Software Solutions to Problems on
Heat Transfer

Radiation Heat Transfer — Part Il
Dr. M. Thirumaleshwar

Download free books at

bookboon.com




Dr. M. Thirumaleshwar

Software Solutions to Problems on
Heat Transfer

RADIATION HEAT TRANSFER - PART-II
(Electrical network method & Radiation energy
exchange in 2-zone and 3-zone enclosures,
Radiation shielding, Radiation error in temperature

measurement)

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat Transfer: Radiation Heat Transfer — Part |l
(Electrical network method & Radiation energy exchange in 2-zone and 3-zone enclosures,
Radiation shielding, Radiation error in temperature measurement)

15t edition

© 2014 Dr. M. Thirumaleshwar & bookboon.com

ISBN 978-87-403-0627-9

Download free eBooks at bookboon.com


http://bookboon.com

Contents

To see the Part I download:

Software Solutions to problems on heat transfer - Radiation Heat Transfer I

Preface to vol. 5 Part I

About the Author Part I

About the Software used Part I

To the Student Part 1
5 Radiation heat transfer Part I
5A Laws of Radiation and Radiation properties: Part I
5B View factors (or, Shape factor, configuration factor)

and Radiation energy exchange between Black bodies: Part I

www.sylvania.com

We do not reinvent
the wheel we reinvent
light.

Fascinating lighting offers an infinite spectrum of
possibilities: Innovative technologies and new
markets provide both opportunities and challenges.
An environment in which your expertise is in high
demand. Enjoy the supportive working atmosphere
within our global group and benefit from international
career paths. Implement sustainable ideas in close
cooperation with other specialists and contribute to
influencing our future. Come and join us in reinventing
light every day.

OSRAM
Light is OSRAM SYLVANIA

:\“'\
P!

Download free eBooks at bookboon.com


http://s.bookboon.com/osram

Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer - Part I Contents
5C Electrical network method & Radiation energy exchange
between gray surfaces: 6
5D Radiation shields 191
5E ‘Radiation error’ in temperature measurement 273
References 302

360°
thinking.

Deloitte.

DiSCOVCI‘ thC truth at WWW.dClOitte,Ca/CaI‘CCI‘S © Deloitte & Touche LLP and affiliated entities.

)

5 Click on the ad to read more

Download free eBooks at bookboon.com


http://www.deloitte.ca/careers

5C Electrical network method &
Radiation energy exchange
between gray surfaces:

5.C.1 Radiation energy exchange in 2-surface enclosures:

Prob. 5.C.1.1. Write Mathcad Functions for a general two-surface enclosures, and also for few special

cases of two-surface enclosures:

Radiation heat exchange for a general two surface enclosure:

Following is the schematic diagram and the radiation network (Ref: Cengel):

Note: In the following Function, A1, A2 are areas of inner and outer surfaces(m), €1,e2 are emissivities

of the surfaces;

T1, T2 are temps. in Kelvin, F12 is the view factor from surface 1 to 2.

g1

. 567-107 11" - T2
Q12 two_swface enclosurel A1, A2 F12 21,22 T1,T2) = — - — -
[1-=2l) 1 [1—-2)

L Alel ) ALF12 | A=)

e

Example: A1:=6283 A2:=3142 21=08 &£2:=035 F12:=05 T1:=800 T2:=600

Qll_nt'o_su.tface_enclosu.rei__—"..l_._—"'._'-'_.Fl_'-'_.al_.al_.'fl_.'f_'-"l = 2347 = IEI; W
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Radiation heat exchange between two black surfaces:

Q1
E, =], —» Ep= 1,

R.=1/(AF,.)
In the Function given below:
We have: A1 (m2), F12 is view factor from surface 1 to surface 2, T1, T2 are temps. in Kelvin

Sarrdmtom® w

Q12_black_surfaces(Al1,F12,T1,T2) = 5.67-10°
Example:  A1=10785 F12:=0232 T1=1000 T2 :=600

Q12_black_surfaces(Al,F12,T1,T2) = 8988 10° W

Few special cases of two-surface enclosures: (Ref: Cengel)

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

SIMPLY CLEVER SKODA

We will turn your CV into
an opportunity of a lifetime

ﬁﬁ?
J el .
- iH :If___ i

Do you like cars? Would you like to be a part of a successful brand?
We will appreciate and reward both your enthusiasm and talent.
Send us your CV. You will be surprised where it can take you.

8 Click on the ad to read more

Download free eBooks at bookboon.com


http://www.employerforlife.com
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Mathcad Functions for the above cases are written below:

1. Radiation heat exchange for a small object in a large enclosure: (ex: pipe in a large Plant

room)

Note: In the Function below, Al (m2), €l is emissivity of the small object, T1, T2 are temps.

in Kelvin
o -8 (4 4
Q12 small object/ Al.21.T1.T2) = 5.67-10° -Alel\T1 -T2 | W
Example: Al=0137 =el=06 T1=03+273 T2 =20+ 273

Q12 small object| Al,21, T1.T2) = 56478 W

2. Radiation heat exchange between infinitely large parallel plates:

Note: In the Function below, A (m2), €1, €2 are emissivities of the surfaces, T1, T2 are temps.

in Kelvin

T S S

; \ jed-10 -A\T1 -T2

Q12 parallel plates| A, 21,22, T1,T2) = 1 W
-1

1
gl &2

Example: A=1 TI=800+273 T2=300+273 el =03 =2:=06

Q12 paratlel plates(A 21,22, T1, T2} = 1.726 = 100 Wimn2

3. Radiation heat exchange between infinitely long concentric cylinders:

Note: In the Function below, L (m), r1, r2 are radii of inner and outer cylinders(m), €1, €2 are

emissivities of the surfaces, T1, T2 are temps. in Kelvin

8, Vrd )

; ) 56710 "A2-m-r1-L)ITL -T2

(12 long cvlinders|L 1 221,22 T1,T2) = - r, - -
- ' TEYER

gl 21 J

Example: 21=1 22:=07 T1=930 T2=3Wrl =01 r2=023 L:=1

Q12 long_cylinders(L,r1,12,21,22, T1,T2) = 2.287 = 10*

9
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Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer — Part I

exchange between gray surfaces

4. Radiation heat exchange between concentric spheres:

Note: In the Function below, r1, r2 are radii of inner and outer spheres(m), 1, €2 are emissivities
of the surfaces, T1, T2 are temps. in Kelvin

o — 8 | 1:| | 4 '—'1:|
; . 36710 4w HTL -T2
(12 concentric spheres|tl 12 21 22 T1, T2} = rﬁ - -
N R B

— 4+ - —1]

2 L) e )

Example: T1:=-183 + 273

T2=25+273 21=02 2:=023 r1=013 £2=102

Q12 _concentric_spheres(rl,2.21,22, T1,T2) = -18.748  W___ -ve sign indicates that

heat flows from outer sphere to

inner sphere, i.e. from surface
2 to surface 1.

5. Energy radiated from a gray cavity:

Aj

(a) Gray cavity

0 R,=(1-€)0A €, )
12
By [~ ™ 3= Ey=0 Rp=1/(A1Fy)
& NI M g
R, Ry

(b) Radiation network

I-Fn -
Qp=Aqz o Ty WY._..net radiation from

1- {1 -z 1) Fqp gray cavity.(13.62)

10
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Note: In the Function below, A1 is area of cavity surface(m2), el is emissivity of the surface,
T1 is temp. in Kelvin, F11 is the view factor from surface 1 to itself = 1-(A2/A1) where A2 is

area of closing surface.

. . - 4 1-Fi1
Q12 from grav cavityl A1, F11,81,T1) = 567-10 S-.-'%.l-ﬂl-l"ﬁ- _ W
1-(1-21)-F11

Example: Fi1:= 0857 Al:=2199-10 381 =046 T1=330+273

Q12 from gray cavityl Al,F11.21.T1)=2452 W

Prob. 5C.1.2. A convex grey body having a surface area of 4 m? has ¢ = 0.35 and T,= 680 K. This is
completely enclosed by a grey surface having an area of 36 m?, £,=0.75 and T, = 310 K. Find the net rate
of heat transfer Q,, between the two surfaces. [M.U. May, 1999]

In addition: If €1 varies from 0.1 to 0.6, plot the variation of Q12, all other quantities remaining the same:

*ntiia iA)gx Gradua']te

Find out more and apply

redefining / standards
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Software Solutions to Problems on Heat Electrical network method & Radiation energy

Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces
Mathcad Solution:

Data:

Tl =630 K T2 =310 K gy =033 gy =073

6 o=56710 0 Wmr2Kd  Al=2 m2 Al=36 m'2

Fj; =1 ..since all the heat radn. emitted by surface 1is intercepted by surface 2.

Solution:

Starting from Fundamentals:

Epy1 = {5-'['1'_1 e Epp=1212x ll]ll_1 Wim*2

By =6 ot ie  Epy=323.636 Wima2
1 i
Rl2 = e, R12=023 1/mn2
ALFy
i
Bl = e Bil=0464 1Umt2
El':‘il
1 - Ej ) =
B2 = - ie. B2=0250x10 -  1/m"2
Ez':‘ﬁ_j-

Rge=RI+RI2+R2  ie R, =074  1m2

Therefore:

Epi — B2

Q= — ie. Qp=1603x10" Watts__Ans.
Etot

12
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Using the Mathcad Function for a general 2-surface enclosure:

We have the Function written earlier:

T . 41

’ ) jeér-10 C-A\T1 -T2
Q12 two_swrface enclosure| A1, A2 F12 21,22 T1,T2) = — - — -
[1-gl] 1 +j1—a_"-“'_

LAlel ) AlrF2 | a2

Then, we write:

012 = Q12 _two_suface enclo su.fe{_—‘Ll VAR 12:21-21- T1,T2|

4

ie. Q12 = 1603 x 10 W____Ans.. same as obtained above.

If €1 varies from 0.1 to 0.6, plot the variation of Q12, all other quantities remaining the same:

Let: QIE{EI: = Qll_nt'n_su:rface_enclnsure{_—‘11_._—"._‘-_.El_w__.al_.az__Il_.IE: ..define Q12 as a
C ‘ function of 21

2y =01.015.06 ...define a range variable
2= Q12fz¢) =
0.1 4623102
0.15 £.921-102
0.2 8.211-1032
0.25 1.149-10%
0.3 1.377-104
0.35 1.603-10%
0.4 1.828-104
0.45 2054104
0.5 2278104
0.55 2501104
0.6 2723104
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4 Heat transfer, Q12 (W) vs emissivity, el

0 01 02 03 0.4 03 0.6
g

Prob.5C.1.3. Calculate the net radiant heat interchange per sq. meter for two large parallel plates
maintained at 800 C and 300 C. The emissivities of two plates are 0.3 and 0.6 respectively. [M.U. 1993]
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Fig. Two infinitely large parallel plates

Mathcad Solution:
Data:
T1:=800+273 K T2 =300+273 K el=0353 =222=1048
g = 367 ltl_S Wimn2 K4 Stefan Boltzmann const.
Solution:
We have:
o1 - T
q=
1 1
—+—=-1
gl =2

e, g=1726x 10 Wim2.__Ans.

Prob.5.C.1.4. Liquid O, at atmospheric pressure and temp 183 C is stored in a spherical vessel of outer
diameter 0.3 m. The system is insulated by enclosing the container inside another concentric sphere
of 0.5 m inner diameter, with space between them evacuated. Both the sphere surfaces are made of
aluminum for which emissivity is 0.3. If the temp of outer surface is 40C. estimate the rate of heat flow
due to radiation. What will be heat flow if polished Al with an emissivity of 0.05 is used for container
walls. [M.U. 1992]
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Electrical network method & Radiation energy
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exchange between gray surfaces

Mathcad Solution:
Data:
T1l=-183+273 K T2 =40+ 273 K o = 367 l[ll_S Wma2 Knd

Calculations:

-'I .

Al = =Dl .8 A1=0283 m"2
-'I .

A2 = zD2 .8 A?=0785 m"2

Then:
on = oatiT’- )
DL AL )

el A2l )
e, Ql2=-36618  W..Ans., -ve sign indicates heat flow info A1

If the emissivity 1 changes to 0.05:

o-arlT? - 1)

Ty oAt 10
_.+_ 1.

wel) A2l )

=3 Q12 = —7.333 W...Ans., -ve sign indicates heat flow into A1
Therefore, change in heat flow:

== =02 ..reduced to 20% of the earlier case.

16
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Note: We can also use the Mathcad Function written earlier:
We have:

zl=03 =2=103 =013 m 2=023 m

Then:
Q12 = QI2_concentric_spheres(rl,2,21,22,T1,T2) ..usind the Function

le.  Q12=-35618 W.... Ans. .... same as obtained above.

In addition: plot the variation of Q12 as €1 varies from 0.03 to 0.3, all other quantities remaining

the same:

gl == 003,004_03 ...define a range variable

Let: Qll{sl} = |Q12_n:nﬂn:enttin:_5pheresi:rl,r?‘,,al,al,Tl,TlH

ﬁ business
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Note that we taken the Absolute value of Q12 to get the heat loss as positive.

We get:

. el = Qi2iel) =

zl = Qi2i=l) =
0.03 4472 07 22733
0.04 5914 018 23.894
0.05 7.333 019 25.039
0.06 8.728 0.2 26.167
0.o7 10.103 0.21 27.28
0.08 11.456 0.2z 28.376
0.09 12787 023 29457

0.1 14.098 024 30,523
0.11 15.388 0.25 31.574
012 16.659 0.26 32.61
013 17.91 027 33.633
0.14 19.143 0.28 34,641
015 20.358 0.29 35.636
016 21.554 0.3 36.618

35 Heat transferred Q12| (W) vs emissivity, 21

2 =A%
Qi) 20

[=1

=}
=
=1
[
-
=1
=l
[
[
(3%
=1
.

i

=

Prob.5.C.1.5. A blind cylindrical hole of diameter and length 3 cm is drilled into metal slab having
emissivity 0.6. If the metal slab is maintained at temp 350 C. Find heat escaping out of the hole by
radiation. [M.U. 1991]
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Mathcad Solution:

This is a problem on determining energy escaping from gray cavity. We use eqn.(13.62), viz.

4 I-Fyy -
Qpp=Ayepoly | ——————— W....net radiation from
) I-{l-—=)Fy gray cavity..{13.62)

D=2cm
/ E1= Dﬁ
> '/
L L~
/ H=3cm
//,
Fig.Prob.5.C.1.5
Data:
D =002 m.. dia. of cylindrical cavity
H:= 003 m._height of the cylindrical cavity
2y =06 ...emissivity of cyl surface
T; =3350+273 K. temp. of cavity
= 56710 ° Wi(mZ2 K).. Stefan-Boltzmann const.
Mow, F,, for a cavity is already shown to be:
A,
Fjy=1- — where A; = area of closing surface. A4 = area of the cavity
A1 surface
7.D°
e, Fy=1- 1; ... for cylindrical cavity of this problem
I +xDH
4
- D 4H
(-3 }'11 =1-

D+4H 4H+D

19
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Then, from eqn. (13.62):

1-F
4 11
Qp=4arzpely [—:|

1-{1-2}Fy
e Qqy=245 W....energy escaping from the cavity....Ans.
Therefore, Fip= +H
4H+D
e Fyy = 0857 __view factor of the cavity w.rt. itself
2
And Ay =xDH+
=3 A;=2189x 10 °  m?__area of surface of cylindrical cavity
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Alternatively:
Use the Mathcad Function written above for the energy escaping from a cavity:

Q12 = Q12_from_grav_cavity| AgFree. T

ie. Q12=245 W.....Ans.....same as obtained above.

Prob.5.C.1.6. A long pipe, 50 mm dia passes through a room and is exposed to air at 20 C. The pipe

surface temp is 93 C. Assuming that the emissivity of pipe surface is 0.6, calculate the radiation heat loss

per meter length of the pipe. [M.U. 1991]

Mathcad Solution:

A
A
e

Fig.Prob.5.C.1.6.

The pipe is enclosed by the room; so, it is two-surface enclosure problem.

Further, area of the pipe is very small, compared to the area of the room. Therefore, this is a case of a

small object surrounded by a large area, and we have:

A
A,

=10

and, Fip=1

Q= _—";l-G-El-l 1’1; - 1'_1.; ....for small object in a large cavity... (13.58)
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Data:
dy =005  m._dia ofthe pipe
L=1 m.._length of pipe
2y =06 _.emissivity of the surface of the pipe
T;=093+273 K.temperature of the pipe
T, =20+273 K. _temperature of surroundings

g =3567-10 ° W/mZ2K)._ Stefan-Boltzmann const.
MNow, Ay=mdyl

Le. Ay =0.157 mZ____surface area of the pipe per metre length

Then, applying eqn. (13.58), we get:

Qp = Apee|Ty - Ty )

l.e. Q= 36307 W...net radiant heat loss from the pipe per metre
- length...Ans.

Alternatively: Use the Function written earlier:
Q12 = Ql_‘-_sma]l_nbject{_—‘il__a1_.1'1_.1'_1.:

ie. Q12 = 36507 W.....Ans.....same as obtained above.

Prob.5.C.1.7: A spherical steel ball, 50 mm in diameter, at a temperature of 600 deg. C, is taken out of a
furnace and rests on the floor of a foundry room. Assuming that the surroundings are at a temperature
of 30 deg.C, and the emissivity of the surface of the ball to be 0.8, calculate the net radiant heat loss
from the ball.

(b) Also, plot the heat transferred Q12 as emissivity of ball surface varies from 0.1 to 0.9:

Mathcad Solution:

The steel ball is enclosed by the room; so, it is a two-surface enclosure problem.

Further, area of the ball is very small, compared to the area of the room.
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Therefore, this is a case of a small object surrounded by a large area, and we use the Mathcad Function

written earlier:
Data:
£y = 0025 m..radius of the ball
2y =08 .emissivity of the surface of the ball
T; =600+ 273 K _.temperature of the ball
T~ :=30+273 K. temperature of surroundings

o = 367-10 W/(m2 K).._Stefan-Baltzmann const.
Mow, Ay=dmr
e A =T78M4x10 m2___surface area of the ball

Using the Mathcad Function written earlier:

Q12 = Qll_sma]l_nbjeu:t[_.—‘ﬁ.l 22q: Tl . Tl__:'

7
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Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

Also, plot the heat transferred Q12 as ¢, varies from 0.1 to 0.9:

Q]_zl.gl} = le_sma]l_nbjectll_—"il__g1__1—1__1—2} ...express Q12 as a Function of 21

2y =01,02.02 .._.define arange variable
2 = QiYfz) =
0.1 25491
0.2 50.981
0.3 76472
0.4 101.963
0.5 127453
0.6 152944
0.7 178.435
0.8 203925
0.9 229416

Q12 (W vs emissivity of surface

200 i

+ oy 130
Q125)
100
50
0
1] 02 04 0.6 0.8 1
|
Prob.5.C.1.8. A hemispherical furnace of radius 1.0 m has a roof temperature of T1 = 800 K and emissivity

el = 0.8. The flat circular floor of the furnace has a temperature of T2 = 600 K and emissivity €2 = 0.5.
Calculate the net radiant heat exchange between the roof and the floor. [M.U. 1998]

(b) Also, plot Q12 as the emissivity of base, ¢, varies from 0.1 to 0.8.

24
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Fig.Prob.5.C.1.8

Mathcad Solution:

This is a two-zone enclosure problem.
Fig. above shows the radiation network for this problem.

We have:

where R1 and R2 are the two surface resistances and,

R12 is the space resistance between the two radiosity potentials.

Data:
T; =800 K.temp. of sufface 1 (i.e. hemisphere)

T, = 600 K. temp. of suface 2 (i.e. base)
2y =08  ..emissivity of surface 1

2, =035  ...emissivity of surface 2
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E-=1 m. radius of surface 1

mZ2____area of hemispherical surface 1

e Ay =6283 m2.._.area of surface 1

2___.area of surface 2

e
I
.'_’|
e
I
3
7.

e, A,=3142  m?__area of surface 2

g =3567-10 ° W/m2K) _Stefan-Boltzmann const.
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View factors:

Fy; =1 ..since all the heat radiated by surface 2 is intercepted by hemispherical

surface 1.
Mow., AFj,=AyFy  -..byreciprocity
A, F,
Therefore,  Fi5 = — 21
2 A,
ie. Fi5=03 ...view factor from surface 1 to surface 2
Resistances:
1- El
NDW. R]. =
El':'il

=3 B4 =00398 m=2....surface resistance of inner surface

1- En
and. R, = -
- Ez':‘!i._.
-3 R, = 0318 m-2....surface resistance of outer surface
1
Also,  Ryy =
Arfp
-3 By =0318 m-2....space resistance between inner and outer surface
Therefore,

Riot =B+ Bpp+ By

=3 Bi.¢= 0676 m2....total resistance between inner and outer surface
Also,
Eb]. = \'JTI lLe. Eb]. =2322= 10 Wm
4 1 T 5 3 2
Ebz = GTE- lLe. Ebz = 7348 = 10 Wm

27
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Then, net rate of heat transfer between surfaces 1 and 2 is given by:

Ep1~ 2
Qpp =
Riot
ie. Qqp=234Tx 1I}4 Watts......Ans
Additionally:

If both the surfaces are black: Now, both the surface resistances become zero, since = =1 for
both the black surfaces. Then,

Ep1 - Em
Qi =——7
12 Ep

e Qqp=4988x 1&4 W....if both the surfaces are black.

(b) Also, plot Q12 as the emissivity of base, &, varies from 0.1 to 0.8, other quantities remaining the

same:

Express relevant quantities as functions of ¢ :

- ....R2 as a function of =2

R_mt[.gz::, =Ry +Rpp+ Rzl..az} ....Rtot as a function of =2

Fb1 ~ b2 ....Q12 as a function of =2

Qpolzg) = ————

Riotl22)

2, =01.015.08 ..define a range variable

28
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5= Qaf=) =
0.1 4926102
015 7.344-102
0.2 9732102
0.25 1.208-104
0.3 1.442-104
0.35 1.672104
0.4 1.9-104
0.45 2125104
0.5 2.347-104
0.55 2567104
0.6 2784104
0.65 2998104
0.7 3.21104
0.75 3.42-10%
0.8 3627104

- Q12 W) vs emissivity of base, &2
1-107

Qp[ﬁw.:'
S 5 11

1-10°

0 0.1 02 03 04 0.3 0.8 0.7 0.3

Prob.5.C.1.9. A pipe carrying steam, having an outside dia 20 cm, runs in a large room and is exposed
to air at a temp. of 30 C. The pipe surface temp. is 400 C.

i) Calculate the loss of heat to the surrounding per metre length of pipe due to thermal

radiation. Emissivity of pipe surface is 0.8.

ii) What would be the rate of heat loss due to radiation if the pipe is enclosed in a 40 cm. dia
brick conduit of emissivity 0.91? [M.U. 1997]

29
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Mathcad Solution:
Case 1. Pipe in a large area:
This is a case of a small object surrounded by a large area, and we have:
d=02m L=1 m z=08%
Ta:=30+273 K Ts =400+ 273 K

8

o =3687-10 ° Wm"2 K4 Stefan-Boltzmann const.
A=zdL e, A=068 m"2._ pipe surface area
Therefore:
- 4.' .
Q=0ceAl\Ts —Ta MW heat loss to srroundings

ie. Q=j_ﬁ-l]?x1'l]3 W......Ans.

30
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Case 2. Pipe enclosed in a 40 cm dia conduit:
This is a case of a concentric cylinders, and we have:
d=02m D=04 m
zl=08 =22=0%
Al=m-dl I8 Al=0628 m"2_ pipe surface area
Al=xDL e A2=1257 m"2... brick conduit surface area

Then, we have:

_ satlt o
1y AL 0
| — 4+ 1!

wel) A2l )

Prob. 5.C.1.10. Write EES Functions for a general two-surface enclosures, and also for few special cases

of two-surface enclosures:

Following are the EES Functions. Later, we shall use them in solving some problems.

$UnitSystem SI Pa J K

FUNCTION Q12_TwoSurfaceEnclosure(A_1, A_2, F_12, epsilon_1, epsilon_2, T_1, T_2)

{Returns Q12 from surface 1 to 2 in a general, two-surface enclosure; 1 is the internal surface.

Inputs: Al, A2 (mA2), T1, T2 (K)}

sigma := 5.67E-08 “[W/mA2-K"4]....Stefan Boltzmann constant”

R_12:=1/(A_1* F_12) “[1/mA2]...space resistance”

R_1:=(1-epsilon_1) / (A_1 * epsilon_1) “[1/mA2]..surface resistance of surface 1”

31
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R_2:=(1 - epsilon_2) / (A_2 * epsilon_2) “[1/mA2]..surface resistance of surface 2”

R tot:=R 1+ R 2+ R 12 “..total resistance”

E bl :=sigma* T_1/4 “[W/mA2]”

E_b2 :=sigma* T _2/4 “[W/mA2]”

Q12_TwoSurfaceEnclosure := (E_bl - E_b2) / R_tot “[W]”

END

FUNCTION Q12_SmallObject(A_1, epsilon_1, T_1, T_2)

{Returns Q12 from small object 1 to a large surrounding surface 2; 1 is the internal surface.
Inputs: A1 (mA2), T1, T2 (K)}

sigma := 5.67E-08 “[W/mA2-K"4]....Stefan Boltzmann constant”

Q12_SmallObject := sigma * A_1 * epsilon_1* (T_1/4 - T_2/4) “[W]”

END

FUNCTION Q12_parallel_plates(A, epsilon_1, epsilon_2,T_1, T_2)

{Returns net Q12 from plate 1 to a parallel plate 2;

Inputs: A (mA2), T1, T2 (K)}

sigma := 5.67E-08 “[W/mA2-KA4]....Stefan Boltzmann constant”

Q12_parallel_plates := sigma * A * (T_1/4 - T_274) / (1/epsilon_1 + 1/epsilon_2 - 1)“[W]”
END

32
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FUNCTION QI2_long concentric_cylinders(L, R_1, R_2, epsilon_1, epsilon_2,T_1, T_2)
{Returns net Q12 from surface 1 to surface 2; 1 is the inner cylindrical surface.

Inputs: L, R_1, R_2 (m), T1, T2 (K)}

sigma := 5.67E-08 “[W/mA2-K/4]....Stefan Boltzmann constant”

Q12_long_concentric_cylinders := sigma * (2 * pi * R_1 * L) * (T_174 - T_2/4) / (1/epsilon_1 + (R_1
/ R_2) * (1/epsilon_2 - 1))“[W]”

END
FUNCTION Q12_concentric_spheres(R_1, R_2, epsilon_1, epsilon_2,T_1, T_2)
{Returns net Q12 from surface 1 to surface 2; 1 is the inner spherical surface.

Inputs: R_1, R_2 (m), T1, T2 (K)}

........................................................... sesssssssssssAlCcatel-Lucent @
www.alcatel-lucent.com/careers

¥, N

One generation’s transformation is the next’s status quo.

In the near future, people may soon think it's strange that
devices ever had to be “plugged in.” To obtain that status, there
needs to be “The Shift".
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sigma := 5.67E-08 “[W/mA2-K"4]....Stefan Boltzmann constant”

Q12_concentric_spheres := sigma * (4 * pi* R_1/2) * (T_1/4 - T_2/4) / (1/epsilon_1 + (R_1/R_2)"2
* (1/epsilon_2 - 1))“[W]”

END

FUNCTION Q12_from_gray_cavity( A_1,F_11, epsilon_1, T_1)

{Returns net Q12 from surface 1 of cavity to a closing surface 2;

Inputs: A_1 (mA2), T1 (K)}

sigma := 5.67E-08 “[W/mA2-KA4]....Stefan Boltzmann constant”

Q12_from_gray_cavity := sigma * A_1 * epsilon_1 * T_174 * ((1 - F_11) / (1 - (1 - epsilon_1) *
F_11))“[W]”

END

Prob. 5.C.1.11. Two large parallel plates are at 1000 K and 800 K. Determine the heat exchange per

unit area, when:

i) The surfaces are black
ii) The hot surface has an emissivity of 0.9 and the cold surface has emissivity = 0.6 [VTU -
Dec. 2006/Jan. 2007]

In addition, plot the variation of Q12 with e2, all other conditions remaining the same.

T,
5]

T,
L&

Fig. Two infinitely large parallel plates
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EES Solution:
“Data:”

A =1 [mA2]

epsilon_1=0.9

epsilon_2 = 0.6

T_1 = 1000 [K]

T_2 = 800 [K]

“Case 1: when both surfaces are black:”

Q12_both_black = 5.67E-08[W/mA2-KA4] * A * (T_1/4 — T_2/4)

“Case 2: When epsilon_1 and epsilon_2 are 0.9 and 0.6 respectively:”

“Using the EES Function for parallel plates, written above:”

Q12_both_gray = Q12_parallel_plates(A, epsilon_1, epsilon_2,T_1, T_2)

Results:

F ain l 012 _parallel_plates ]

Unit Settings: 51 K Pa J mass deq

A =1 [m9 =1 =04 g2 =08
O 2hoth black = 33476 [W] O 2hth grap = 18830 [W] Ty=1000 [K]
To= 800 [K]

Main  @12_parallel_plates l

Local variables in Function Q12_parallel_plates {1 call. 0.00 sec)

A =1 [m?] z1=04 z2=05
O 2 arallel plates =1 8830 W] o =B.B70E-08 [Afmakd] T4=1000 [K]
To=800 [K]
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Thus:

Q12 when both surfaces are black: 33476 W .... Ans.

Q12 when &1 and €2 are 0.9 and 0.6, respectively = 18830 W ... Ans.

/
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In addition, plot the variation of Q12 with e2, all other conditions remaining the same:

First, compute the parametric Table:

Now, plot the results:

30000

Q12 vs 5 for parallel plates

25000

20000
™ 15000
e}

10000

5000

&2
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Prob. 5.C.1.12. A solid copper sphere of 10 cm dia at 1000 C is suspended in a large enclosure. If the
walls of the enclosure are at 30 C, determine: (i) the initial rate of cooling of the sphere (ii) time taken

by the sphere to cool to 900 C.

Use the following properties for copper: density, p = 8954 kg/mA3, specific heat, cp = 381 J/kg.K, thermal
conductivity, k = 386 W/m.K, emissivity, € = 0.78. [VTU - Aug. 2001]

(b) Additionally, plot the variation of these quantities as emissivity of surface of sphere varies from 0.1
to 0.9.

EES Solution:

This is the case of a small object in a large surrounding.

So, to get Q12, use the EES Function written above.

“Data:”

R =0.05 [m]“....radius of sphere”

epsilon_1 = 0.78%...emissivity of sphere surface”

T_1=1273 [K]“...sphere temp”

T_2 =303 [K]“....surroundings temp.”

rho = 8954[kg/mA3]“...density of copper”

cp = 381 [J/kg-K]“...sp. heat of copper”

k = 386 [W/m-K]“...thermal cond. of copper”

“Calculations:”

A_1=4*pi*RA2 “[mA2]... surface area of sphere”

“To find Q12, use the EES Function already written for a small object in a large enclosure:”

Q12 = QI12_SmallObject(A_1, epsilon_1, T_1, T_2)“[W]...finds rate of initial heat loss from the sphere”

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il

“But, Q12 is also equal to:

Electrical network method & Radiation energy

exchange between gray surfaces

Q12 = mass * cp * dTbydtau, where dTbydtau is the initial rate of cooling”

“Therefore:”

mass = rho * (4/3) * pi * RA3 “...[kg]... mass of sphere”

Q12 = mass * cp * dTbydtau “...[C/s]....finds initial rate of cooling”

“Time taken to cool to 900 C:”

“Find the rate of heat loss when the sphere temp is 900 C. Then, take the average rate of heat loss from
1000 C to 900 C, and the find the approx. time taken to cool from 1000 C to 900 C, knowing the total

amount of heat removed in the process:”

Q12_2 = Q12_SmallObject(A_1, epsilon_1, 1173, T_2)“[W]...finds rate of heat loss from the sphere

when it is at 900 C”

Iy
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“Therefore:”

Ql2_avg = (Q12+ QI2.2) /2

“And:”

Q_lost = mass * cp * (1000 - 900)”[]]”

“Therefore, approx. time taken to cool to 900 C:”

time = Q_lost / Q12_avg “[s]...... time taken to cool to 900 C”

Results:

Main | G12_SmalObject |

Unit Settings: S1 K Pa J mass deg

Aq = 0.03142 [mé) cp= 381 [Jkgk] dThydtau = 2.036 [C,"s]‘ ey =0.78

k=386 [A/m-K] mass = 4668 [ka] Q12 = 3637 W] Q125 = 2619 W]
Q12409= 3128 [W] Qost = 178624 [] R = 0.05 [m] o= 8954 [kp/m3]
time =57.11 [s] T1=1273 [K] To=303 [K]

Maim 012 SmallObject ]

Local variables in Function Q12_SmallObject (2 calls. 0.00 sec)

Aq=0.03142 [m?] g1=0.78 25 malnbject =2619 W]
o =5.670E-08 [WimZKd] Ty=1173 [K] To=303 [K]
Thus:

Initial rate of heat loss, Q12 = 3637 W....Ans.

Initial rate of cooling, dT/dt = 2.036 C/s ... Ans.

Approx. time taken to cool to 900 C = time = 57.11 s .... Ans.
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Additionally, plot the variation of these quantities as emissivity of surface of sphere varies from
0.1 to 0.9:

First, compute the Parametric Table:

Table1 Table2 |

[l B [l ] 4 ™
P 2 Q12 dThydtau time
1 [W] [Cis] [s]
Run 1 01 4663 0261 445 4
Run 2 02 9326 0.6221 2227
Run 3 03 13499 0.7831 148 5
Run 4 0.4 1865 1.044 111.4
Fun & 045 233 1.305 89.09
Run 6 0.6 2798 1.566 7424
Run 7 0.7 3264 1.827 £3.63
Run 8 0.8 3730 2088 55 68
Fun 9 0.9 4197 2.349 459 49
Now, plot the results:
5000
_ Q12 Vs ¢
4000 |
3000 |
~ [
N 2000 |
o
1000 |
ol , v
0 0.2 0.4 06 08 1

€1
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o1 T ]
lInitial rate cf cooling vs & /
2 -~
1.5
1

dTbydtau [C/s]

\

€1
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Time required to cool to 900 C vs g4

150
100
50
0 A4
0 o1 02 03 04 05 06 07 08 059 1

Prob. 5.C.1.13. Refer to Fig. below. Three thin walled, long, circular cylinders 1, 2 and 3, of diameters
15 cm, 25 cm and 35 cm respectively, are arranged concentrically as shown. Temperature of cylinder 1 is
80 K and that of cylinder 3 is 300 K. Emissivities of cylinders 1, 2 and 3 are 0.05, 0.1 and 0.2 respectively.
Assuming that there is vacuum inside the annular spaces, determine the steady state temperature attained

by cylinder 2.

(b) In addition, plot Q12 and T2 as &, varies from 0.1 to 0.9.

d=015m.T,=80K,
€,=0.05

d=025m, T,="?
E:= []1

d=035m,T,=300K
Es= D:

Fig.Prob.5C.1.13

Download free eBooks at bookboon.com



EES Solution:

This is the case of long, concentric cylinders.

To find T2, use the fact that: in steady state, net radiant heat transfer between cylinders 1 and 2 must

be equal to the net radiant heat transfer between cylinders 2 and 3.
To find Q12 between long, concentric cylinders, use the EES Function already written.

“Data:”

R1 = 0.075 [m]“....radius of inner cyl”

R2 =0.125 [m]“....radius of middle cyl”
R3 =0.175 [m]“....radius of outer cyl”

L =1[m] “..assumed”

epsilon_1 = 0.05%..emissivity of surface 1”
epsilon_2 = 0.1“...emissivity of surface 2”
epsilon_3 = 0.2...emissivity of surface 3”
T_1 =80 [K]“..inner cylinder temp.”

T_3 =300 [K]“...outer cylinder temp.”

“Calculations:”

“Net heat transfer between surfaces 1 and 2:

Using the EES Function already written:”

Q12 = Q12_long_concentric_cylinders(L, R1, R2, epsilon_1, epsilon_2,T_1, T_2)
“Similarly, Net heat transfer between surfaces 2 and 3:”

Q23 = Q12_long_concentric_cylinders(L, R2, R3, epsilon_2, epsilon_3,T_2, T_3)
“Equating Q12 and Q23, we get the unknown temp, T2:”

Q12 = Q23 “.equate Q12 to Q23 to get T2”
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Results:

Mair l IIJ'I2_I|:ung_cuncentric:_cylinders]

Unit Settings: S| K Pa J mass deqg

g1 =0.05 gz =01 gz =02

L=1 [m] Q12 =-6503 [W] |923 = -6.503 [W]|
Rl =0.075 [m] Fi2 =0.125 [m] F3 =0.175 [m]

o =5E70E-08 [W/makY Ty=80 [K] T2=280.9 [K]
To=300 [K]

bain  O12_long_concentric_cylinders

Local variables in Function Q12_long_concentric_cylinders {36 calls, 0.02 sec)

g1=01 gp=0.2

L=1 [rn] U7 2)ong, concentiic. cylinders=8.503 [¥v]
Fiy =0.125 [m] Rz =0.175 [m]

o =B.E70E-08 Pfmkd T1=280.9 [K]

To=300 [K]

(]
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Thus:

Temp of middle cylinder = T2 = 280.9 K ... Ans.

Net heat transfers Q12 = Q23 = -6.503 W.... Ans. (-ve sign indicates heat flow from outer cylinder

to inner cylinder)

In addition, plot Q12 and T2 as ¢, varies from 0.1 to 0.9:

First, compute the Parametric Table:

Now, plot the results:

Q12 [W]

6.5

: I s hd

P 25 Q12 T,

1.9 [W] K]
Run 1 0.1 -6.503 280.9
Run 2 0.2 -7.942 286.1
Run 3 0.3 8574 2883
Run 4 0.4 -8.93 289 5
Run & 0.5 -9.157 290.3
Run 6 0.6 -9.316 290.8
Run 7 0.7 -9.433 2912
Run & 0.8 -9 522 2915
Run 9 0.9 -9.593 2918

| -_Q12I*VI-E: éz o

01 02 03 04 05 06

&2
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Prob.5.C.1.14. For a hemispherical furnace, the flat floor is at 700 K and has an emissivity of 0.5. The
hemispherical roof is at 1000 K and has an emissivity of 0.25. Find the net radiant heat transfer from
the roof to floor. [V.T.U - July-Aug. 2003]

(b) Also, plot Q12 as the emissivity of base, g, varies from 0.1 to 0.9, all other conditions remaining the

same.

T,= 1000 K
€= 025
A =628m"
R=1m T:= 700 K
e.,= 0.5
A,=314m’

Fig.Prob.5.C.1.14
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EES Solution:

Assume the radius of hemisphere as 1 m.

Note that this problem is similar to Prob.5.C.1.8, which was solved in Mathcad; but, now, temperatures

and emissivity values are different.

This is a two-surface enclosure problem.

Use the EES Function written earlier, to find Q12 of a two-surface enclosure:

“Data:”

R1 =1 [m]“...radius of hemisphere”

epsilon_1 = 0.25%..emissivity of hemisph. surface 17

epsilon_2 = 0.5%...emissivity of base surface 2”

T_1 = 1000 [K]*..hemisph. surface temp.”

TURN TO THE EXPERTS FOR
SUBSCRIPTION CONSULTANCY

Subscrybe is one of the leading companies in Europe when it comes to innovation
and business development within subscription businesses.

We innovate new subscription business models or improve existing ones. We do
business reviews of existing subscription businesses and we develope acquisition and

retention strategies.

Learn more at linkedin.com/company/subscrybe or contact
Managing Director Morten Suhr Hansen at mha@subscrybe.dk

SUBSCRYBE - fofle fifur
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T_2 =700 [K]“...base temp.”

“Calculations:”

A_1=4*pi*RIA/2“[mA2]....area of hemisph. surface”

A_2 =pi* R1A2 “[mA2]..area of base surface”

“View factors:”

F_21 =1 “..since all the energy leaving surface 2 is intercepted by surface 1”

“To find F_12, View factor from surface 1 to surface 2:”

A_1*F_12=A_2*F_21 “..by reciprocity... finds F_12”

“Now, to get Q12 use the EES Function for a general, two-surface enclosure, already written:”
Q12 = Q12_TwoSurfaceEnclosure(A_1, A_2, F_12, epsilon_1, epsilon_2, T_1, T_2)

Results:

Main ] (12_TwoSurfaceEnclosure I

Unit Settings: S| K Pa J mass deqg

Aq=6.283 [m?) Az=3142 [m?) £ =025 22 =05
Fay =1 a1z =38674 pv|  R1 =1 [m] Ty=1000 [K] To=700 [K]

Main  012_TwoSurfaceE nclozure l

Local variables in Function Q12_TwoSurfaceEnclosure (1 call. 0.00 sec)

A1=6.283 [m?] A=3.142 [m]

g1=0.25 gp=05

Ep1=56700 [¥/m2] Epz=13614 [wim?]

F12=0.5 Q127 woSurtaceEnclosure 38674 [W]
Fq =0.4775 [1/m?] Fq=0.3183 [1/m?]

Fo =0.3183 [1/m? Rigre1.114 [1/m]

o =5.670E-08 [w/m<K4 T4=1000 [K]

T=700 [K]
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Thus:

Net radiant heat transfer from roof to floor = Q12 = 38674 W .... Ans.

(b) Also, plot Q12 as the emissivity of base, €, varies from 0.1 to 0.9:

First, compute the Parametric Table:

Table 1| Table2| Table3 Table 4 |

Il ™
b 2 Q12
1.5 ['l.-'lll.-r]
Run 1 01 11770
Run 2 0z 208245
Run 3 0.3 28005
Run 4 04 33840
Run & 0.5 38674
Run 6 0.6 42745
Run 7 0.7 46220
Run 8 0.a 49222
Run 9 0.9 51840
And, plot the results:
60000 I —
50000
45000
— 40000
E. 35000
S 30000
o
25000
20000
15000 ]
0 01 02 03 04 0.5 06 07 08 069 1
£2
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Prob.5.C.1.15. Write EXCEL - VBA Functions for heat transfer in a general, two-surface enclosure

and also for a few special cases of the same.

1. For a general, two-surface enclosure:

Cption Explicit

'General two-surface enclosure:

Function Q 12 Two surface enclosure (& 1 Az Doukle, A 2 &3 Double, eps_1 As Double,
eps_2 Rs Double, T_1 As Double, T_2 As Doukle, F 12 As Double) A3 Double

'Finds @ 12 = Q1 = -2 for a two-surface enclosure (W)
Dim sigma A= Double, R1 As Double, R2 As Double, R_12 As Double

sigma = 0.0000000567 'W/m2.K" 4

Rl = (1 - ep=s_1) i (A 1 * eps_ 1) 'surface resistance of surface 1

R2 = (1 - ep=s_2) i (A 2 * eps_2) 'surface resistance of surface 2

R 12 =1 i (A 1 = F 12) 'space resistance between surface 1 and 2

R_12 Two_surface enclosure = (sigma * (T_1 ~ 4 - T 2 ~ 4)) JSO(RL + R 12 + R2)

End Function

Vouwro Touexs | Resanr Toocks | Macs Toveks | Vowo Buses | Vowo Cowsteucnion Esumsest | Wowo Pesm | Vowo Aeno | Wowo IT

Vowo Fimswcer Sepnces | Vowo 3P | Vowo Powerream | Vowo Pasrs | Vowo Techwowoer | Wowo Loasncs | Busisess Anes Asie
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2. Small object in a large cavity:

'Special cases of Two-surface enclosures:

Function Q_12 =small cobject_in large cavity(h 1 As Double, eps_l Az Double, _
T 1 Rs Double, T_2 As Double) As Double

'Gives @ 12 (W) for a small object placed in a large enclosure, i.e. (E_lfA_QJ =0, Fi12 = 1

Dim sigma &5 Double
sigma = 0.0000000567 'W/m2.K"4

@ 12 small cobject_in large cavity = gigma * R 1 * eps_1 * (T_1 ~ 4 - T_2 ~ 4)

End Function

3. Infinite, large, parallel plates:

Function Q 12 Infinite large parallel plates (Area As Double, eps 1 As Double, eps 2 As Double, _
T 1 &z Double, T_2 Rs Double) As Double

'Gives Q 12 (W) between two infinite parallel plates of area A (m2) each,
'i.e. (R 1R 2) =1, F 12 = 1

Dim sigma &= Doubkle
sigma = 0.0000000567 'W/m2.K"4

Q 12 Infinite large parallel plates = (sigma * Area * (T_1 ~ 4 - T_ 2 ~ 4)) / _
(1 /eps 1+1/eps 2-1)

End Function

4. Infinite, concentric cylinders:

Function @ 12 Infinite concentric cylinders(hA 1 As Doukle, R 1 As Double, R 2 As Double,
eps_1 A= Double, eps_2 A= Double, T 1 As Double, T 2 As Double) As Doukle

'Gives Q_12 (W) between infinite concentric cylinders,
'i.e. (B 1/n 2) =R 1/R 2, F 12 =1

Dim sigma As Double
sigma = 0.0000000567 'W/m2.K"4

Q 12 Infinite concentric cylinders = (sigma * A 1 * (T_1 ~ 4 - T 2 =~ 4)) / _
(1 / eps 1 + ({1 -eps 2) / ep=s_2) = (R1 /R 2))

End Function
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5. Concentric spheres:

Function Q 12 concentric spheres (A 1 As Double, R 1 4s Double, R 2 As Double,
eps 1 As Double, eps 2 hs Double, T 1 As Double, T 2 As Double) As Double

'"Giwve=s Q 12 (W) between concentric spheres,
2 _ _ -

, 1/R 2) = (R 1/R 2)~2, F 12 = 1

Dim =igma As Doukle
sigma = 0.0000000567 'W/m2.E"4

@ 12 concentric_spheres = (sigma * A 1 =% (T_1 "~ 4 - T 2 ~ 4)) i _
(1 /ep=s_1+ (i1 -eps_2) / eps_2) % (E_1/ E Z2) ™ 2)

End Function

Now, let us solve a few problems using these VBA Functions:

Prob.5.C.1.16. Consider the Prob.5.C.1.14 again. Solve it with EXCEL.

(b) Plot the variation of Q12 with elwhen €1 varies from 0.1 to 0.9 and (c) also, plot the variation of
Q12 with T1 when T1 varies from 800 K to 1300 K.

EXCEL Solution:
We have:
T,= 1000 K
€,= 0.25 .
A, =628m"
E=1m T 7= 700 K
.= 0.5
A =314m"

Fig.Prob.5.C.1.16

We have already shown that:

Al =6.283 m~2, A2 = 3.142 mA2,

el =0.25,e2 =0.5,

53
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T1=1000 K, T2 = 700 K, and

View factor, F12 = 0.5

Set up the EXCEL worksheet as shown:

exchange between gray surfaces

The simple EXCEL worksheet shown above uses the VBA Function for Q12 for a general, two-surface

enclosure, written earlier (available in ‘User Defined’ category of Functions).

See the Formula bar for the Function entered for Q12 in cell HS8.

EXPERIENCE THE POW

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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Note the advantage of this EXCEL spreadsheet: Above worksheet can be used as a template to solve

any two-surface enclosure problem. Simply enter the relevant quantities from cell B8 to G8, and Q12 is
immediately up-dated in cell H8.

(b) To plot Q12 against €1, all other conditions remaining the same:

First, set up a Table as shown:

In the above, note that Q12 is calculated in cell C12 using the VBA Function. Take care to enter epsilonl
with relative reference, all other quantities are with absolute reference, so that when we drag-copy from

cell C12 to cell C20, Q12 values are suitably calculated and the Table is filled up. See below:
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Q12 vs epsilonl

70

&0

50

Thousands

40

30

20

10

Met heat transfer, Q12 (W)

a1

0.3 0.5

emissivity of hot surface, epsilonl

a7 a.g

(c) Now, plot Q12 vs T1, all other conditions remaining the same:

First, set up a Table as shown:

56
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In the above, note that Q12 is calculated in cell C25 using the VBA Function. Take care to enter T1 with
relative reference, all other quantities are with absolute reference, so that when we drag-copy from cell
C25 to cell C35, Q12 values are suitably calculated and the Table is filled up. See below:

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

\7\‘ PDF components for PHP developers

www.setasign.com
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Now, plot the results:

Ql2vs T1

140 -
120 -
100 -

Thousands

RO -
60 -
40 -

20 A

Met heat transfer, Q12 (W)

I:l T T T T 1
800 N 1000 1100 1200 1300

Temp. T1 (K)

Prob.5.C.1.17. Determine the rate of heat loss by radiation from a steel tube of outside dia 70 mm and
3 m long at a temp of 227 C if the tube is located within a square brick conduit of 0.3 m side and at
27 C. Take for steel €1 = 0.79 and for brick, €2 = 0.93. [P.U. 1998]

EXCEL Solution:

We have: 1 is inner surface and 2 is outer surface:

Length =3 m

T1 =227 +273 =500 K

T2 =27 +273 =300 K

el =0.79

€2=0.93

Al =m*0.07*3=0.659734 m"2

A2 = Perimeter * Length = (0.3 * 4) * 3 = 3.6 m/"2

F12 =1, since surface 1 is completely enclosed in 2.
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Now, use the EXCEL Template prepared while solving the previous Problem.

Entering the above values of data, we get:

i.e. Q12 =1590.27 W .... Ans.

Again, note the advantage of working with EXCEL spreadsheet:

Variation of Q12 with epsilonl and T1, in Tables and plots are immediately up-dated, as shown below:

T Q12 vs epsilonl
0.1 203.213 - . 2
0.2 405.868 E- E
0.3 607.965 g & 157
0.4 809.500 é (= .
0.5 1010.500 2
0.6 1210.941 b 05 -
0.7 1410.834 2
0.8 1610.182 E 0 . . : i
0.9 1808.987 0l 0.3 0.5 a.7 0.9
emissivity of hot surface, epsiloni
59
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And:

T 1(K) Q_12 (W/mn2)
200 11737.023 Ql2vsT1
250 15022.987 50
900 18942.941 £ % =0
950 23573.620 8 8 o
-
1000 28906.146 S 2 en
- -
1050 35206.026 £ 50
1100 42563.150 g 40
1150 50891.796 5 30
1200 60380.623 = 20
o
1250 71132.678 z 1;'
1300 83255.393
800 200 1000 1100 1200 1300
Temp. T1 (K)

Prob.5.C.1.18. Two very large plates are maintained at T1 = 600 K and T2 = 400 K. Emissivities are:

epsilonl = 0.5 and epsilon2 = 0.9. Determine the net radiation heat transfer between the plates.

(b) Also, plot Q12 as el varies from 0.1 to 0.9, all other conditions remaining the same.
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(c) And, plot Q12 as T1 varies from 500 K to 1000 K, all other conditions remaining the same.[Ref:2]

T,
£

T

/s

Fig. Two infinitely large parallel plates

EXCEL Solution:

We shall use the VBA Function written above for Q12 for, infinite, parallel plates (available in ‘User

Defined’ category of Functions).

Set up the EXCEL worksheet as shown:

Note that Q12 is calculated in cell C55 and the VBA Function used can be seen in the Formula bar.
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Thus: Q12 = 2793.22 W/mA2 .... Ans.
(b) Also, plot Q12 as €1 varies from 0.1 to 0.9, all other conditions remaining the same:

First, set up a Table as shown:

In the above, note that Q12 is calculated in cell C60 using the VBA Function. Take care to enter epsilonl
with relative reference, all other quantities are with absolute reference, so that when we drag-copy from
cell C60 to cell C68, Q12 values are suitably calculated and the Table is filled up. See below:
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Now, plot the results:

Q12 vs epsilonl

000

5000

4000

3000 -

2000

1000

Met heat transfer, Q12 (Wfm"2)

01 0.2 0.3 04 0.5 0.6 Q.7 0.8 ag

Emissivity, epsilonl

360°
thinking.

Deloitte.

Discover the truth at www.deloitte.ca/careers © Deloitte & Touche LLP and affiiated entities.
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(c) And, plot Q12 as T1 varies from 500 K to 1000 K, all other conditions remaining the same:

First, set up a Table as shown below:

In the above, note that Q12 is calculated in cell C77 using the VBA Function. Take care to enter T1 with
relative reference, all other quantities are with absolute reference, so that when we drag-copy from cell
C77 to cell C87, Q12 values are suitably calculated and the Table is filled up. See below:
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Now, plot the results:

Ql12vs T1

30000
25000 -~
20000
153000
10000

5000

l:l T T T T 1
500 600 700 800 200 10040

Met heat transfer, Q12 (W/m"2)

Temp. T1 (K]

Prob.5.C.1.19. Consider a water tank of size: 2 m (L) x 1 m (W) x Im (H), at a temperature of 30 C,
which radiates from its sides and sides to surroundings at 5 C. Emissivity of tank surfaces is 0.9. Calculate
the rate of heat radiation from the tank to the surroundings.

(b) Investigate the effect of emissivity of tank surface on the heat radiation rate. Let e vary from 0.1 to 0.9.

EXCEL Solution:

This is the case of a small object in large surroundings.

Use the VBA Function written earlier.
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Following is the worksheet:

Q12 is calculated in cell C103 using the VBA Function for a small object in large surroundings, written

earlier. See the Formula bar for the VBA Function entered in cell C103.

Thus: Q12 = 1002.67 W ... Ans.
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(b) Investigate the effect of emissivity of tank surface on the heat radiation rate. Let epsilonl vary
from 0.1 to 0.9:

First, set up a Table as shown:

In the above, note that Q12 is calculated in cell C108 using the VBA Function. Take care to enter epsilonl
with relative reference, all other quantities are with absolute reference, so that when we drag-copy from
cell C108 to cell C116, Q12 values are suitably calculated and the Table is filled up. See below:
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Now, plot the results:

Q_12vs epsilonl

1200

1000

800

£00

Q_12{W)

400

200

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8

epsilonl

Prob.5.C.1.20. Three thin-walled, 3 m long, hollow cylinders of radii 5 cm, 10 cm and 15 cm are
arranged concentrically. T1 = 1000 K and T3 = 300 K. Assuming epsilonl = epsilon2 = epsilon3 = 0.05
and vacuum in the spaces between the cylinders, calculate the steady state temp of cylindrical surface 2,

and the heat flow rate.

EXCEL Solution:

R1=0.05m T1=1000HK
el =0.05

R2=01m T12=7
e2 =0.05

Ri=015m T3=300K
el =10.05

Fig.Prob.5.C.1.20
We shall use the condition that in steady state, Q12 = Q23 to calculate the temp. T2.

VBA Function for infinite, concentric cylinders is already written and we use it to calculate Q12 and Q23.
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We also use Goal Seek in EXCEL to find T2 such that Q12 = Q23.

Following is the worksheet:

In the above worksheet, we have started with a trial value for T2 (= 400 K).

Calculate Q12 and Q23 using the VBA Functions for Infinitely long, concentric cylinders, written earlier.

( n»‘ia A)&Graduate
o {

Find out more and apply

redefining / standards

69 Click on the ad to read more

Download free eBooks at bookboon.com


http://s.bookboon.com/AXA

Formula bar shows the Function entered for Q12 in cell C140.

In steady state, Q12 should be equal to Q23. i.e. (Q12 - Q23)A2 = 0.i.e. cell C142 should be equal to

zero. But, now it is not equal to zero since we have started with an arbitrary, trial value for T2.

To find the correct value of T2:
Use Goal Seek to set (Q12 - Q23)A2 = 0, by changing T2, i.e. cell C138:

To apply Goal Seek: Go to: Data — What If analysis — Goal Seek:

Click on Goal Seek. We get following screen. Fill it up as shown:

Now, click OK and we get:

Goal Seek has found a solution.

Download free eBooks at bookboon.com



Again click OK to see value of T2 in cell C138:

Therefore:
In steady state, T2 = 775.443 K .... Ans.

Q12 =Q23=1156.49 W .... Ans.

5.C.2 Radiation energy exchange in 3-surface enclosures:

Prob. 5.C.2.1. Write Mathcad Functions for a general three-surface enclosures.

Recollect the schematic and Radiation network for a general 3-surface enclosure (shown below).

Here, for the 3 surfaces, area (al, A2, A3), Temperatures (T1, T2, T3) and emissivities (epsl, eps2, eps3)
are given. View Factors F12, F3 and F23 are either given or calculated. We have to find out the three

Radiosities, and the rate of heat transfers.

The procedure is:

i) Apply Kirchoff’s Law to the three nodes to get three algebraic equations. Here, it is important
to assume that the (heat) current flow is into the node. The signs adjust themselves while
solving for Radiosities.

ii) Now, we write a Function to solve for the Radiosities J1, J2 and J3 with ‘Solve Block’ of Mathcad.

iii) Then, we use this Function in another Mathcad Function to get the values of heat transferred

from each surface and between any two surfaces.
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Writing Kirchoff’s Law to Nodes J1, J2:

— 1 — T —
Ebl-11 . -1 . -1 =0  for node J1
El Ri12 El13
1-1 - nBn-n
Ep2-R n-n B-»_, _._for node J2
R2 Ri12 B23
T _ T2 _ 12 T _ T2
Ebi - I3 . n-13 . I2-13 =0  for node J3

B3 R13 B23

Now, write a Function to solve for J1, J2 and J3 using ‘Solve Block’ of Mathcad:

= 1000 I2 = 1000 I3 = 1000 .. Guess values of Radiosities
(ven
—_ 7T — T —
Ebl J1+L J1+JJ J1=I}  for node J1
Rl R12 R13
-1 -1 1_I2
Ep2-R n-n B-R_, _._for node J2
B2 R12 E23
- —_ ] —_ ] 'J —_ ]
Ebi-1I3 . n-1s . 2-13 =0  for node J3

B3 R13 B23

Radiosities{Eb1, Eb2, Eb3_R1,R2_R3,R12,R13_R23) = Find(J1,12,13)
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Use the above Function in another Function to calculate the heat transfers:

1 - =psl)
HTeansfr Thees surBes snclosuss A1 AT AS T1.T2.T3 epsl.epsl &ped F121 F13 FI3) tm |El & - =

Al-gpsl

I« Radiosities| Eb] Eb En3 R1 F2 B3 RI12 R13 R23)
T« M,

J2 4—3]1
I3« M,

J1-J1

QL2
R12

CQLWY QLAWY QIS QLW QWY G
HTwansfr « | . . P ~ v e |
QL2 Q13 Q23 Q1 Q2 QB

In the above program:

Inputs: Areas, Temps, emissivities and View Factors, as shown above.

Ouputs: Q1, Q2, Q3 (i.e. heat transfer to/from each surface) and Q12, Q13, Q23 (i.e. net heat transfer

between respective surfaces)

On the LHS we have the Function statement.

On RHS:

Lines 1,2,3: calculate the three ‘surface resistances’

Lines 4,5,6: calculate the three ‘space resistances’

Lines 7,8,9: calculate the Emissive powers of three surfaces
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Line 10: use the Function, written above, to get three Radiosities J1, ]2 and J3 in vector M

Lines 11,12,13: extract the values of J1,J2 and J3

Lines 14,15,16: calculate the various heat transfers

Line 17: return the calculated values in a Matrix

Let us work out a problem using the above Function:

Prob. 5.C.2.2. Consider a cylindrical furnace with R = 1 m, L = 1.25 m as shown. Emissivities and
temperatures of surfaces 1, 2 and 3 are: epsl = 0.8, eps2 = 0.3, eps3 = 0.9, T1 = 750 K, T2 = 450 K and
T3 = 400 K respectively. Determine the net rate of radiation to / from each surface.

(b) If surface 3 is black, what are the values of Q1, Q2 and Q3?

(c) For the case (a) plot the variation of Q13 as emissivity of surface 3 varies from 0.1 to 1.

Mathcad Solution:

This is a general, three-surface enclosure, for which the electrical network and the Mathcad

Function are written above.
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Data:
E=1m L=125m epsl =08 eps2:=03 epsi =09

T1 =750 K T2 =450 K T3 =400 K

Calculations:
Al = '.'l:-]i‘2 =3 Al=3142 m2
; . 2 1 ; A
Al =1mR e Ar=3142 m2
A =23RL le A3 =7854 mh2

Now, we need View Factors: F12, F13 and F23:

Use the Mathcad Function for View factors for parallel disks, already written:

ﬁ business
> school 9 3%

OF MIM STUDENTS ARE
WORKING IN THEIR SECTOR 3 MONTHS
FOLLOWING GRADUATI

MASTER IN MANAGEMENT

- STUDY IN THE CENTER'OFMADRID"AND TAKESADVANTAGE OF THESUNIQUEOPPORTUNITIES
THAT THE CAPHAEOESPAIN'OFEERS

+ PROPEL YOUR EDUCATION BY EARNING A DOUBLE DEGREE THAT BEST SUITS YOUR
PROFESSIONAEGOAES

- STUDY A SEMESTER'ABROAD AND BECOME"A GLOBAL CITIZEN'WITH THE'BEYOND BORDERS
EXPERIENCE

Length: 10 MONTHS

Av. Experience: 1 YEAR
Language: ENGLISH['SPANISH:
Format: FULL-TIME

Intakes: SEPT | FEB

IN CLASS

5 SPECIALIZATIONS #10 WORLDWIDE ' 55 NATIONALITIES

MASTER IN MANAGEMENT
PERSONALIZE YOUR PROGRAM W

www.ie.edu/master-management | mim.admissions@ieedu | @ © Follow us on IE MIM Experience

76 Click on the ad to read more

Download free eBooks at bookboon.com


http://s.bookboon.com/MIMEnglish

Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

Recollect:

...View factor for coaxial parallel disks:

Define:
1 R]:
Ii IJ' . + b
R‘i_ E R]'— E S|R1B]:' =1+ B
R;
1
2
F 1= Lls -5 o 5‘ R]“'-‘ View factor for coaxial parallel disks
§RoR) = 7| SRRy - | SRR -4 || p
Then, with the above notations:
24 24
STTONTT
F12 = Fy(R;.Ry)
e, F12=10307  ...\iew factor from top surface 1 to bottom surface 2
And,
Fl1+ Fi2+Fl3=1 .... by summation rule for surface 1

But, Fil =0 ..since surface 1is Flat

Therefare: F13=1-FI12

e, F13= 04693 ....\liew factor from top surface 1 to side surfaces 3

And, by symmetry:  F23 = F13

Now, use the Mathcad Function for general, three-surface enclosure:

77

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

=3

Ql = Hl'ra.nsfer_'['h.reE_su.tfau:e_enu:lnsure[_—‘5.1_._—‘5_7_._—‘5.3_.1'1_.1'2_.1'3_.eps1_.epsE_.epsS_.l-'lE_.l-'lS_.l-'Ei}l 3

4

or  Ql=3797% 10 W.... heat Jeaving surface 1 .... Ans.

And:

Q2= Hl'ra.tlsfer_l‘h.tee_su:fau:e_enu:lnsu.re(.—‘11,._-‘5_7_._—‘*..3_.1'1,1'2_.1'3_.epsl,epsE,epsi,FlE,FlS,Hi}l 1

or: Q2=-3383% 10"  W.... heat.info surface 2.... Ans.

Q3= HTransf'er_Th.reE_su.tfau:e_enu:lnsu:re[_—"x.l_._—‘5_3_._—‘5.3_.1'1_.1'2_.1'3_.&1::51_.EpsE_.epsi_.FlE__l-'li_.FES}l 5

orr Q3= -3437x 1[||4 W.... heat into surface J....Ans.

Check: algebraic sum of Q1+Q2+Q3 should be equal to zero:

e Ql+ Q2+ Q3=-1455x 10 i ..very nearly equal to zero...Checks.

Note: In the results of the above Function, heat transfer between surfaces, i.e. @12, @13 and
223 are also available.

(b) If the surface 3 is black, i.e. eps3 = 1:

We have, for surface 3, eps3 = 1. However, if we put eps3 = 1, looking at the Function, we see
that R3 will be 0/0, i.e. indeterminate.

To overcome this problem, we write: eps3 = 0.9999, i_.e. almost equal to 1, and we get
sufficiently accurate results:

So, we write:  eps3 = 09999

MNow, use the Mathcad Function for general, three-surface enclosure:

[rQuWY QIO UGBV QUWY QW) "BW) )

HTransfer_Three surface enclosure(Al, A2, A3 T1,T2, T3, epsl.eps2,eps3, FI2 F13,F23) = | 5 4 3 4 3 4
L0886 % 107 2013 % 107 6834 x 100 30023 107 -3.052x 107 3396 107/

ie.

Q1= HTransfer_Th.reE_su.tfau:e_enu:losure[_—‘il,_—‘5_7'_._—&3_.1'1,1'2_.1'3_.epsl_.epsE_.epsS_.l-'lE_.l-'lS_.l-'ES}l 3

4

or  Q1=3002% 10  W.... heat leaving surface 1 .... Ans.
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And:
2 = HTransfer Three swface enclosure{Al A2 A3 T1, T2, T3 epsl.eps2, eps3 F12,F153.F2
or: Q2 =-3052% 10" W.... heat_into surface 2.... Ans.

(33 = HTransfer Three swface enclosure{Al A2 A3 T1 T2 T3 epsl,eps2 epsi F12,F13,F23

or Q3 =-3.506 = 1|}4 W.... heat into surface 3....Ans.

Check: algebraic sum of Q1+Q2+03 should be equal to zero:

ie. QL+ Q2+ Q3=-7383x 10_9 ..very nearly equal to zero...Checks.

Mote: In the results of the above Function, heat transfer between surfaces, i.e. @12, @13 and
223 are also available.
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(c) For the case (a), plot the variation of Q1 and Q13 as emissivity of surface 3 varies from 0.1 to
1:

Define the relevant quantities as functions of eps3:
Then:

Ql{eps3) = HIransfer Three surface enclosure{Al A2 A3 T1,T2. T3 epsl,eps2.eps3 F12,F13 F23), 3

Q12{eps3) = HIransfer Three sutface enclosure{Al A2 A3 T1 T2 T3 epsl.eps2, eps3 FI12 F13 F23),

[=1

eps3=(0.1 02 03 04 03 06 0.7 08 02 029¢) _..define a vector of eps3 values

(Note that we have put eps3 = 0.999 instead of 1, to avoid dividing 0 by 0, as explained earlier).

Compute the Table:

0 0 0

o 04 0 |1.828104 0| 661102

1| o2 1 | 2.299-104 1 [7.353102

2| o032 2 | 266104 2 | 7.925102

_ 2] o4 ; T |3 ]294810¢| T |3]837810°
epsi- =[4| 05 \Ql(eps3)) =[4 |318110¢4| 'QL2eps3)) =[4 |8747-102
5| o086 5 | 3.374104 5 [9.053-102

6| 07 6 | 2537104 6 [9.311-102

7| o8 7 | 2677104 7| 9.53102

a|l o9 8 [2.797104 g | 972102

g [0.999 9 | 3.901-10% 9 [9.884-102

Plot the graphs:
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Heat transfer, Q1 vs epsilon3

: —
e

o 01 02 03 04 03 06 07 08 08 1
epsilon]

Heat transfer, (12 vs epsilon3

!_l_,-"’

3500

8000

D12 (W)

1500

1000

6300

g o¢1 ©02 03 04 05 06 07 08 09 1
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Prob. 5.C.2.3.Two parallel plates, 0.5 m x 1 m each, are spaced 0.5 m apart. The plates are at temperatures
of 1000 C and 500 C and their emissivities are 0.2 and 0.5 respectively. The plates are located in a large
room, the walls of which are at 27 C. The surfaces of the plates facing each other only exchange heat
by radiation. Determine the rates of heat lost by each plate and heat gain of the walls by radiation. Use
radiation network for solution. Assume shape factor between parallel plates: F12 = F21 = 0.285. [M.U.
1996]

(b) In addition, plot Q1 and Q12 against €1, for 0.1 < €1 < 0.9.
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Surface 1.
ALe=012,
T,=1000C

-«

Surface 2,

A, e,=05,

T,=500C o 0.5 m Surrounding room (surface-3),
T,=27TC. A;>> (A .A)

E : 2 Ey
Qi g MAAY —ed—Q,=-Q

Ri=(1-€)/(A € )

Ri=(1-6)/(Az€;)

Ru:l’-(aﬂil-PE )
Fig (b) R ;=V(A F;)
R,=l(A,Fy)

Fig. Prob.5.C.2.3

Mathcad Solution:
This type of problem is very popular with examiners in the University Question Papers.

Let the plate surfaces be designated as 1 and 2, and the surroundings as 3.

The schematic fig for this three surface enclosure and the Radiation network is shown in the Fig.(a)

and (b) below.

We shall first solve this problem in the usual way, from fundamentals.
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Then, we shall verify the results using the Mathcad Function for general, three-surface enclosure written

earlier.
Since the area A3 of the room is very large, we can take the surface resistance of A3 as equal to zero.

1—=3

=0

Azeg

This means that Eb3 = J3, i.e. a large room is equivalent to a black surface.

Data:
A;=05 m? area of surface 1 A, =05 m? area of surface 2
T; = 1000 + 273 K. temp. of suface 1 T, =3500+273 K. .temp. of surface 2
T; =27+273 K.temp. of surface 3 (i.e. room)
2y =02 _emissiity of surface 1 5, =03 emissiity of surace 2

F;, =0285 . view factor of surface 1 w.rt. surface 2

Fyq = 0283 __view factor of surface 2 wort. surface 1

o= 36710 ° Wiim2 K).._Stefan-Boltzmann const.

Calculations:

Mow, Fyy+Fj;+Fj3=1 -..by summation rule

But, Fiy=10 _.since surface 1is flat and can not 'see’ itself.

Therefore, Fy;+ Fy3=1

.!‘E".ﬂd. ].'_13 =1- }_12

e, Fy3=0715  ..view factor of surface 1 w.rt. surface 3
Similarly,  Fy3 = 0713 _..view factor of surface 2 w.rt. surface 3
84
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Resistances:

1—81

_51.1'81

1—82

_J'J.j'Ej

Heat lost by each surface:

and,

Epi— T
QI_R—I
Epa—1

= —

= T.018

= 2797

Electrical network method & Radiation energy
exchange between gray surfaces

m=._..surface resistance of surface 1

m=._..surface resistance of surface 2

m-2.___space resistance between surfaces 1
and 2

m-2.___space resistance between surfaces 1
and 3

m-2.__space resistance between surfags 2
and 3

= heat lost by surface 1

= heat lost by surface 2

And, heat gain by surface 3:

Q3 + Qo
-1 L-T
+
B3 Raz

Therefore, the problem reduces to calculating the radiosities, J1, J» and J3.

85
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To calculate the radiosities J1 and J,, apply Kirchoff’s law of electric circuits to nodes J and J5:

Epr-T1 Hh-Jp By
+ + =

Hode J1: 0 ....eqn. (a}
-1 31— 1 1 -1
NodeJo: L2 F3Th F2th _eqn. (b)
Ep s By
Emissive powers:
Epq = 5-1"14 ie. Eyq= 1480 x 10° Wim2.._for surface 1
4 . 4 0
Eyp =0Ty I.e. Eyp=2024x 10 Wim<e_._ _for surface 2
Eps = 5-1"34 e Epy= 43927 Wim2._far surface 3

Note that: ], =E,; . .forthe large room

American online
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To get Jy and Jo, solve eqns. (a) and (b) simultaneously. To do this, we shall use "Solve block’
of Mathcad.

First, choose trial {or, guess) values for J, and J-. Then, immediately after 'Given’, write the

constraints. viz. eqns. (a) and (b). Now. type Find {J,.J5) =", and the result appears immediately:

Iy =100 =100 .. trialvalues

Given

f 4%
_ . 133476 10" |
| 15057 % 107 )

e I = 33476 1I:I"_1 Wim2

and, Ty = 1.5057- 1I}4 Wim2

Therefore,

Heat lost by each surface:

B0

Qs -
1 Ry

e,  Qp=1443x 1[||"1 VW = heat lost by surface 1...Ans.

Epa— 1
and ="
Qs %
ie Qy = 2394 x 1|:||3 W = heat lost by surface 2...Ans.
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Mow, heat lost by both surfaces 1 and 2 is gained by the surroundings; so, heat gained by
surroundings = Q, = Q, + Oy

e Q3=+

-3 Qz= 1702 x 1[|-"1 VW = heat gained by surface 3...Ans.

Verify:

We have: Qs :

e, Qy=1702x 1|}4 W = heat gained by surface 3...verified.

Now, let us solve the above problem using the Mathcad Function:

We have the data:

A =05 m2...area of surface 1 A =05 m2 . _area of surface 2

= 1000 + 273 K. temp. ofsurface 1 T, =300+ 273 K. .temp. of surface 2

s
[

T.=27+273 K. _temp. of surface 3 (i.e. room)

=103 __emissivity of surface 2

et

gy =02  ..emissiity of surface 1 z

Fyy = 0285 . .view factor of surface 1 w.rt. surface 2

Fyy = 0285 . .view factor of surface 2 w.rt. surface 1

=0715 _.view factor of surface 1 w.rt. surface 3

T .
a

Fy

Far a very large, (black) surrouding, we write:

Aj= 106 m"2..._ i.e. a very large value
25 = 00999 __for a Black body. emissivity = 1. but we take it as 0.9333 to avoid
division by zero, as explained earlier.
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Then, applying the Mathcad Function for a general, three-surface enclosure:

HTransfer Three surface enclo su.re{._-'-‘s.l ,_-'-'12,_-'313 . Tl =T2= T3 :81:87.83 =F12 ’F13 ’FEEI} =

_III-'IIQI.EF{:“. " “(?13(“ n Ilazjm. n I'le. n |'Q2{“. n IIQE(“. n "|

]\52.625 ® 11}3 118 = l'IZI';l 3219 % 11}3 14453 = 104 2504« 11}3 -1.702 = 11}4;
e, Ql= 1_443-11}3 W....Ans.
Q2= 2350 11}3 W....Ans.

Q3= -1702. 11}3 W...Ans....negative sign indicates that heat is gained by the

surface 3, i.e. the surroundings.
i.e. We get practically the same results, as obtained earlier.
Note how easy it is to solve this problem with the Mathcad Function.

Also, note that we have obtained the values for other heat transfer quantities, i.e. Q12 between surfaces

1 and 2, Q13 between surfaces 1 and 3, and Q23 between surfaces 2 and 3.
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In addition:
Plot the variation of Q1, Q12 as el varies from 0.1 to 0.9:

2y =101,02.09 ....define a range variable

Write @1, @212 as functions of 21:

Ql{al: = EIrmsfer_Ihree_su.tface_enu:lnsure{_—";l_._—‘L_w__._—‘13_.I1_.I_w__.Is,al,a_w_,as__Fl_w_,Fls__E_w_s: 1.3

Qll{all = IIrmsfer_Ihree_su.tface_enu:lnsure{_—";l_._—‘L_w__._—‘13_.I1_.I_w__.Is,al,a_w_,as__Fl_w_,Fls__E_w_s:'___3

Now, compute the Table:

2y = Qle) = Q12fzy) =
0.1 7244103 794817
0.2 1.443-104 2.625-102
0.3 2.155-104 4.439-103
0.4 2.86210+ §.239-102
0.5 3.562-104 8.023-102
0.6 4 257104 9.793-102
0.7 4 946-104 1.155-104
0.8 5.629-104 1.329-10%
0.4 6.307-104 1.502-104
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And, plot the results:

Qilz) .
Q12(z(.5-

..... 3.

10

01, QL2 (W) vs epsilonl

0 01 02 03 04 05 06 07 03
!
----- Q12

Prob. 5.C.2.4.Two parallel plates of size

Electrical network method & Radiation energy
exchange between gray surfaces

1 m x 1 m are spaced 0.5 m apart and are located in a very

large room, the walls of which are maintained at a temp of 27 C. One plate is maintained at a temp of

900 C and the other at 400 C. Their emissivities are 0.2 and 0.5 respectively. If the plates exchange heat

between themselves and surroundings, find the net heat transfer to each plate and to the room. Consider
only the plate surfaces facing each other. [VTU - M.Tech. - Dec. 2009-Jan. 2010](b) In addition, plot
Q1 and Q12 against €1, for 0.1 < €1 < 0.9.

Mathcad Solution:

This problem is identical to the previous problem.

21
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We shall quickly solve it using the Mathcad Function for general, three-surface enclosure:

We have the data:

Ap=1 m?...area of suface 1 A, =1 m®_ areaofsuface2 L=05 m

T, =400+ 273 K. temp. of suface 2

= 800 + 273 K..temp. of surface 1

s
|

Ty =27+ 273 k.. temp. of surface 3 (i.e. room}

2y =102 _.emissivity of surface 1 g, =05 .emissivity of surface 2

For a very large, (black) surrouding, we write:

Ar = 106 m"2.... i.e. a very large value

- =
a

...for a Black body. emissivity = 1, but we take it as 0.9999 to avoid

gq = 0.9999
division by zero, as explained earlier.
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Now, we need the View factors F12, F13 and F23:

We can use the graphs, or use the Mathcad Function for View Factor between parallel, coaxial plates,

written earlier.
Let us recollect the Mathcad Function:

Geometry:

X
F12_parallel rectangles{H. ¥V, L) = |XXK < I
v
Y «— —
L
2
Ae ——
m- XYY
1+ 3+ v
B«

1+ 3 + Y%
1

2)° XX
€ X011+ 77 -atan 1
1+ vy
1
A% T vy
D« vv-l1+ xx°! -atan 1
1+ 300

E « XX-atan(XX)

Fi« A(B+C+D-E-F)

93
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Then: F12 = F12 parallel rectangles(1,1.0.5)

iLe. F12=0415 ..View Factor from surface 1 to surface 2

Also, from Summation rule for surface 1:

FIl+F12+Fli=1

But, Fiil=10 ..since it is a Flat surface

Therefore: F13:=1- F12

ie. Fi13= 0383 ...\fiew Factor from surface 1 to surface 3

Then, by symmetery:  F23 =F13 ..\iew Factor from surface 2 to surface 3

Now, invoke the Mathcad Function to get various heat transfers:

Hl'ransfer_I'h.rEE_su.tface_enclnsu.re[_—‘11 _._—‘5.2 _._—‘13__1'1 -TE-TS :21.87.83 JF12,F13 F23) =

("QuEW)" | "QIW)' QLW QUW)' "QUW)' "Q3(W)' )

L5891 % 107 14592 x 10% 62961 % 10° 20183 % 107 2051572 —2.0888 x 1u4j

ie. Ol = 20483 W....heat leaving surface 1....Ans.

0= 4051572 W....heat leaving surface 2....Ans.

Q3 = 20888 W....heat coming into surface 3....Ans....
....... negative ign indicates heat in to the surface.

(b) In addition, plot Q1 and Q12 against €1, for 0.1 < €1 < 0.9:

2y =101,02.0%  ..define arange variable

Write @1, @12 as functions of =1:

94
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Q1(zy) = HTransfer_Three_swface_enclosure( Ay, Ay, A3 T1.T7.T5.2q.89.25.F12.F13 F23); 3

Q12(zy | = HTransfer_Three_surface_enclosure( Ay.A5.44.Ty.T7.T5.5y.29.25.F12,F13.F23)1

Now, compute the Table:

2y = Qlfzy) = Q12zy) =

0.1 1.0237-104 22377102
0.2 20483104 5891102
0.3 3.0442-104 Q47721032
0.4 4022104 1.2998-104
0.5 49822104 1.6456-104
0.6 5.0253104 1.9851-104
0.7 B.8517-104 23187104
0.8 T.7618104 2 6464104
0.9 B ERE-104 2. 0/84-104
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And, plot the results:

: Q1 Q12 W) vs epsilonl

g o1 02 03 04 03 06 07 08 09 1

Prob. 5.C.2.5.Consider two special cases of 3-surface enclosures, viz.

i. Two black surfaces, connected by a third refractory surface, and

ii. Two gray surfaces, surrounded by a third re-radiating surface

26
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Let us write Mathcad Functions for both the above cases:

Case 1: Two black surfaces connected by a reradiating surface: ex: top and bottom
surfaces of a cylindrical furnce and its reradiating walls: (Qg=0, E_g = Jg)

E =1] E_=1]

bl 1 hi 2
RIE! :;

Re R R, =1/(AF,,)
Rip=1/(AFr)
Ewp=Jr Rpp=1/(AF )

Fig.(a)

E, =17, Riz Ew =15

. FAYAYAVAVAN &
f&f\fvhf\_'_/W\/\/J
R JR Ry

Fig.(b)

Fig. (a) shows the radiation network for this case. The radiation network is drawn very easily by
remembering the usual principles: for a black surface, the surface resistance is zero, i.e. E, = J. For a re-
radiating surface too, E =7 further, for a re-radiating surface, Q = 0. Between two given surfaces, the
radiosity potentials are connected by the respective space resistances, as shown. The system reduces to

a series-parallel circuit of resistances as shown in Fig. (b).

Q,, is the net radiant heat transferred between surfaces 1 and 2.

TR is the temp of re-radiating surface.
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Q12_TwoBlack OneFerad{Al A2 FI2 FIR . F2E . T1.T2) =

Electrical network method & Radiation energy
exchange between gray surfaces

1

R12 «
ALF12
1
RIR «
ALFIR
1
B2R «
ALFIR
Ebl « 56710 S.T1
Eb2 « 567107 T2
. -1
1 1 A
Btot+~— | — + ———— |
\R12 RIR +RIR
Ebl — Eb2
012 e ———=
Btot
Ebl . Eb2
RIRE RIR
TR e — =
1 1
—_— + —_—
FIE EIRE
| 1 A
QIR « (Ebl - JR):| — + ————— |
\RIE  RI2+RIE
1 1 A
QF. « (Eb2 - R):| — + ————— |
\R2E  RI2+RIE
. 023
U - S
I'R <._ ] S 1
56710 )
!r"qul[.—‘v}u “QIR[:‘RT}H “Q-_J,Rl:‘uv}n “TR[.IC}“H"_
L on QIR Q2R I

Case 2. Two gray surfaces surrounded by a third reradiating surface: ex: top and
bottom surfaces of a cylindrical furnce and its reradiating walls, or an equilateral duct

etc.:

Mote: For reradiating surface 3. Q, = 0, B3 = J,

28
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Surface 1, Surface 2,
.'.‘I'-"Ll, g]_ JT]. "eli""'j 32:I'I|2

Fe-radiating surface 3,

. Q5=
Fig (a) i
Eiq
En) i Q1z I, —» Ey
Q1—)r.—N\RMf —ad— (O,
1 2
Q13\ Un p.=l-d
//." .n.éilE].
Eis - R23 g
J3= By Ry=——
&qd
Q3=D 1
Rlz-ﬁ =
_ 1F 12
Fig.(h) {
RRERrw-
1F13
1
Fgs=
#9F o3

Here, we have:

Q3=0

i.e. Eb37 J3_0

1*83

Ageg

Eps=ls

i.e. once the radiosity of the re-radiating surface is known, its temperature can easily be calculated, since

E,, = 6.T,". Further, note that T, is independent of the emissivity of surface 3.
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Q12_Twolksy_OneRerzd| A1, A2 F12,F13,F23 2psl 202 T1.T2) 2=

Electrical network method & Radiation energy
exchange between gray surfaces

1
Al-Fl12
1
Al-Fl13
1

—
ALFI3
1 - epsl
-_—
Al-zpzl

RI2+«

Rl13 «—

23

Rl

1 - epsl
—

-

Etl < 5.67.10° 11t

Et2 < 5.67-100 T2t
Qie 0

Riot «— R1 + {

1
\ R12
- 3
Qle— Ebl - Eb2
Riot
Q2 «— Q1
J1 + Ebl - Q1-E1
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Prob. 5.C.2.6. Two black discs, each of 500 mm dia, are placed directly opposite at a distance 1 m apart.
The discs are maintained at 1000 K and 500 K respectively. Calculate the hat flow between the discs if

they are connected by a cylindrical refractory surface. [P.U.]

(b) Also, plot Q12 against T1.
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Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

Mathcad Solution:

Al =R~ e Al=07854 mt2
-'I .

Al =g R" e, A2=07854 m"d

As=2zRL e A3=31416 mt2

Now, we need View Factors: F12, F13 and F23:

Use the Mathcad Function for View factors for parallel disks, already written:

...View factor for coaxial parallel disks:

Define:
.
5 ; . 1+ R]-‘
B;= E E]-: E S|R.1B]:l =1+ Rl:
1
3
L1 - 2 (R . : ,
Fij'_Ei-'Rj_:' = o S|_R1-__Rj_:n - S|_R1-__Rj_:l - Jf-i EU -..View factor for coaxial parallel disks
101
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Then, with the above notations:

R R
STTONTL
F12 = Fy(Ry.Ry)

e,  Fl12=01716 ....\iew factor from top surface 1 to bottom surface 2

And,

FI1+F12+FilE=1 ... by summation rule for surface 1

But, Fil =0 ..since surface 1is Flat

Therefore: FIE =1-F12

ie.  FIR =0828¢  ...View factor from top surface 1 to side surfaces 3

By symmetry:  FIR =FIR

Now, use the Mathcad Function for two black surfaces, connected by a re-radiating surface:
[ QW) "QIR(W)"  "QIR(W)"  "TRE)"

Q12 _TwoBlack OneRerad(A1,A2 F12 FIR FIR T1,T2) = . . . |
\ 24456 % 107 2026 100 —2.026x 10 853.7382 )

012 = 24456 W....Net radn. between surfaces 1 and 2 .... Ans.

TR = 835374 K....temp. of Rearadiating surface .... Ans.

(b) Also, plot Q12, TR against T1 as T1 varies from 600 K to 1300 K:

T1:=600,650..1300  ....define a range vanahle

QI TL) = Q12_TwoBlack OneRerad{Al, - ?,}'IE,FIR__HR__TI__H}I 0 _define Q12 as a
7 function of T1

TR({T1) = Q12_1'“'nBlau:k_DneRerad[_—‘5.1_._—‘5_3,FIE,FIR,FER,TI__TE}I 3 ...define TR, as a function
Toof T
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TR(T1) =

586.704

588.1821

623.677

658,744

697.0292

735.2581

7742199

813.7541

853.7382

894.0787

8347034

9755566

1.0166-10=

1.0878102

Electrical network method & Radiation energy

exchange between gray surfaces

Compute the Table:

Tl = QIATL) =
600 1.7504-10=
650 3.0262102
700 4.6329-10
750 .6235102
800 9.0545-10=
850 1.1987-104
800 1.5485-104
850 1.9617-104

1000 2.4456-104

1050 3.0078104

1100 3.6563-104

1150 43995104

1200 5.2462-104

1250 §.2057-104

13200 7.2875-104

1.0891-10=

Iy
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And, plot the results:

Electrical network method & Radiation energy
exchange between gray surfaces

Q12 (W) vs T1(K)

6-10

5-10

/

12(T1
Q_E }4-1[!'

(]

10

d—ﬂ—""ﬂ_rﬂ_ﬂf

Dﬁ[!'D 00 300

Q00 1000

T1

11000 1200 1300 1400

TR (K) vs T1 (K)

1200

1100

1000

G00
TR(T1)
300

100

600

300

400

600 70D 800

Q00 1000

T1

1100 1200 1300 1400

Prob. 5.C.2.7. Solve the above Problem if the emissivities of top and bottom disks are 0.8 and 0.4

respectively. Rest of the data are the same.

Mathcad Solution:

This is the case of two gray surfaces surrounded by a re-radiating surface.

So, we shall use the Mathcad Function written above.
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E=03m L=1 m epsl =08 eps2 =04

T1:= 1000 K T2=500 K

Calculations:

-

Al==FR" e Al=07834 m"2
Al = g.B" e, A2=07854 mtd
A3 =2zFRL e A3=31416 m"2

And: F12:=01716 FIR =0.8284 FIR =FIE  ..calculated in previous problem

Now, we use the Mathcad Function for two gray surfaces surrounded by a re-radiating surface:

(e W QEW) TR
Q12_TwoGray_OneRerad(Al A2 F12 FIR F2R epsl,eps2, T1,T2) = |

V12076 = 1|JI4 —1.2076 = 10'-_1 0 91—!-.9329j-

Qi= 12076 W....Met radn. at surface 1 .... Ans.

Q2= -Q1=-12076 W....Net radn. at surface 2 ..negative sign indicates heat flow_into the
surface.. Ans.

TE = 91493 K....temp. of Rearadiating surface .... Ans.

(b) Also, plot Q1 and T3 (i.e. temp of re-radiating surface) as T1 varies from 600 K to 1300 K, rest

of the conditions being the same:

Define Q1 as a function of T1:

QUTL = QlE_]’wnG‘ra}-'_DneRerad[_—‘i1___—‘5_3‘_.1-'12_.1-'1R_.l-'ER_.epsl_.epsE_.1'1__1'2}1 0

Define T3 as a function of T1:

T3(T1) = Q12_Twolray_OneBerad{Al.: 7_.1-'12_.1-'1R_.FEE__.Epsl_.Epsz_.Tl__l'E}l 3

T1:= 600,630 1300  ....define a range variable
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Electrical network method & Radiation energy
exchange between gray surfaces

Compute the Table:
Ti = QITI) = T3TL) =
600 864,246 5735056
&50 1.4943-102 f13.2966
700 22877102 F54.4171
750 3.2707-102 96.5168
200 44712102 730.3428
250 59191102 7827127
900 7 6464102 826 4046
950 9 6869-102 870.5917
1000 12076104 9140328
1050 14852104 950 4648
1100 18055104 1.0041-102
1150 21725104 1.049-103
1200 2 5006104 1.0929-102
1250 30644104 11388102
1300 35086104 11829102
And, plot the results:
. Q1 (W) vs T1(K)
410
3.5.10° /
310"
2510%
QI(T1) /
/a0
15-10*
1-10*
5000
600 700 80D 900 1000 1100 1200 1300
Tl
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T3 (K) vs T1(K)

1200

1100 /

1000

200
T3(T1)
800

100
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500

mﬂ) T00 800 900 1000 1100 1200 1300 1400

Tl
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Prob. 5.C.2.8. Two co-axial cylinders of 0.4 m and 1 m dia. are 1 m long. The annular top and bottom
surfaces are well insulated and act as re-radiating surfaces. The inner surface is at 1000 K and has an

emissivity of 0.6. The outer surface is maintained at 400 K and its emissivity is 0.4.
i) Determine the heat exchange between the surfaces
ii) If the annular base surfaces are open to the surroundings at 300 K, determine the radiant
heat exchange.

If the outer cylinder is surface 2, take F21= 0.25 and F22= 0.27. [M.U. Dec. 1998]

Mathcad Solution:

1.0 mdia. radi ati
< ™ Revadiating surface 3,

/_,/-_—"Ll._El._Tl

Surface 2,

" Aye,.T,

v

1.0 m

0.4 mdia /Q-‘:D
*—|_) Surface 1.

|

|

|

|

|

|

Qi

Q,=-Q;
Ri=(1-€)(Are;)

LSE i;E Rz R(1-e7)/(Arey)
Q__== EI R =U(A Fp)
Ri=U(A Fys)
Fig.(b)

Ro=1/(AFy)

Fig.Prob.5.C.2.8

See Fig. above. Let the inner surface be denoted by 1, outer surface by 2, and the two annular surfaces

by 3. Then, surfaces 1, 2 and 3 form an enclosure. And, the radiation network will look as shown in the

fig.(b).
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Software Solutions to Problems on Heat
exchange between gray surfaces

Transfer: Radiation Heat Transfer — Part Il

Data:

Dy=04 m Dy=1 m. L=1 m..
T; = 1000 K._.temp. of inner surface (1) T, = 400 K. temp. of outer surface (2)

=06  ..emissiity of surface 1 g, =04  __emissivity of surface 2

Fpq =025 _view factor of surface 2 wort. surface 1

=027 __wview factor of surface 2 wrt. itself

Fa -

e

6= 36710 ° Wm2 K).._Stefan-Baoltzmann const.

Calculations:

Areas:
Ay ==DyL e A;=12366 m"__surface area of inner cylinder 1
A, ==DyL e A,=31416 m?__surface area of outer cylinder 2
To find F,5:
F;; =0 ..since surface 1is convex, and does not 'see’ itself
) _—
Then, F,:= T'Fdl _..by reciprocity
1
le.  Fyp=0623 .view factor from surface 1 to surface 2
Also, Fj+Fp+Fy;=1 ..bysummation rule

i.E. F13 = 1 - |F11 + F].E:I

= 0373 _view factor from surface 1 to surface 3

Also, Fyy+Fpp+Fy3=1  ..by summaion rule
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Caseli): When both the annular surfaces act as re-radiating surfaces:

Now, we use the Mathcad Function for two gray surfaces surrounded by a re-radiating
surface:

[QUW) QW) QW) "T3R)"

Q12_T\K'DGTE}’_DIIEREIad|-_JL1_.:“1.2_.}-12_.}-13_.}-23_.81,82_.1-1_.1-2? =1 4 4 |
' Cl2838 % 107 2936 10 ] 7854289 )

4

ie. Ql = 2.936-10 \W....heat exchange between the surfaces...Ans.

T3= 78343 K....temp of re-radiating surface...Ans.

Casel(ii): When both the annular surfaces are open to surroundings at 300 K:

Mow, T, =300 K....temp. of surroundings

Alsor A, =10 m*2_.__ area of surroundings.._ take a very large value

By 2020, wind could provide one-tenth of our planet's
electricity needs. Already today, SKF's innovative know-
how is crucial to running a large proportion of the
world’s wind turbines.
Up to 25 % of the generating costs relate to mainte-
nance. These can be reduced dramatically thanks to our
stems for on-line condition monitoring and automatic
jcation. We help make it more economical to create

Therefore we'need the best employees who can

eet this challenge!
Tr)_af Power of Knowledge Engineering

'-’:-‘i-.i

e
Plug into The Power of Knowle‘ngineering.
Visit us at www.skf.com/know1ed"_#
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24 = 0.9999 ...emissivity of surroundings, equal to 1 for black surface, but take it as
0.9999 to avoid division by zero

Now, apply the Mathcad Function for general, three-surface enclosure:

EIransfer_Ih.reE_su.tface_enclosu.re{.—"11 _._—"'.._w_ _..—"13_.'[1_.'[3_.'[3 2B1.87.83 _.Fl_w_ -'EIS -'FES: =

("QIW)" QIW)' UQBW)T QW) QW) QW) )

122486 % 107 16705 % 10° 1.0283 % 107 39191 x 107 —12203 x 10° —2.6988 x 10"

i.e. We get:

4

Ol = 39101 10 W....net heat transfer from surface 1 ... Ans.

Q2 = —1.2203- 1|}4 W....net heat transfer from surface 2 ... Ans.

4

Q3 = -2.6088-10°  W....net heat transfer from surface 3 ... Ans.

Verify: Q2+ Q3=-30191x 100  .W

i.e. heat leaving surface 1 (= Q1) is equal to heat received by surface 2 and the
surroundings...verified.

While using the above Function, note that we have obtained other heat transfers too, i.e. Q12 between

surfaces 1 and 2, Q13 between surfaces 1 and 3, and, Q23 between surfaces 2 and 3.

Prob. 5.C.2.9. Two parallel plates, 0.5 m x 1 m each, are spaced 0.5 m apart. The plates are at temperatures
of 1000 C and 500 C and their emissivities are 0.2 and 0.5 respectively. The plates are located in a large
room, the walls of which are at 27 C. The surfaces of the plates facing each other only exchange heat
by radiation. Determine the rates of heat lost by each plate and heat gain of the walls by radiation. Use
radiation network for solution. Assume shape factor between parallel plates: F , = F, =0.285. [M.U. 1996]
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(b) Also, plot Q1 and Q3 as epsilon1 varies from 0.1 to 0.9

T, =500 C V {3} /fc'“ m Surrownding room (sutface-3),
L,=2TC A=>{A L A)

Fig.Prob.5.C.2.9

This problem is the same as Prob.5.C.2.3, which was solved with Mathcad.

However, now we shall solve it with EES:

EES Solution:

The schematic fig. and the radiation network are shown in Fig (a) and (b) above.

We shall, first write an EES PROCEDURE to calculate the Emissive powers and Resistances involved,
to reduce labour; then, we shall use that Procedure in a Main EES program to find out the Radiosities
by applying the Kirchoft’s Law to the three nodes J1, J2 and J3 and solve the resulting three equations
simultaneously to get J1, J2 and J3. Then, the heat transfers are easily calculated by applying the Ohm’s

Law between any two given radiosity potentials.
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The EES Procedure is given below. Read the comments in the program:

$UnitSystem SI Pa ] K

PROCEDURE
HTrans_Three_surface_enclosure(A_1,A_2,A_3,T_1,T_2,T_3,eps_l,eps_2,eps_3,F_12,F_13,F_23:Eb_
1,Eb_2,Eb_3,R_I,R_2,R_3,R_12,R_13,R_23)

{
Inputs: A1, A2 ,...etc

Outputs: Emissive powers: Eb_1,Eb_2,Eb_3 (W/m~2), and
Surface and Space resistances: R_1, R_2, R_3, R_12, R_13, R_23 (1/mA2)
}
“Radiation Heat transfer in Three-Zone enclosure:”
“Note: For a insulated/re-radiating surface: Q_i = 0, and J_i = Eb_i (= sigma * T_ir4)”

“For a black surface: R_i=0;s0,] i=Eb_i”

sigma := 5.67¢-08 “[W/mA2-KA4]....Stefan Boltzmann const.”

TURN TO THE EXPERTS FOR
SUBSCRIPTION CONSULTANCY

Subscrybe is one of the leading companies in Europe when it comes to innovation
and business development within subscription businesses.

We innovate new subscription business models or improve existing ones. We do
business reviews of existing subscription businesses and we develope acquisition and

retention strategies.

Learn more at linkedin.com/company/subscrybe or contact
Managing Director Morten Suhr Hansen at mha@subscrybe.dk

SUBSCRYBE - fofle fifur
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Eb_1 :=sigma* T_1/4
Eb_2 :=sigma * T_2/4
Eb_3 := sigma * T_3/4

R 1:=(1-eps_1)/(A_1*eps_1) “surface resist of surface 17

R 2:=(1-eps_2)/(A_2*eps_2) “surface resist of surface 2”

R 3:=(1-eps_3)/(A_3 *eps_3) “surface resist of surface 2”

R 12:=1/(A_1*F_12) “space resist bet surfaces 1 and 2”
R_13:=1/(A_1*F_13) “space resist bet surfaces 1 and 3”
R_23:=1/(A_2*F_23) “space resist bet surfaces 2 and 3”
END

Now, to solve the above problem:
“Data:”

A_1=0.5[mA"2]

A_2=0.5[mA2]

A_3 =1el0 [mA2] “..very large room”

T_1=1273 [K]
T 2 =773 [K]
T 3 =300 [K]

eps_1 = 0.2 “emissivity of plate 1”
eps_2 = 0.5 “emissivity of plate 2”

eps_3 = 0.9999 “...emissivity of surroundings = 1, taken as 0.9999 to avoid division by zero”

F_12 = 0.285 “...View Factor from surface 1 to 2... by data”
F_21 =0.285 “...View Factor from surface 2 to 1... by data”
F 11 =0 “..since surface 1 is flat”

“F_11+F_12 + F_13 = 1 ... by Summation rule for surface 1”

“Therefore:”

F 13 =1- F_12 “..View Factor from surface 1 to 3”
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“Similarly, for surface 2, F_22 = 0, and F_21 + F_22 + F_23 = 1 by Summation rule for surface 2, and

we get:”
F_23 =1- F_21 “..View Factor from surface 2 to 3”
“Now, calculate various Emissive powers and Resistances, using the EES PROCEDURE:”

CALL HTrans_Three_surface_enclosure(A_1,A_2,A_3,T_1,T_2,T 3,eps_l,eps_2,eps_3,F_12,F_13,F 2
3:Eb_1,Eb_2,Eb_3,R_1,R_2,R_3,R_12,R_13,R_23)

“Kirchoft’s Law for Nodes J_1,]J_2 and J_3.”

“For J_1” (Eb_1-J_1)/R.1+(J_2-J_1)/R12+(J.3-J_1)/R_13=0
“ForJ_ 2" (Eb_2-J 2)/ R 2+ (J_1-J_2)/R_12+(J_3-J_2)/R 23=0
“For J_3:” (Eb_.3-J 3)/R 3+ (J_1-J_3)/R_13+(J_2-J_3)/R.23=0

“Net heat transfer from each surface:”

Q_1=(Eb_1-J_1)/R_1
Q2=(Eb_2-J_2)/R 2
Q3=(Eb_3-J_3)/R_3

“Net heat transfer between surface 1 and 2:”
Q12=(J_1-J_2)/R_12

“Net heat transfer between surface 1 and 3:”
Q. 13=(_1-7J_3)/R_13

“Net heat transfer between surface 2 and 3:”
Q. 23=(J_2-J_3)/R_23

“Check: Q 1+Q2+Q3=0"

SumQ1Q2Q3=Q_1+Q_2+Q_3
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Results:

Main l HTrans_Thiee_surface_enclosure |

Unit Settings: 51 K Pa J mass deqg

Aq=05 [md Az=05 [me] Ag=1.000E+10 [r2]
Ebq =148301 [AYm2) Ehy = 20244 [Wim<] Ebhz =459.3 [Wfm2]
eps1=0.2 epsz=05 epsz= 094994
Fri=0[ Fiz=0285 [] Fiz=0715 ]
Foq = 0.285 [ Fa3=0716[] Jy = 33476 W7

Jo = 16057 [Wim?) Jg = 459.3 [Am2) 0q =14428 W]
Q2= 2625 [W] Q3= 11803 W] Oy =2684 [wv]
Oz3=5219 [W] Oy =-17022 [W] By =8 [1/md

Rqz=7.018 [1/m3 Rq3=2.797 [1/m?] Rz =2 [1/md
Rag= 2.797 [1/m?] Fg =1.000E-14 [1/md] ‘Sum@1@203=-D.DDD‘I?29 []
T1=1273 [K] T2=773 [K] T3=1300 [K]

Mairn  HTranz_Three_surface_enclosure

Local variables in Procedure HTrans_Three_surface_enclosure (1 call. 0.00 sec)

Aq=05 [m?] A=05 [md] A=1.000E+10 [m?
Ebq =148901 [wm] Ehy =20244 [Wim?] Ebz =453.3 [W/rm]
epsy=0.2 epsx05 eps0.9935
Fq12=0.285 Fi3=0.715 F23=0715
Ry =8 [1/m?] Ryz=7.018 [1/m<] Ry 2.797 [1/m?]
Rz =2 [1/m?] Fo2.797 [1/m2] Rz =1.000E-14 [1/m?]
o =5B70E-08 [wimZKd T1=1273 [K] T=773 [K]
T+300 [K]

Thus:

Heat leaving surface 1 = Q1 = 14428 W .... Ans.
Heat leaving surface 2 = Q2 = 2594 W ... Ans.

Heat received by surface 3, i.e. ambient = Q3 = -17022 W ... Ans. (negative sign indicates that

heat is going into the surface).

Also, check: Q1 + Q2 + Q3 = 0 (which is satisfied... see SumQ1Q2Q3 = -0.0001729 = almost zero)

In addition, values of radiosities J1, J2 and J3, and also the various resistances, and heat transfers

between surfaces, viz. Q12, Q13 and Q23 are also calculated.
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Now, plot Q1 and Q3 as epsilonl varies from 0.1 to 0.9:

First, produce the Parametric Table:

Tabie 1 |
i 2 3 4 5

2 eps Q, Qs Q, SumQ1Q2Q3

Tooa T e o e
Run 1 0.1 7244 3661 -10905 -0.001361
Run 2 02 14428 2594 7022 | 0.0007215
Run 3 0.3 21652 1536 23087 | -0.0006374
Run 4 04 28616 486.5 -29102 -0.000599
Run 5 0.5 36622 -554 1 -35068 -0.001149
Run 6 06 42570 -1586 40983 | -0.0007688
Run 7 07 49460 -2610 46851 0.0002317
Run 8 0.8 56295 -3625 52670 -0.000083
Run 9 0.9 63073 4632 58442 | 0.0004825

Note in the above Table that:

i) For epsl = > 0.5, Q2 is —ve, i.e. surface 2 receives heat
ii) Q3 is the heat received by the ambient (-ve)
iii) Sum of Q1, Q2 and Q3 is equal to almost zero, as it should be

Vouwro Touexs | Resanr Toocks | Macs Toveks | Vowo Buses | Vowo Cowsteucnion Esumsest | Wowo Pesm | Vowo Aeno | Wowo IT

Vowo Fimswcer Sepnces | Vowo 3P | Vowo Powerream | Vowo Pasrs | Vowo Techwowoer | Wowo Loasncs | Busisess Anes Asie
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And, Plot the results:

70000

60000 (14 vs epsq

50000

40000

W]

~ 30000
o
20000

10000

0 01 02 03 04 05 06 07 08 09 1

10000
-20000 |
30000 |

o -40000 |

50000 |

Prob. 5.C.2.10. A square room, 3 m x 3 m, has a floor heated to 27 C and has a ceiling at 10 C. Walls

are perfectly insulated. Height of room is 2.5 m. Emissivity of all surfaces is 0.8. Determine:
i) Net heat transfer from the ceiling
ii) Net heat transfer between ceiling and floor, and

iii) Temp of the walls [M.U.]

(b) Also, plot the variation of Q1 and T3 as epsl varies from 0.1 to 0.9:
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EES Solution:
This is a three-surface enclosure problem.
Important: Walls act as re-radiating surfaces, i.e. Eb_3 =J3,and Q_3 = 0.

Radiation network is shown below:

Q=-¢
R=(1-<)(Ae)

R;s }':E Rz R (1-€)/(Arey)
Q;= Ry=1(A Fp )

Rys=1/{AF )
Ry=1(A,Fy)

Let ceiling be designated as surface 1, floor as surface 2, and the surrounding walls as surface 3.
We shall use the EES PROCEDURE written above to calculate Emissive powers, various resistance etc.

We shall also use the EES Function written earlier to determine the View Factor F_12 between the ceiling
and the floor.

“Data:”

A_1=9 [mA2]“...area of ceiling”
A_2 =9 [mA2]“..area of floor”

A_3 =30 [mA2] “..area of 4 walls”

T_1 =283 [K]"...temp of ceiling, by data”

T_2 =300 [K]"..temp of floor, by data”

{T_3 = ...to be found out}

sigma = 5.67E-08 [W/mA2-KA4]“...Stefan — Boltzmann constant”
eps_1 = 0.8 “emissivity of ceiling, i.e. surface 1”

eps_2 = 0.8 “emissivity of floor, i.e. surface 2”

eps_3 = 0.8 “...emissivity of surrounding walls, i.e. surface 3”
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“Determine View Factors: F_12, F 13 etc”

“Use the EES Function written earlier for parallel rectangles to get F_12:”

“We have: for the ceiling and floors: X =3 m,Y=3m,L=25m"

F_12 = F12_parallel _rectangles(X, Y, L) “..View Factor from surface 1 to 2...”

F_21 = F_12%..View Factor from surface 2 to 1... by symmetry”

F 11 = 0 “..since surface 1 is flat”

“F_11+F_12 + F_13 = 1 ... by Summation rule for surface 1”

“Therefore:”

F 13 =1- F 12 “...View Factor from surface 1 to 3”

“Similarly, for surface 2, F_22 =0, and F_21 + F_22 + F_23 = 1 by Summation rule for surface 2, and

we get:”

F 23 =1- F 21 “..View Factor from surface 2 to 3”

“Now, calculate various Emissive powers and Resistances, using the EES PROCEDURE:”

CALL

HTrans_Three_surface_enclosure(A_1,A_2,A_3,T_1,T_2,T_3,eps_l,eps_2,eps_3,F_12,F_13,F_23:Eb_
1,Eb_2,Eb_3,R_1,R_2,R_3,R_12,R_13,R_23)

120
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“Kirchoff’s Law for Nodes J_1,] 2and]J_3:”

“For J_1:" (Eb_1 -J_1)/R_1+(J 2-J_1)/R_12+(J_.3-J_1)/R_13=0
“For ] 27 (Eb_2-J 2)/R2+(J_1-J2)/R 12+ (J_3-J_2)/R23=0
“For ] 37 (J_1-J_3)/R_13+(J_2-J_3)/R.23=0

Eb_3 =]_3 “...since surface 3 is re-radiating”

“Also:”

Eb_3 = sigma * T3 A4 “[W/mA2]...by definition of Eb”

“Net heat transfer from each surface:”

Q_1=(Eb_1 -J_1)/R_1“[W]...net heat transfer from surface 1”

Q_2 =(Eb_2 - J_2)/R_2“[W]...net heat transfer from surface 2”

Q_3 = (Eb_3 - J_3)/R_3”[W]...net heat transfer from surface 3”

EXPERIENCE THE POW

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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“Net heat transfer between surface 1 and 2:”

Q12=(J_1-J_2)/R_12“[W]”

“Net heat transfer between surface 1 and 3:”

Q_13=(J_1-J_3)/R_13 “[W]”

“Net heat transfer between surface 2 and 3:”

Q. 23=(_2-J_3)/R 23 “[W]”

“Check: Q. 1+Q2+Q3=0"

SumQ1Q2Q3=Q_1+Q_2+Q_3

Results:

LET l HTrans_Three_surface_enclosure ] F12_parallel_rectangles ]

Unit Settings: 51 K Pa J mass rad

A1=9 [md A2=9 [me] Az=30 [m3

Ebq =363.7 [Wimd Eby =459.3 [#m2] Ebz =411.5 [#/fm?
epsq=0.8 epso=0.8 eps3=048

Fyq=0 Fyz = 0.2508

Fzq =0.2508 Fpz=0.7482 Ji = 375.1 [Wim?
Jz = 447.9 [Wim?] Ja = A11.5 [Wim?) L=25 [m]
Qqo=-164.4 W] Qq3=-2455 [W]
Qo = 409.8 [W] Qpg= 2455 W] |03 = 4744E-15 [W]‘

Ry =0.02778 [1/m?]
Rz =0.02778 [1/m?]

Ryz=0.443 [1/m2]
Rg= 01483 [1/m2]

Rqz= 01483 [1/m?]
Rz = 0.008333 [1/m2]

G =E.670E-08 [W/makd] |5um010203= 6.119E-13 [w]| T3 =2919
Ty=283 [K] T;=300 [K] T3=291.9 [K]
%=1 [m] Y =3 [m]

Thus:

i) Net heat transfer from surface 1 = Q1 = -409.8 W .... Ans.... negative sign indicates heat
coming in to the surface.

ii) Net heat transfer between ceiling and floor = Q12 = -164.4 W ....Ans....again, negative
sign indicates heat coming in fo the surface 1.

iii) Temp of re-radiating walls = T3 = 291.9 K ... Ans.

Note: Sum of Q1, Q2 and Q3 = 0, as it should be.
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Plot Plot (b) Plot the variation of Q1 and T3 as epsl varies from 0.1 to 0.9:

First, compute the Parametric Table:

Now, plot the results:

Q; W]

Table1 Table2 |

= [
|>’ eps, Qy
1.9 ['\-“-,']
Run 1 0.1 79.29
Run 2 0.2 47 1
Run 3 03 2057
Run 4 04 956 9
Run 5 05 3019
Run 6 06 342
Run 7 07 7T T
Run 8 0.8 409.8
Run 9 0.9 4389 |
0 _ . .
100 |
200 |
300 |
400 |
500 L— - - - - - - - -
0 0.1 0z 0.3 04 05 06 0.7 08 09
eps:
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299

208 \
297 \
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Prob. 5.C.2.11. In a cylindrical furnace with R = 0.75 m, L = 2 m as shown. Emissivities and temperatures
of surfaces 1, 2 and 3 are: epsl = 0.65, eps2 = 0.55, eps3 = 0.7, T1 = 800 K, T2 = 600 K and T3 = 1400 K

respectively. Assume surface 3 to be re-radiating. Determine the net rate of radiation to / from each surface.
(b) If surface 3 is black, what are the values of Q1, Q2 and Q3?
(c) For the case (a) plot the variation of Q3 as emissivity of surface 3 varies from 0.1 to 1.

EES Solution:

This is a general, three-surface enclosure, for which the electrical network is shown below:

Surface 1, Surface 2,
A‘].J =l JT]. Az: EQJTE
e

Fe-radiating surface 3,

. Qs=
Fig.(a) ’
R12
Ep) 0 Q12 I, —» Ey
Q1—)t—f\f”\§’w’ —ad— O,
1 2
Q Ll-=
ij‘/ 7 “ Rl-Al 2l
E44 - Ry -
Jo=Eys Rg=———
& a2
Q3=O 1
12
_ &1Fqg
Fig.(h) i
Fiam—
1F13
1
Rg3=
fgF g
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Writing Kirchoft’s Law to Nodes J1, J2 and J3:

Ebl-I1 I2-11 J5-J1_

+ =0 .. for node 1
R1 R12 R13
- M-I Ii-In
Ebl — 12 + -1 + 27 o .. for node J2
B2 R12 23
113 M-=-I3 I2-1I5
Ep5-1 N-1 II-1 =0 ___for node J3

R3 E13 B33

While writing the above equations, remember to consider all heat currents as flowing in to the

respective node.

First, get the Emissive powers and various resistances using the EES Function written earlier.

Then, solve simultaneously the three equations obtained by applying the Kirchoff’s Law to the three

Nodes, written above.

To get the View Factors F12, F13 and F23 use the EES Function for two parallel disks, written earlier.

Following is the EES program:

“Data:”
R =0.75 [m]
L=2[m]

A_1=pi* RA2 “[mA2]...area of top disk”
A_2=A_1“[mA2]...area ofbottom disk”
A_3=2*pi*R*L “[mA2] ...area of walls”

T_1 =800 [K]“..temp of top disk”
T 2 =600 [K]*
T_3 =1400 [K]“....temp of walls”

..temp of bottom disk”
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sigma = 5.67E-08 [W/m~A2-KA4]“...Stefan — Boltzmann constant”

eps_1 = 0.65 “emissivity of surface 1”
eps_2 = 0.55 “emissivity of surface 2”

eps_3 = 0.7 “...emissivity of surface 3”

“Determine View Factors: F_12, F 13 etc”

“Use the EES Function written earlier for parallel disks to get F_12:

i.e. F_12 = F12_parallel_disks(r_1, r_2, L)”

“We have: for the top and bottom disks, in the above Function:r 1 =R, r 2=R=0.75m,L=2m”
F_12 = F12_parallel_disks(R, R, L) “..View factor from top disk to bottom disk”

F_21 =F_12 “..by symmetry”

“F_11 + F_12 + F_13 =1 ... by Summation rule for surface 1”

www.sylvania.com
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Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

“Therefore:”
F 13 =1- F_12 “..View Factor from surface 1 to 3”

“Similarly, for surface 2, F_22 =0, and F_21 + F_22 + F_23 = 1 by Summation rule for surface 2, and

we get:”
F 23 =1- F 21 “..View Factor from surface 2 to 3”
“Now, calculate various Emissive powers and Resistances, using the EES PROCEDURE:”

CALL HTrans_Three_surface_enclosure(A_1,A_2,A_3,T_1,T 2,T 3,eps_l,eps_2,eps_3,F_12,F 13,F 2
3:Eb_1,Eb_2,Eb_3,R_1,R_2,R_3,R_12,R_13,R_23)

“Kirchoff’s Law for Nodes J_1,]J 2 and J_3:”

“For J_1.” (Eb_1 -J_1)/R_1+(J_2-J_1D/R_12+(J_3-J_1)/R_13=0
“ForJ 2" (Eb_2-J 2)/R2+(J_1-J 2)/R_12+(J.3-J 2)/R 23=0
“ForJ_3:" (Eb_.3-J_3)/R3+(J_1-J_3)/R_13+(J_2-J_3)/R23=0

“Net heat transfer from each surface:”

Q_1=(Eb_1-J_1)/R_1“[W]”
Q. 2=(Eb_2-]J 2)/R 2“W]”
Q_3=(Eb_3-]J_3)/R_3“[W]”

“Net heat transfer between surface 1 and 2:”

Q. 12=(J_1-]J_2)/R_12

“Net heat transfer between surface 1 and 3:”

Q. 13=(J_1-J_3)/R_13

“Net heat transfer between surface 2 and 3:”

Q23=(_2-J_3)/R_23

“Check: Q_1+Q2+Q3=0"
SumQ1Q2Q3=Q 1+Q 2+Q_3

128
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Results:

Main ]HTrans_Three_surface_enclnsure] F12_parallel_disks|

Unit Settings: SI1 K Pa J mass rad

#q=1.767 [m?]
Ebq = 23224 [W/im?]
epsi= 065

Fyz=01111
Fas = 0.6689

J3= 201198 [#/m?
Qqz=-1461 ]
Q3= -176304 []

Ry =03047 [1/m]
Rz =0.463 [1/m?]

o =5E70E-08 [iimZkY

To=600 [K]

Thus:

Az=1767 [md]

Ehy = 7348 [wim?]
epsy= 065

Jy = 81136 [#/fm?
L=2 [m]
Qq3=-188534 [\W/]
Fiyz=5.093 [1/m?]
Fizz= 06366 [1/m=]

H3=19.425 [m?]

Eby =217818 [ime]
epsz=07

Fz = 01111

Jo = BBE?8 [W/mZ]

0y =-190056 [W]

Q3 =-175443 [W]

‘Sum@1[§12@3= 0.0122 [W]‘

Ta=1400 [K]

R =075 [m]
Ry3=0.6366 [1/m?]
Rz =0.04547 [1/m?]
Ty=800 [K]

Net heat transfer from surface 1 = Q1 =-190056 W ... negative sign indicates heat flowing in to

the surface 1... Ans.

Net heat transfer from surface 2 = Q2 = -175443 W ... negative sign indicates heat flowing in to

the surface 2... Ans.
Net heat transfer from surface 3 = Q3 = 365499 W ... heat flowing from the surface 3... Ans.

Also, SumQ1Q2Q3 = 0.0122, i.e. almost equal to zero, as it should be.

(b) If surface 3 is black, what are the values of Q1, Q2 and Q3?

Now, eps3 = 1.
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Transfer: Radiation Heat Transfer — Part Il

In EES data, enter: eps3 = 0.9999 to avoid division by zero.

Press F2 to calculate, and we get:

Unit Settings: 51 K Pa J mass rad

Aq=1.767 [m] Aa=1767 [

Ebq =23224 [W/md Ebs = 7348 [wimd]
epst =065 epsp=0.55
Fyz=01111

Fa3 = 4889 Ji = 86574 [Wim?d]
J3= 217814 [wim? L=2 [rm]
Qyz=-1752 [W] Ciy3=-206152 [wv]
Qa3=-192137 [W]
Ry =0.3047 [1/md] Riqz=5.083 [1/m2]
By =0.463 [1/md] Fipz= 0.6366 [1/m?]
o =GE70E-08 [wimZkY |5uma102a3= 0.0002028 [W]‘
Tp=600 [K) T3=1400 [K]

360°
thinking

Discover the truth at www.deloitte.ca/careers

exchange between gray surfaces

Ag=19.425 [m]

Ebz =217819 [W/m?]
epsy=0.99494

Fay =0.1111

Jo = 95496 [Wfm2]
Q4 =-207504 W]

Qg =-190385 [w]

R =0.75 [m]

Ry3=0.6386 [1/m?]
Ry = 0.00001061 [1/m3]
Ty= 800 [K]

Deloitte

© Deloitte & Touche LLP and affiliated entities.
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i.e.

Net heat transfer from surface 1 = Q1 =-207904 W ... negative sign indicates heat flowing in to

the surface 1... Ans.

Net heat transfer from surface 2 = Q2 = -190385 W ... negative sign indicates heat flowing in to

the surface 2... Ans.

Net heat transfer from surface 3 = Q3 = 398289 W ... heat flowing from the surface 3... Ans.

Also, SumQ1Q2Q3 = 0.0002028, i.e. almost equal to zero, as it should be.

(c) For the case (a), plot the variation of Q3 as emissivity of surface 3 varies from 0.1 to 1:

First, prepare the Parametric Table:

Table 1| Table2 Table3 |

™= ™= ] 4 ™= ™5 (=

epsy Q, Qs Qy SumQ1Q2a3 Q5

110 [W] [W] [W] [W] [W]
Run 1 0.1 66271 71811 138082 | -0.00002081 66825
Run 2 0.2 -109093 107661 216754 -2.050E-09 108950
Run 3 0.3 136752 130818 267570 6.125E-10 136159
Run 4 0.4 156091 147008 303099 1.051E-10 155183
Run & 0.5 170373 158965 329338 | 2.337E-10 169232
Run 6 0.6 181352 168157 349509  -5.355E-11 180033
Run 7 0.7 190056 175443 365499 -1.197E-10 188594
Run 8 0.8 197124 181361 378485  3.075E-11 195548
Run 9 0.9 202979 186263 389242 1.459E-10 201308
TR0 | oses | ovons [ W0ES|  wws AniE0s 02

In the above Table, in addition to Q3, we have also obtained Q1, Q2, Q13 and SumQ1Q2Q3.

Note that SumQ1Q2Q3 is almost equal to zero, in all cases.

As said earlier, negative sign indicates that heat is flowing in to the surface.
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Plot the result:

x10°
400

(13 vs eps;

350

300

250

Qs [W]

200

150

100

Prob. 5.C.2.12. A long duct of equilateral triangular section, of side w = 0.75 m, shown in Fig. Ex. 13.28,
has its surface 1 at 700 K, surface 2 at 1000 K, and surface 3 is insulated. Further, surface 1 has an
emissivity of 0.8 and surface 2 is black. Determine the rate at which energy must be supplied to surface 2
to maintain these operating conditions.

(b) Plot the variation of Q1 and T3 as epsilonl varies from 0.1 to 0.9.

EES Solution:

Since the duct is very long, end effects can be neglected, and this is a three-surface enclosure problem.

Surface 1 is gray, surface 2 is black and surface 3 is insulated.
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Radiation network is shown in Fig.(b) below:

Q:=-Q
R=(0<)iAe)
Ri=1(A Fp)
R=U(AF;)

Ry=U(AF )
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We use the EES Function written earlier to calculate Emissive powers and resistances.

T3 is unknown, but is calculated from the relations: Eb3 = J3 = 0.T3/4, where o is the Stefan-Boltzmann

constant.

EES code is given below:

“Data:”

L =1 [m]“..assumed length of duct”

W =0.75 [m]“..side of equilateral triangle”
A_1=W*L “[mA2]....area of side 17

A_2 =A_1%[mA2]...area ofside 2”
A_3=A_1“mA2] ...area of side 3”

T_1 =700 [K]“..temp of ceiling, by data”
T_2 =1000 [K]“..temp of floor, by data”

{T_3 = ...to be found out}

sigma = 5.67E-08 [W/mA2-KA4]“.. Stefan - Boltzmann constant”
eps_1 = 0.8 “emissivity of surface 1”

eps_2 = 0.9999 “emissivity of surface 2 .... black”

eps_3 = 0.9999 “...emissivity of surface 3 ....”

“View Factors: F_12, F_13 etc”
“F_11+F_12 + F_13 =1 ... by Summation rule for surface 1”

“But, ”

F_11 =0 “..since surface 1 is flat;

Also, F_12 = F_13, by symmetry.”
“Therefore:”

F_12 = 0.5 “...View Factor from surface 1 to 2”
F 13 = 0.5 “...View Factor from surface 1 to 3”

134
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“Similarly, for surface 2, F_22 = 0, and F_21 + F_22 + F_23 = 1 by Summation rule for surface 2, and

we get:”

F 23 = 0.5 “...View Factor from surface 2 to 3”

“Now, calculate various Emissive powers and Resistances, using the EES PROCEDURE:”

CALL
HTrans_Three_surface_enclosure(A_1,A_2,A_3,T_1,T_2,T_3,eps_l,eps_2,eps_3,F_12,F_13,F_23:Eb_
1,Eb_2,Eb_3,R_1,R_2,R_3,R_12,R_13,R_23)

“Kirchoff’s Law for Nodes J_1:”

“ForJ_1:"(Eb_1-J_1)/R_1+(J 2-J 1)/R_12+(J.3-J_1)/R_13=0

Eb_2 =7 2 “...since surface 2 is black”

Eb_3 =7]_3 “...since surface 3 is insulated”

{Eb_3 = sigma * T_3 A4 “[W/m~2]...by definition of Eb”}

“Net heat transfer from each surface:”

Q_1=(Eb_1 -J_1)/R_1“[W]...net heat transfer from surface 1”

Q_2 = -Q_1“[W]...net heat transfer from surface 2”

Q_3 =0 “[W]...net heat transfer from surface 3”

“Net heat transfer between surface 1 and 2:”

Q_12=(J_1-]J_2)/R_12“[W]”

“Net heat transfer between surface 1 and 3:”

Q 13=(J_1-J_3)/R_13 “[W]”

“Net heat transfer between surface 2 and 3:”

Q. 23=(J_2-]J_3)/R23“[W]”
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“Check: Q_1+Q2+Q3=0"

SumQ1Q2Q3=Q_1+Q2+Q_3

Results:

Unit Settings: 51 K Pa J mass rad

Aq=075 [m?] Az=0.75 [m? £3=0.75 [m?
Ebq =13614 Wi Eby =56700 [w/m? Ehz =38558 [W/imd
epsi=048 epsy= 09393 epsz= 09939

Ji = 20417 [Wjm?] Jz = 56700 [w/rm2]

Jz = 38558 [\W/m?] L=1 [rm] Oy =-20408 [W]
Ciyz=-13606 [W] Q3= -6803 [W] Oz =20409 W]

Q3= 6E03 W] Ry =0.3333 [1/m?]
Ryz= 2.667 [1/m?] Fiy3= 2667 [1/m?] Ry =0.0001333 [1/md]
Fiza= 2 B67 [1/md Ry =0.0001333 [1/m?] o =5E70E-08 [PaimZKY
Sum010203 = 7.727E-07 [W] Ty=700 [K] TZ=1000 [K]

T3=48081 [K] Wy = 0.75 ]

*ntiia iA)gx Gradua']te

Find out more and apply

redefining / standards
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Thus:

Net heat transfer from surface 1 = Q1 =-20409 W ... negative sign indicates heat coming into the

surface ... Ans.

Net heat transfer from surface 2 = Q2 = 20409 W ... positive sign indicates heat leaving the surface
.. Ans.

Temp of insulated surface 3 = T3 = 908.1 K ... ans.

Note that as a check: SumQ1Q2Q3 = 0...is satisfied.

(b) Plot the variation of Q1 and T3 as epsilonl varies from 0.1 to 0.9:

First, compute the Parametric Table:

Table 1| Table 2| Table3 Tabl=d |

|- ™| >
P Eps; Q; Ta
1.9 W] ]
Fun 1 01 -3127 987.5
Run 2 0.2 -6059 9754
Run 3 0.3 8813 963.5
Run 4 04 -11405 89519
Fun 5 05 -138449 940.6
Fun 6 0.6 -16157 929.6
Run 7 0.7 -18341 918.7
Run 8 0.a -20409 9081
Fun 9 049 -22372 8a7.7
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Note: Negative sign for Q1 denotes heat flowing info the surface 1.

Now, plot the results:

0

Q1 vs eps

5000 |

-10000 |

Qq [W]

15000 |

20000 |

25000 L

aa0
a7o |

050 |

Tz [K]

a10 |

gop |

Note: The four problems solved above with EES cover the important variations of the three-

surface enclosure problem.
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Prob. 5.C.2.13. A furnace is in the shape of a frustum of a cone with base (i.e. surface 1) diameter of
2 m, top (i.e. surface 2) diameter of 1 m, and height 1.5 m. The curved surface (i.e. surface 3) has an
emissivity of eps3 = 0.65 and is maintained at T3 = 1600 K. Emissivities and temperatures of surfaces 1,
2 are: epsl = 0.6, eps2 = 0.7, T1 = 700 K, T2 = 1200 K respectively. Determine the net rate of radiation

to / from each surface.
(b) If surface 3 is black, what are the values of Q1, Q2 and Q3?

(c) For the case (a) plot the variation of Q13 as emissivity of surface 3 varies from 0.1 to 1.
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EXCEL Solution:

This is a general, three-surface enclosure, for which the schematic fig and the Radiation network

are shown below:

1mdia, T2 =1200 K, eps2=0.7

- -
- L

L=1.5m, T3 =1600 K, eps3=0.65

4 .
- L

2mdia, T1 =700 K, epsl=10.6

surface 1, surface 2,
Age T Ageg, Ty
T
surface 3,
Aaes T
Fig () 3,13
Eia
Ey Iy le Jz —» Eiz
o g

Ry=(1-€ (A€ )

Ey3 I, Ry Ry=(1-€)/(Agey)
E, Ri=1/ A Fia)
’ R =1 Fy)
Fig (b Q5 Ep=1/ (A Fy )

Fig.5.C.2.13

In the above fig., base and top are circles whose area is calculated as (1 * RA2).

Area of frustum of a cone: AS==(R 1+ FL_?“-J (R2-F 1) +L"

_—
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Now, let us prepare an EXCEL template to solve general, three surface enclosure problem.

Here, in the worksheet, we will first have a portion where we calculate View Factors, say for the three
important geometries, viz. parallel rectangles, coaxial parallel discs and perpendicular rectangles with

a common edge.

Recollect that we have already written EXCEL - VBA Functions for View factors for these geometries.
See Problems 5B.11, 5B.12 and 5B.13.

Then, in the template, we will calculate the Emissive powers and various ‘surface resistances’ and ‘space
resistances. Then, we will solve the three equations obtained by writing the Kirchoft’s Law for the three
nodes, to obtain the radiosities J1, J2 and J3. We shall use the EXCEL Solver to do this. Knowing J1, J2

and J3, the heat flows from a given surface or between any two surfaces are easily calculated.

Following is the worksheet:

First, a template for View Factors:
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Note in the above that in a corner of the worksheet, there is a template to calculate the View Factors for
the aforesaid three geometries using the VBA Functions already written. For example, View factor for
Coaxial, parallel disks is calculated in cell M79, using the VBA Function. The Function entered can be
seen in the Formula bar. If we change the values of r_i, r_j or L in cells M76, M77 and M78 respectively,
immediately the View factor in cell M79 will change. Similarly, we can find out the View factors for other

two geometries by entering data in respective cells.

Let us remind ourselves the radiation network for the three surface enclosure (given above) and the

equations obtained by applying the Kirchoff’s Law to the three Nodes:

Epi-T1 JTz-1y T3-Tp
+ + =

Mode ., o (13.63,3)
By Rz Sk
Epplq Iio, Tood
Mode J,; 2 2,172 737, (13.63,b)
Ey Rz By
Epals 1oy To-1]
Nodedy o A LA TR AL, (13.63.c)

Fq Fi3 Fo3

Solving these three eqns. simultaneously, we get Iy, J; and Js.
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And, when the three Radiosities, viz. J1, J2 and J3 are obtained by solving the above three equations,

the various heat flows are calculated as follows:

Once the magnitudes of the radiosities are known_ expressions for net heat flows between
the surfaces are:

Ti-Jz _Ih1-12

Q3= (1364 2)
R 1
A ¢F g
Jy=Ta Jq=1
Qe 22173 L (1364.b)
Fi3 1
&qF3
JqoTa J,=1
Qppet 327172 L 1364,0)
Fog 1
fgF s
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And, net heat flow from each surface is:

Eii-Jy Eyq1-17
PN P S (13.65,)
R]. 1—81

.n.&ilﬂl

Eiq=1 Eiq-1
Q=2 T2 M2 (13.65 5]

RE 1—82

.n.&iz'ﬂ 3

Eio=1 | D
Qq=_0 g WETTE (13.65.c)

R3 1—83

.n.&ig'ﬂ 3

Next, In the EXCEL worksheet, enter data for the three surface enclosure problem, and name the

cells:
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In the above, A_3 is the area of frustum and the equation entered in cell E84 can be seen in the Formula

bar.

View Factors:

View factor F12 is determined with the template explained earlier, using the VBA Function for View

Factor of parallel disks. See the Formula bar below:

This value of F_ij is transferred to cell D90 above. Other View factors are calculated using the View

factor algebra:

F11+F 12+F 13=1 . by Summation rule for surface 1

But. F 11=0 _for Flat surface 1

F 13=1-F 12 .. View factor from surface 1to 3

Therefare:
A 1F 12=A 2F 21 . by reciprocity
, Al .
Then: Fl="=.F 12 - Miew factor from surface 2 to 1
_ A -

But, F 22=0 forFlat surface 2

Therefare: F 23=1-F 21 . View factor from surface 2 to 3

And:
A 1.-F 13=A 3F 31 . by reciprocity

Then:  F 31= '{—I-E 13 .. View factor from surface 3 to 1

And, by reciprocity: A 2F 23=A 3F 32

Therefore: F 32= A2 F 235 View factor from surface 3 to 2
— A3 -
And: F 33=1-F 31-F 32 __using Summation rule for surface 3
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Using the above formulas, all View Factors are entered in the above part of worksheet.

Next, enter the Temp values, and continue the calculations:

In the above, Emissive powers E_bl1 etc are calculated from:

E b= sizma- 1';
See the formula bar above for the formula entered for E_bl in cell C102.

Similarly, surface resistances R_1, R_2 and R_3 and space resistances R_12, R_13 and R_23 are calculated

with the formulas given above in Fig.5.C.2.13.

Next, important step to calculate Radiosities J1, J2 and J3:
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In the above, first, put guess values of 1000 each for J1, J2 and J3.

Then, for Nodes 1, 2 and 3 enter the corresponding equations, obtained by applying Kirchoft’s Law,

given earlier.

See the Formula bar in the above screen shot for formula entered for Node 1, in cell C114. Similarly,
formulas are entered for Nodes 2 and 3 in cells C115 and C116.

Sum of the squares of C114 to C116 should be zero, but, in this case since J1, J2 and J3 are assumed

values, the sum of squares is not zero.

Apply Solver to make C117 zero by changing J1, J2 and J3. (i.e. cells C11, D111 and E111.)

To do this: Go to Data - Solver:

Click on Solver. We get the following window. Fill it up as shown:

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

Click Solve. We get following message:
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Software Solutions to Problems on Heat Electrical network method & Radiation energy
Transfer: Radiation Heat Transfer - Part Il exchange between gray surfaces

Solver has found a solution. Click OK to keep the solution. We get:

Observe that values of J1, J2 and J3 are shown in the respective cells.

Sum_diffA2 is almost equal to zero.

And, results of equations at Nodes 1, 2 and 3 are almost equal to zero.

Next, continue the calculations for heat transfers:

149
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In the above heat transfers from/to each surface (Q_1, Q_2 and Q_3), and also between surfaces (Q_12,
Q_13, Q_23) are calculated using formulas given earlier. For ex. see in the Formula bar, the formula
entered to calculate Q_1 in cell C125.

Negative sign for a heat transfer indicates heat coming in to the surface.

As a check: Sum of Q1, Q2 and Q3 should be zero.

Thus:

Q1 =-563507.24 W, Q2 = -100876.84 W and Q3 = 664384.1 W ... Ans.

(b) If surface 3 is black, what are the values of Q1, Q2 and Q3?

Now, simply change eps3 = 0.9999. Remember not to put eps3 = 1, to avoid division by zero, as explained

earlier.

Then, all other related quantities will change in the worksheet.
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However, J1, ]2 and J3, do not change o their own:

110 [radiosities (w/m2): 11 12 13

111 133193.6206 172619  323575.7|..... Ans.
112

113 Apply Kirchoff's Law at each Mode:

114 Node J1: 0o

115 Node 12: 0

116 Node J3: 3576430614

117 Sum_diffa2= 1.2?909E+191

118

115 Apply Solver to make SumdiffA2 a minimum, by varying) 1,1 2, and ] 3:

Observe that Sum_diffA2 is not zero now.

Download free eBooks at bookboon.com



Apply Solver to get correct values of J1, J2 and J3.

(Remember that for a black body Eb_3 should be equal to J3. Since we have taken eps3 = 0.9999, Eb_3

is not exactly equal to, but almost equal to J3).

109

110 Radiosities {(W/m2): 11 12 13

111 151403.3259 186642.71 371578.7|..... Ans.

112

113 Apply Kirchoff's Law at each Node:

114 Mode J1: -5.?9?5E-0?‘

115 Mode J2: -3.4051E-09

116 Node J3: 0.000318623

117 Sum_diffa2= 1.01521E-{]ﬂ

113

119 Apply Solver to make SumdiffA2 a minimum, by varying) 1,1 2, and ) 3:

120

121 Q_betwn_surfaces (W): Q12 Q 13 Q23

122 -8076.02333 -641242.43 -134652 |..... Ans.

123

124 Qnet_from_surfaces (\W); Q1 Q2 Q3

125 -649318.456 -126576.64 775895.1|..... Ans.

126

127 Check: Q1+02+0Q3=0 sSumQlQ2Q3-= 0.0 Verified.
We get:

Q1 =-649318.46 W, Q2 = -126576.64 W, Q3 = 775895.1 W .... Ans.

(c) For the case (a) plot the variation of Q3, Q13 as emissivity of surface 3 varies from 0.1 to 0.9:

Now, change eps3 = 0.65 to go back to case (a).
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First, prepare a Table as shown below:
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Now, write a VBA program to do the following:

Copy the first value of eps3 from this Table to cell E87 in the Data section.

Then, all other values except J1, J2, J3 and the heat transfers, will change.

Apply the Solver to get J1, J2 and J3.

Immediately all heat transfers will get updated.

Then, copy Q_3, Q_13 and also SumQ1Q2Q3 (to check that it is zero) to the respective places in the Table.
Repeat these steps for the next value of eps3, etc.

Following is the VBA program, operated by a control button:

Sub Macrol ()

Macrol Macro
Finds J1, J2 and J3 making Sumdiff"2 minimum

Feyboard Shortecut: Ccrl+4Shifc+Jd

Dim i &s Integer

For i = 0 To 10 'start of For ... Next loop
Range ("E&7") = Cell=s (132 + i, 2) 'copy the first wvalue of eps3 from the Takle to cell E&T
'Following part of the code applies Solver to minimise cell C117 by changing cells C111:E111

SolverCk SetCell:="£CE117", MaxMinVal:=2, ValueCf:="0", ByChange:=
"SCE111:SES11LY -

SolverSolve UserFinish:=True

S5olverFinish KeepFinal:=1

Cell= (132 + i, 3) = Range ("E125") 'copies up-dated value of 3 to its place in Table

Cells (132 + i, 4) = Range ("D122") 'copies up-dated wvalue of Q 13 to its place in Takle

Cells (132 + i, 5) = Range ("E127") 'copies up-dated walue of SUMQIQZQ3 to its place in Table
Next 1

End Sub

Read the comments in the above program.
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Now, press the command button and the Solver is applied for each value of eps3:

Apply Kirchoff's Law at each Node:

Node J1: 1.31084E-07 "
Mode 12: 8.31787E-08
Node 13: 1.74704E-06
sum_diffn2= 3.07627E-12 |
. . . . Click to
Apply Solver to make SumdiffA2 a minimum, by varying1_1,1 2, andJ_3: ‘ Apply Solver to find:
J1,J2 and J3
0_betwn_surfaces {W): Q12 q_13 q_23
-8076.023329 -641242.433 -134652.664 |..... Ans.
Qnet_from_surfaces (W) Q1 Q.2 Q3
-649318.4563 -126576.641 775895.097 |..... Ans.
Check:Q1+0Q2+Q3=0 SumQ1Q2Q3-= 0.0 Verified.
And, the Table gets filled up:
eps_3 Q_3(w) Q 13 (W) SumQ1Q2Q3
0.1 203869.841 -196129.975 ]
0.2 345299.485 -300181.229 1.04774E-09
0.2 A49165.229  -387002.724 ]
0.4 528678.165 -448874.465 ]
0.5 501504.376  -497761.693 ]
0.6 642397.878 -537363.671 1.39698E-09
0.7 684463.429 -5700906.218 ]
0.8 719814.651 -597604.316 1.28057E-09
0.9 749940.300 -621046.116 -3.25963E-09
0.99 ¥73483.421 -639365.825 3.48082E-08
0.9999 F75805.097 -541242.433 1.96125E-06

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer - Part i

Now, plot the results in EXCEL:

Electrical network method & Radiation energy

exchange between gray surfaces

Q_3 (W)

9.00E+05
B.00E+05
7.00E+05
6.00E+05
5.00E+05
4 .00E+05
3.00E+05
2.00E+05
1.00E+05
0.00E+00

Q 3vseps_ 3

01 02 03 04 05 06

eps_3

a7

08 09 1
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Q _13vseps_3
0.00E+00 +
-1.00E+05
-2 00E+05

-3.00E+05 -+

Q_13 (W)

-4 00E4+05 ~

-5.00E+05

-6.00E+05

'?I:”:IE'I'DE T T T T T T T T T 1

eps_3

Note: negative sign for Q_13 indicates heat flowing in fo the surface 1 from surface 3.

Prob. 5.C.2.14.Two parallel plates of size 1 m x 1 m are spaced 0.5 m apart and are located in a very
large room, the walls of which are maintained at a temp of 27 C. One plate is maintained at a temp of
900 C and the other at 400 C. Their emissivities are 0.2 and 0.5 respectively. If the plates exchange heat
between themselves and surroundings, find the net heat transfer to each plate and to the room. Consider
only the plate surfaces facing each other. [VTU - M.Tech. — Dec. 2009-Jan. 2010]

(b) In addition, plot Q1 and Q12 against €1, for 0.1 < €1 < 0.9.

This is the same as Prob. 5.C.2.4. which was solved with Mathcad earlier.
Now, let us solve it with EXCEL:

Use the Template prepared in the previous Problem.

Use A3 = Area of the room as very large, say 1E06 m/2, and the emissivity as 0.99 (black body).

157
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Next, In the EXCEL worksheet, enter data for the three surface enclosure problem, and name the

cells:

In the above, A_3 is the area of the room, taken as 1E06 mA2 (i.e. very large).

View Factors:

View factor F12 is determined with the template explained earlier, using the VBA Function for View

Factor of parallel plates. See the Formula bar below:
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This value of F_ij is transferred to cell D90 above. Other View factors are calculated using the View

factor algebra:

Next, enter the Temp values, and continue the calculations:

In the above, Emissive powers E_b1 etc and Resistances are calculated:

Next, important step to calculate Radiosities J1, J2 and J3:

In the above, first, put guess values of 1000 each for J1, J2 and 459 for J3 (since Eb_3 = J3 for black body).
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Then, for Nodes 1, 2 and 3 enter the corresponding equations, obtained by applying Kirchoft’s Law,

given earlier.

See the Formula bar in the above screen shot for formula entered for Node 1, in cell C114. Similarly,
formulas are entered for Nodes 2 and 3 in cells C115 and C116.

Sum of the squares of C114 to C116 should be zero, but, in this case since J1, J2 and J3 are assumed

values, the sum of squares is not zero.
Apply Solver to make C117 zero by changing J1, ]2 and J3. (i.e. cells C11, D111 and E111.)

To do this: Go to Data — Solver:

sssssssssssssvssssssssssssssssssssssssssssesssssnsssssssssssssssssssssssfilcgte]-Lucent @
www.alcatel-lucent.com/careers
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needs to be “The Shift".
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Click on Solver. We get the following window. Fill it up as shown:

Click Solve. We get following message:

Solver has found a solution. Click OK to keep the solution. We get:

161
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Observe that values of J1, J2 and J3 are shown in the respective cells.

Sum_diffA2 is almost equal to zero.

And, results of equations at Nodes 1, 2 and 3 are almost equal to zero.

Next, continue the calculations for heat transfers:

In the above heat transfers from/to each surface (Q_1, Q_2 and Q_3), and also between surfaces (Q_12,
Q_13, Q_23) are calculated using formulas given earlier. For ex. see in the Formula bar, the formula

entered to calculate Q_1 in cell C125.

Negative sign for a heat transfer indicates heat coming in to the surface.

As a check: Sum of Q1, Q2 and Q3 should be zero.

Thus:
Q1 =20482.58 W, Q2 = 405.16 W and Q3 = -20887.74 W ... Ans.

Note: Results match with those obtained with Mathcad earlier.
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(b) In addition, plot Q1 and Q12 against €1, for 0.1 < €1 < 0.9:

First, set up a Table as follows:

Now, write a VBA program to do the following:

Copy the first value of epsl from this Table to cell C87 in the Data section.

/
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Then, all other values except J1, ]2, J3 and the heat transfers, will change.
Apply the Solver to get J1, J2 and J3.
Immediately all heat transfers will get up-dated.

Then, copy Q_1, Q_12 and also SumQ1Q2Q3 (to check that it is zero) to the respective places in the Table.
Repeat these steps for the next value of epsl, etc.

Following is the VBA program, operated by a control button:

Sub Macroli)
' Macrol Macro
' Finds J1, J2 and J3 making Sumdiff"2 minimum

Feyboard Shortcut: Ctrl4Shifc+dJd

Dim i As Integer

For i = 0 To 8 'start of For ... Next loop
Range ("C87") = Cell= {132 + i, 2) 'copy the first value of epsl from the Table to cell C&87
'"Following part of the code applies Solver to minimise cell C117 by changing cells C111:E111

SolverQk SetCell:="3C3117", MaxMinVal:=2, ValueQf:="0", ByChange:=
"ECE111:EES11LN B

SolwverSolve UserFinish:=True

SolwverFinish KeepFinal:=1

Cells (132 + i, 3) Range ("C125") ‘coplies up-dated value of Q 1 to its place in Table

Cells (132 + i, 4)

Range ("C122") 'copies up-dated walue of @ 12 to its place in Table

Cells (132 + i, 35)

Range ("E127") 'copies up-dated walue of SUMQLIQZ0Q3 to its place in Tabkle
HNext 1

End Sub

Read the comments in the above program.
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Now, press the command button and the Solver is applied for each value of eps1:

Apply Kirchoff's Law at each Node:

Node J1: _1.71713E-09°

Node J2: -2.13731E-09

Node J3: -1.09903E-08
Sum_diffa2= 1.28304E-16 |

Apply Solver to make SumdiffA2 a minimum, by varying) 1,1 2 and ) 3:

Q_betwn_surfaces (W): Q_12 Q_13 Q_23

29684.3372 56875.95047 15075.40191 |..... Ans.

Qnet_from_surfaces {W)] a1 Q2 Q3
86560.29367 -14608.09353 -71951.35838|..... Ans.

Check:Q1+02+0Q3=0 SumQ10Q203= 0.0 -Verified.
And, the Table gets filled up:

eps_1 Q_1{w) Q_12(wW) SumQlQ2Q3
0.1 10337.014  2237.7%2367  6.2355E-09
0.2 20482 572 5890.97890 1.437E-08
0.3 30441.943  9477.163321 1.1154E-08
0.4 40220.207 12998.13416 -1.01427E-08
0.5 49822259 16455.65428 06.80302E-09
0.6 L0252 819 19851.42351 -2.82307E-09
0.7 08516.441  23187.08151 6.0827E-09
0.8 77617.519 26464.21038 -1.47847E-08
0.9 86560.294 20684.3372 -1.4843E-08

Note that for each case, SumQ1Q2Q3 = 0 is satisfied.
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Now, plot the results:

Electrical network method & Radiation energy
exchange between gray surfaces
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Q 12vseps_1
35000
30000
25000

20000

0_12(w)

15000

10000

5000 -

eps_3

Prob. 5.C.2.15. A cylindrical shaped furnace is 1 m dia and 1.2 m high. The top surface, having an
emissivity of 0.7 emits a uniform heat flux of 7 kW/m~2. The bottom surface with an emissivity of 0.4
is maintained at 350 K. The sides are insulated and function as reradiating surfaces. Determine the heat

transfer to bottom surface and also the temperature of top and sides.

(b) Also, plot Q1, T1 and T3 against J1, as J1 varies from 300 to 1100 W/mA2, other conditions remaining

the same.

- '/(

Fig.Prob.5.C.2.15 (a)

167

Download free eBooks at bookboon.com



Ny Q2
l—

—_— N R12 J2
I 4/“\"
e N N /\ﬁé\ Eb2
R23
RI3Z,
#.3 = Eb3
Q3=0

Fig.Prob.5.C.2.15 (b)

EXCEL Solution:

Note that in this case heat flux at the top is given and not its emissive power. So, the flux is to be taken as

radiosity of the surface. i.e. J1 = 7000 W/mA2. The equivalent radiation circuit is shown in Fig. (b) above.

Recollect that the Kirchoft’s eqns for a general three surface enclosure are:

Epi-Ty Ta-Ty Ta-Ty
+ + =

Mode ., o (13.63,3)
By Rz Sk
Epply 1io, To-1
ModeJ,; o2 2, 71772, 737, (13.63.)
E Rz By
Epals 1oy To-1
Nodedy; oo A LA TETAL (13.63.c)

Fq Fi3 Fo3

Solving these three eqns. simultaneously, we get I1, J; and Js.

However, in the above case, J1 is known, and Ebl is to be found out.

Also, for Node J3, since Eb3 = J3, the first term in eqn for Node J3 will be zero. Therefore, eps3

does not enter in to calculations. Anyway, we enter eps3 = 0.99.

So, apply the Solver to solve for Ebl, J2 and J3 from the above three eqns; have a trial values for

Ebl, J2 and J3 to start with, say equal to 1000 each.
Once Ebl is obtained, get T1 from Ebl = sigma * T1/4.
And, when J3 is known, get T3 from Eb3 =J3 = sigma * T3/4.

Use the Template prepared for the three surface enclosure.
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Next, In the EXCEL worksheet, enter data for the three surface enclosure problem, and name the cells:

In the above, A_3 is the area of the cylindrical surface = 2.n.R.L

169
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View Factors:

View factor F12 is determined with the template explained earlier, using the VBA Function for View

Factor of parallel discs. See the Formula bar below:

Need help with your
dissertation?

Get in-depth feedback & advice from experts in your
topic area. Find out what you can do to improve
the quality of your dissertation!

Get Help Now

Go to www.helpmyassignment.co.uk for more info E/Helpmyassignment
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This value of F_ij is transferred to cell D90 above. Other View factors are calculated using the View

factor algebra:

Next, enter the T2 = 350 K, For T1 and T3 enter the formulas and put Eb3 = J3.

For Ebl, J2, ]J3 enter trial values of say, 1000 each, and continue the calculations:

In the above, trial values for E_bl1, J2, J3 are entered. T1, T3 in cells C99 and E99 are calculated as:

rEpp 025
Tl=1 — 1

LY G a-.

713,029
3= =

L
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Next, important step to calculate Eb1, J2 and J3:

Enter the three Nodal equations as shown:

For Nodes 1, 2 and 3 enter the corresponding equations, obtained by applying Kirchoft’s Law, are entered.

Eqn for Node J3 can be seen in the Formula bar above.

Sum of the squares of C114 to C116 should be zero, but, in this case since Ebl, J2 and J3 are assumed

values, the sum of squares is not zero.

Apply Solver to make C117 zero by changing Eb1, ]2 and J3. (i.e. cells C102, D111 and E111.)

To do this: Go to Data - Solver:
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Click on Solver. We get the following window. Fill it up as shown:

(]
B By 2020, wind could provide one-tenth of our planet's

ra I n p O W e r electricity needs. Already today, SKF's innovative know-

how is crucial to running a large proportion of the

world’s wind turbines.

Up to 25 % of the generating costs relate to mainte-
nance. These can be reduced dramatically thanks to our
stems for on-line condition monitoring and automatic
jcation. We help make it more economical to create

Therefore we'need the best employees who can
eet this challenge!

Tr)_af Power of Knowledge Engineering

'-r:-‘%.i

e
Plug into The Power of Knowle‘ngineering.
Visit us at www.skf.com/knowledge
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Click Solve. We get following message:

Solver has found a solution. Click OK to keep the solution. We get:

Observe that values of Ebl, ]2 and J3 are shown in the respective cells.
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Also, note that temps T1 and T3 are calculated.

Sum_diffA2 is almost equal to zero.

And, results of equations at Nodes 1, 2 and 3 are almost equal to zero.

Next, continue the calculations for heat transfers:

In the above, heat transfers from/to each surface (Q_1, Q_2 and Q_3), and also between surfaces (Q_12,
Q_13, Q_23) are calculated using formulas given earlier. For ex. see in the Formula bar, the formula
entered to calculate Q_1 in cell C125.

Negative sign for a heat transfer indicates heat coming in to the surface.

As a check: Sum of Q1, Q2 and Q3 should be zero.

Thus:

Q1 =1477.72 W, Q2 = -1477.72 W, Ebl = 7810 W/m~2, T1 = 609.14 K, T3 = 553.88 K ... Ans.
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(b) Plot Q1, T1 and T3 against J1, as J1 varies from 3000 to 11000 W/mA2:

First, set up a Table as follows:

[ 4]

A | 8 | ¢ | o | e | F_ |

130,
131
m
133
134
135
136,
137,
138,
139
140

11 (W/mn2) Q. 1{w) T1 (K) T3 (K) 5umQ10Q2Q3

Now, write a VBA program to do the following:

Copy the first value of J1 from this Table to cell C111 in the Data section.

TURN TO THE EXPERTS FOR
SUBSCRIPTION CONSULTANCY

Subscrybe is one of the leading companies in Europe when it comes to innovation
and business development within subscription businesses.

We innovate new subscription business models or improve existing ones. We do
business reviews of existing subscription businesses and we develope acquisition and

retention strategies.

Learn more at linkedin.com/company/subscrybe or contact
Managing Director Morten Suhr Hansen at mha@subscrybe.dk

SUBSCRYBE - fofle fufue
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Then, all related values will change.
Apply the Solver to get Ebl, J2 and J3.
Immediately T1, T3 and all heat transfers will get up-dated.

Then, copy Q_1, T_1, T_3 and also SumQ1Q2Q3 (to check that it is zero) to the respective places in
the Table.

Repeat these steps for the next value of J1, etc.

Following is the VBA program, operated by a control button:

Macrol Macro
' Finds J1, J2 and J3 making Sumdiff"2 minimum

' Keyboard Shortcut: Ccrl+Shift+J

Dim i &s Integer

For i = 0 To 8 'start of For ... Hext loop
Bange ("C111"™) = Cells (132 + i, 2) 'copy the first value of J1l from the Table to cell C111
'Following part of the code applies Solver to minimise cell C117 by changing cells D111:E111
'and cell C102

SolverOk SetCell:="SCE2117", MaxMinVal:=2, Valus0f:="0", ByChange:= _
"£D£111:5E5111, ScElo2™

SolverSolve UserFinish:=True

SolverFinish KeepFinal:=1

Cell= (132 + i, 3) = Range ("C125") 'coples up-dated value of Q 1 to itz place in Table

Cells=s (132 + i, 4) = Range ("C%9") 'copies up-dated wvalue of Tl to its place in Takle

Cells (132 + i, 5) = Range(”EQﬂ”] 'copies up-dated wvalue of T3 to its place in Table

Cells (132 + i, 6) = Range ("E127") 'copies up-dated walue of SUMQIQZ20Q3 to its place in Table
Next i
End Sub

Read the comments in the above program.
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Now, press the command button and the Solver is applied for each value of J1 and the Table gets filled up:

Note that in each case, SumQ1Q2Q3 = 0 is satisfied.

Now, plot the results:

a_1{w)

2300
2300
2100
1900
1700
1500
1300
1100

Q00

700

500

3000 4000 5000 6000 7000 B000 9000 10000 11000

Q 1vs) 1

1_1 (W/ma2)
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T 1lvsl) 1
700
650

600 -

T 1{K)

550 4

500 -

45':' 1 1 1 1 1 1 T 1
3000 4000 3000 6000 VOO0 B000 9000 10000 11000

1_1(W/mn2)

T3vsl) 1

650
600 -

550 -

T 3(K)

500 -

45':' T T T T T T T 1
3000 4000 5000 £000 7000 8000 9000 10000 11000

1_1(w/mn2)

Prob. 5.C.2.16. Consider a cubical furnace, 1 m x 1 m x 1 m size. One of the vertical surfaces is at T1 =
1000 K, epsl = 0.8, and the base is at 400 K, eps2 = 0.4. All other sides and top surface are insulated and
can be considered as re-radiating. Calculate the net heat transfer from the surface 1, and the equilibrium

temp of the re-radiating surfaces.

(b) Also, plot Q1 and T3 as T1 varies from 600 K to 1400 K.
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EXCEL Solution:

This problem is similar to Prob.5.C.2.15.

The schematic and the radiation circuit are shown below:

Surface 1, Surface 2,
Ape. Ty Ayey. T,
e

Re-radiating surface 3,

Fig.(a) Q=
Ry
9 En I Qu I, —» E_
lw i \_.(_Qz
Q13\ Qx R=(1-€)(A€))
7
R, J“:E Ry R=(1-€)/(Are;)
3= Bz
Q;=0 Ri=1(A Fy)
Fio () R,=U(A,F o)
ig.
¢ Ro=1/(A,F,)

Fig.Prob.5.C.2.16

ant to do?

Vouwro Touexs | Resanr Toocks | Macs Toveks | Vowo Buses | Vowo Cowsteucnion Esumsest | Wowo Pesm | Vowo Aeno | Wowo IT
Vowo Fimswcer Sepnces | Vowo 3P | Vowo Powerream | Vowo Pasrs | Vowo Techwowoer | Wowo Loasncs | Busisess Anes Asie
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Now, instead of solving it with the template prepared earlier, let us write VBA Functions for Q1 and

temp of re-radiating surface, TR.
Recollect that the formulas for this case are:

To get Q1:
Epi-Em

Qp=Qy=—

tot

where, R, , is the total resistance, given by

Biot™R g+ +E 3

ie. R, .= + 4 (13.67)
tot A 1'3 1 1 '_‘!"2.3 2

:".:. :E 3+
1= 1 1 1
+
ArFyy AFgs

To get TR, first get JR by applying Kirchoff’s Law to Node J3:

Applying Kirchoft’s Law at J_3:

ALFIR A2FIR

ie. JE-(Al-FIR + A2-FIR) = J1-Al-FIE + I2-A2-FIR

. JI-Al-FIE + I2-A2-FIR
-3 JE =
(Al-FIR + A2-F2R)

1
o
[
(=)

Then: TR=|

o |5

i i

where o = Stefan Boltzmann constant.
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Following is the VBA Functions to calculate Q1 and TR, using the above equations:

To determine heat transfer from surface 1, Q1:

Function @ 1 ThreeZoneEnclosure with BReradiatingSurface (A 1 &s Doukle, & 2 Rs Double,
F 12 &s Doukle, F_1R As Doukle, F 2R &3 Doubkle, eps_1 As Double, eps 2 As Doubkle,
T 1 A= Doukle, T 2 &s Doukle) As Doukle

'Gives Q 1 = - 2 (W) for the two grey surfaces,Q R = 0 for re-radiating surface

Dim sigma As Doukle, R_1 &As Doukle, R_2 &s Doubkle, XX As Doubkle, YY As Doukle
Dim Eb 1 As Doukle, Eb_2 &4s Doubkle

sigma = 0.0000000567 '"W/mz.K"4

Eb 1 = sigma * T_1 * 4 'W/m"2, Emissive power of surface 1

Eb 2 = sigma * T_2 ~ 4 '"W/m™2, Emissive power of surface 2

E 1 (1 - eps_ 1) / feps 1 * & 1) 'surface resistance of surface 1
E 2= (1 - ep=s_2) i (eps 2 * B 2) 'surface resistance of surface 2
= ((1/ (R1*=F1R)) + (1 / (B 2 *= F 2R))) ™~ (-1}

¥Y¥ =1/ (A1 * F 12 + X¥)

Q 1 ThreeZoneEnclosure with ReradiatingSurface = (Eb 1 - Eb_2) / (R_1 + YY + R 2)
End Function

To determine temp of re-radiating surface, TR:

Function T R ThreeZoneEnclosure with ReradiatingSurface (i 1 Rs Double, A 2 R= Double,
F 12 Rs Doukle, F 1R Rs Double, F 2R As Double, eps_1 Rs Doukle, eps_2 As Doukle,
T 1 As Doukle, T 2 &s Doukle) As Doukle

E;ves I R (EK) .Ttenp of re-radiating surface

Dim sigma As Double, R 1 As Double, R 2 Rs Double, XX As Double, YY As Double
Dim Eb 1 As Double, Eb 2 As Double, Q 1 s Double, Q 2 As Double

Dim J_1 As Doukle, J_2 As Doukle, J R &s Doubkle

sigma = 0.0000000567 "W/m2.K"4

Eb 1 = gigma * T 1 ~ 4 '"W/m"2, Emissive power of surface 1

Eb_2 = sigma * T_2 ~ 4 'W/m™2, Emissive power of surface 2

R_1 (1 - eps_1) / feps_1 * & 1) 'surface resistance of surface 1

E 2 = (1 - eps_2) / {feps_2 * A 2) 'surface resistance of surface 2

Q1 =Q 1 ThreeioneEnclosure with ReradiatingSurface(4 1, & 2, F 12, F 1R, F 2R, eps 1,
eps_ 2, T 1, T 2} 'W/m2

Q2=-01 '...by heat balance

J1=Eb1-Q1*RE1 "Wm2 Radiosity of surface 1

J 2 Eb 2 - Q2 * R 2 '"W/m2, Radiosity of surface 2

Lpply Kirchoff's Law at J 3:

J
R* (L 1*F 1R+& 2*F 2R) =

R)/({1/(R_1*F 1R)})

'Then, Radiosity of re-radiating surface 3 i.e. JR is giwven by:
JE=(J1*x1*=FI1R+J2*R2*=FZ2R) / (A1*F 1R + &2 *F 2R

I_R ThreeZoneEnclosure with ReradiatingSurface = (J_R J sigma) ~ 0.25

End Function
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Now, let us solve the above problem using these VBA Functions:

First, use the template to determine the View Factors for perpendicular rectangles:

Thus, F12 = 0.2 and the other View Factors are determined using View Factor algebra, as explained earlier.

EXPERIENCE THE POW

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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Software Solutions to Problems on Heat Electrical network method & Radiation energy

Transfer: Radiation Heat Transfer — Part Il

Now, set up the EXCEL worksheet, enter data and name the cells.

exchange between gray surfaces

Note that eps3 does not enter into any calculations; so, we just fill up eps_3 = 0.999

Next, fill up the temperatures T1 and T2, given in data. T3 (i.e. temp of reradiating surface is to be found

out later, after finding out J3).

A B C D

97

98 [temps. (k) T1 T2

99 1000 400
184
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Now, to get Q1 and T3:

Use the VBA Functions written above:

Note that the Function for Q1 can be seen in the Formula bar above.

Similarly, Function for T3 can be seen in the Formula bar in the screen shot given below:

Thus:
Q1 = net heat transfer from surface 1 = 16170.29 W .... Ans.

TR = temp of re-radiating surfaces = 911.75 K ... Ans.

(b) Also, plot Q1 and T3 as T1 varies from 600 K to 1400 K.

First, prepare a Table as shown below:
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Formula bar shows the Function entered for Q1 in cell C132.

Note that reference to T1 is by ‘relative reference’ so that we can ‘drag-copy’ till the end of Table.

Similarly, for T3 also, refer to T1 by relative reference, as shown below:

Now, select cells C132 to D132 and drag-copy till the end of the Table, i.e. up to cell D140.

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

\7\‘ PDF components for PHP developers

www.setasign.com
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Immediately, all calculations are made and the Table is filled up:

A B c D
130
131 T1(K) Q_1{w) T3 (K)
132 600 1725.893 557.534
133 700 3559,654 644.077
124 800 6372.527 732.469
135 900 10463.224  821.836
136 1000 16170.287  911.751
137 1100 23872.083  1001.992
128 1200 33086.810  1092.434
139 1300 46972.493  1183.008
140 1400 63326.085  1273.670

Now, plot the results in EXCEL:

Q 1vsT_ 1

61300 -
51500 4
41500

31500

a_1{w)

21500

11500

1500 -+ T T T 1
&00 800 1000 1200 1400

T_1 (K]
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T3vs) 1

1300
1200

11400

1000

200
800

T 3(K)

700

600

500
500 800 1000 1200 1400

T_1(K)

Next, consider what happens if surface 1 is black:

i.e. put epsl = 0.999.

Immediately the results up date themselves in the worksheet:
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Now, Q1 =17441.4 W, TR = 928.54 K ... Ans.
Compare these values with Q1 = 16170.29 W and TR = 911.75 K obtained with epsl = 0.8 earlier.

Also, observe that the Table and plots have also updated themselves:

T1 (K) Q_1(w) T2 (K)
600 1861.559 565.419
700 3839.465 654.591
800 6873.448 745.245
200 11285.701 836.674
1000 17441.375 928.536
1100 25748.582  1020.654
1200 16658.391  1112.932
1300 50664.832  1205.314
1400 68304.803  1297.764
And:
Q 1vsT 1
71500 -
61500 -
51500 -
g 41500 -
|
o 31500 -
21500 -
11500 -
1500 . . . .
600 800 1000 1200 1400
T 1 (K)
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T 3vs) 1

T_3(K)

1400

800 1000 1200

T_1(K)
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5D Radiation shields

Recollect: [Ref: 1]

For two infinite, parallel plates 1 and 2, radiation shield 3, be placed between the plates:

Shield
el Surfacs 2,
Aeg, T O
Qn Qn 2€1.12
Fig.(a)
Eu I V(AF;) /(A F3,) T Ey
Q1 o MAN B A M e N g N — e
(1-e1)/(Ape;) / / (1-€5¥(Ares)

(1-e, V(A ) (L-g500(A e )

Fig.(b)

Fig.13.37 Radiation shield between two parallel plates, and associated radiation network

When there is no shield, the radiation heat transfer between plates 1 and 2 is already shown to be:
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A-c -<T 147 T 24> ....for infinitely large parallel plates.....(13.59)

iJrif]

€1 €2

Q=

Q12 one shield™

L S
€31 £32

If there are N radiation shields, we have, for net radiation heat transfer:

Ac(TtoT,!) .(13.72)
Q lzN_shields- 1 1 1 1 1 1
+—-1)+ + -1+t + -1
€1 €3 e3_1 ¢35 EN1 ¢N2

If emissivities of all surfaces are equal, eqn. (13.72) becomes:

Aoty .(13.73)
Q 12N shields= 1 1 =(N7L 1)<Q 12no shield>
- (N+1)-<+1> -
3 [

Prob.5.D.1. Write Mathcad Functions for: radiation heat transfer and temp of radiation shield for:
i) Heat transfer between two infinite, parallel plates with no radiation shield,
ii) Heat transfer between two infinite, parallel plates with one radiation shield in between,
iii) Heat transfer between two infinite, parallel plates with N radiation shields in between, and

iv) Temp of radiation shield for the case of one radiation shield between two parallel plates.

Mathcad Solution:
Inputs:

A ... area of plates, m/2

epsl, eps2 ...emissivities of two plates

eps_sl, eps_s2.. emissivities of radiation shield, on the surfaces looking towards plates 1 and 2 respectively
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T1, T2 ... temps of two plates, Kelvin

Output:

Q12.. wW

T _shield ... Kelvin

1. Infinite parallel plates with no shield:

=8 4 4}
igl-10 -ALT1I -T2
Q12_plate_no_shield{ A epsl, eps2 T1,T2) = — " " -
. . )
epsl  eps2 J
2. Infinite parallel plates with one shield in between:
56710 S-adm’ - Y
Q12_plate_one_shield(A . epsl, eps2 eps sl.eps_s2,T1.T2) = — " 1' = 1_ = n o
| + -1+ + —— 11
\epsl  eps2 ) leps_sl eps s2 )

3. To determine the equilibrium temperature of the radiation shield:
We can use either of the conditions: Q12 = Q13 or Q12 = Q32.

4 4

0752 3= n n L1376 ,3)
— -1
Bl B3
or,
H-ﬁ-{T 5 - T;}
Q7= 3= n : L 1376,b)
—+ -1
B3 g
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Function for temp of Shield:

T3 = 300 M trial value

.=l 4)
A56710 AT - T3]

1 1

(12 plate one shield{A epsl eps2 eps sl eps s2. T1. T2} =

-1
epsl  eps_sl

T shield{A epsl eps2 eps sl eps 52 T1.T2) = Find({T3)

When there are N shields, all of emissivity eps_s1 and eps_s2 on either side, plates 1 and 2 having
emissivities eps1 and eps2:
g1

Aserw Tt -
Q12_plate N_shields(N, A epsl eps2.eps_sl eps 52, T1,T2) = - i ;

Prob.5.D.2. Two large plates at 800 K and 600 K have emissivities of 0.5 and 0.8 respectively. A radiation
shield having emissivity of 0.1 on the surface facing 800 K plate and 0.05 on the surface facing 600 K

plate is placed between the two plates in parallel direction with respect to the plates. Calculate:

1) The radiation heat transfer between the two plates in presence of the radiation shield

2) The equilibrium temp of the shield

3) The rate of heat transfer between the two plates without the presence of radiation shield
[VTU - July-Aug. 2004]

(b) In addition, if the emissivity on the surface facing 800 K plate (i.e. eps_s1) varies from 0.05 to 0.35,
plot the heat transfer between the two plates (Q12) and the temp of radiation shield.
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il

Mathcad Solution:

Data:
A=1 m"2

epsl =035 eps2 =08 eps_sl =101 eps_s2 =003

T1=300 K T2=600 K

Calculations:

Use the Mathcad Functions written above:

Heat transfer with one shield:

12 plate_one shield(A epsl, eps2 eps_sl. eps_s2,T1,T2) = 308.032

Temp of the radiation shield:

T shield(A.epsl.eps2. eps sl eps 52, T1.T2) = T446.8 K.....Ans.

Heat transfer with no shield:

Q12 plate no shield{A epsl,eps2, T1,T2) = 7.036 = 10"  W.....Ans.

Radiation shields

Note that it is very convenient to make these calculations quickly with Mathcad Functions.

195
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

(b) In addition, plot the heat transfer between the two plates (Q12) and the temp of radiation
shield if the emissivity on the surface facing 800 K plate (i.e. eps_s1) varies from 0.05 to 0.35:

Write the relevant quantities as functions of eps_s1:
QM eps_sl) = Q12_plate_one shield({A epsl_ eps? eps sl eps =2, T1,T2)

Temp shield{eps_sl) = T shield{A epsl eps? eps sl eps 52 T1.T2)

eps_sl=003,007.033 _...define a range variable

360°
thinking.

Deloitte.
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Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer - Part Il Radiation shields
eps sl = M2 eps_sl) = Temp shield{eps_s1)
0.05 384873 718.864
0.07 446,762 733,303
0.08 480584 743,032
011 523254 750.041
013 54854 755.336
015 558.693 750477
017 B85.132 T52.808
018 588,797 765.54
0.21 610.336 TG7.826
0.23 G20.209 7569.764
0.25 G28.752 771433
0.27 G36.218 772881
0.29 G42.798 TT4.15
0.3 G48.641 775272
0.33 G53.863 T76.271
0.35 G58.56 777166

Now, plot the results:

Q12 W) vs eps_sl of shield

100

630
.,-'—"'_'_'_'_'_'_'_F
600 ]

Q12(eps_sl) _

N 300 /
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

T shield (E) vs eps_sl of shield

T80
.'—'—'_'_'_'_'_‘_'_

770

160

Temp shizld(eps =1
PSRRI Y /
13

20

710

100

Prob.5.D.3. Consider two large parallel plates, one at 1000 K with emissivity 0.8 and the other at 300 K
having emissivity of 0.6. A radiation shield is placed between them. The shield has emissivity of 0.1 on
the side facing hot plate and 0.3 on the surface facing cold plate. Calculate the percentage reduction in
radiation heat transfer as a result of radiation shield. [VTU - May 2007]

Mathcad Solution:
Data:
A=1 mt
epsl =08 eps2 =06 eps_sl =101 eps_s2 =03

T1 = 1000 K T2=300 K

Calculations:

Use the Mathcad Functions written above:
Heat transfer with no shield:

012 no_shield = Q12_plate no_shield{A epsl eps2 T1,T2)

8. Q12_no_shield = 2.034 x 104 W....Ans.
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Heat transfer with one shield:
012 with shield = Q12_plate_one_ shield{A. epsl. eps2 eps_sl. eps 52, T1,T2)
l.e. QL2 _with_shield = 3.947 x 10”7 W....Ans.

Therefore:

(312 no_shield — Q12 _with shield
Q12 no_shield

100

Percent_reduction =

ie. Percent_reduction = 36.35  %....percent reduction due to radiation shield ... Ans.

Prob.5.D.4. Two large plates at 800 C and 300 C have emissivities of 0.3 and 0.5 respectively. A radiation

shield having emissivity of 0.05 on both sides is placed between the two plates. Calculate:

1) The heat transfer between the two plates without radiation shield

2) The equilibrium temp of the shield

3) The rate of heat transfer between the two plates with the presence of radiation shield
[VTU - June 2012]

Mathcad Solution:
Data:
A=1 m"?

epsl =03 eps2:=03 eps s1:=003 eps_s2 =003

Tl=1073 K T2=373 K

Calculations:

Use the Mathcad Functions written above:
Heat transfer with no shield:

Q12 plate no shield{ A, epsl,eps2, T1.T2) = 1395 = 100 W.....Ans.
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

Temp of the radiation shield:
T shield(A epsl.eps2.eps_sl.eps_s2,T1,T2) = 914019 K.....Ans.

Heat transfer with one shield:

Q12 _plate_one shield(A epsl_ eps2 eps sl eps 52 T1,T2) = 1.393 = 11}3 W.....Ans.

(b) In addition, plot the heat transfer between the two plates (Q12) and the temp of radiation
shield if the emissivities on either side of shield (i.e. eps_s1 and eps_s2) vary from 0.05 to 0.35:

Let eps_s = eps_sl = eps_s2
Write the relevant quantities as functions of eps_s:
M2 eps_s) = Q12 plate one shield{ A, epsl,eps2,eps_s. eps 5, T1,T2)

Temp shield{eps_s) = T shield{A, epsl,eps2. eps_s. eps_s5,T1,T2)
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Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer — Part I Radiation shields
eps_s = 0.03_0.07..033 ....define a range variable
eps s = M2eps_s) = Temp shield{eps_s)
0.05 1.593-102 814.019
0.07 2164102 911.814
0.09 270210 808.722
0.11 3.209-102 807734
0.13 3.689-10% 805844
015 4143102 904.043
017 4 57310 802.326
019 4952102 8005586
0.21 537102 g98.119
0.23 574102 gav.621
0.25 £.092-10= 895.185
0.27 5.429-102 894809
0.29 §.75-102 §93.489
0.31 7.056-102 g92.222
0.33 7.35102 §91.004
0.35 7632102 g88.832

Now, plot the results:

QL2 W) vs eps_s of shield

3000

1000 /

6000

000

12(2p= =
Q_[wp - }-1I}I}I}

3000

2000

1000
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il

T shield (K} vs eps_s of shield

Radiation shields

Temp shield{eps_s) o

Prob.5.D.5. Two large plates have emissivities of 0.8 each. A radiation shield is place in between them.

What should be its emissivity on either surface to reduce the radiation heat transfer between the surfaces

by a factor of 10?

Mathcad Solution:
Data:

epsl =08 eps2 =108

Let eps_s = eps_s1 = eps_s2 -..emissivity of shield

Calculations:

We have:

RS S
56710 -A-\T1 -T2

Q12_plate_no_shield = — 1 1 .
| + -1
Lepsl  eps2 )

202
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Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer — Part Il Radiation shields

) S
i6l-10 -ATI -T2
Q12_plate_one_shield = ) N - N S
! - -1{+ + -1

-'.‘_ epsl  eps2 ) \eps_s  eps_s S

Taking their ratio:

-

1 1 ™
_ l + -1}
ate one shie \ eps eps
Q12 plate one shield . epsl psl J
12_plate_no_shield {1 1 \B A 1 N
QIZ_plate_no_ 1 + -1+ + -1
Lepsl  eps2 ) leps s eps s )

Then, since their ratio is 1/10 by data, we have:
.“' 3

{ ! + ! -1}

Lepsl eps2 ) 1

1 TR 1 ) 1w
| + — 11+ + -1y
Lepsl  eps2 ) leps s eps_s J

( n»‘ia A)&Graduate
o {

Find out more and apply

redefining / standards
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Solving:

1 1 IR 1 \ 1 1 )
| + -1+ + - 1}|= 10 + -1}
Lepsl  eps2 ) leps s epss ) Lepsl  eps2 )

ie. —-1=10 + -1i- |
eps_s Lepsl  eps2 ) lepsl  eps2 )
e eps 5 = = _-~ = B
- i1 1 o1 1 )
1+ 10+ + -1 + -1}
Lepsl  eps2 ) Lepsl  eps2 )

l.e. eps_s=0138 .required emissivity of shield to reduce heat transfer to

one-tenth..Ans.

Prob.5.D.6. The net radiation from the surface of two parallel plates maintained at temperatures T1
and T2 is to be reduced by 79 times. Calculate the no. of screens to be placed between two surfaces to

achieve this reduction in heat exchange, assuming the emissivity of screens as 0.05 and that of surfaces
as 0.8. [M.U. 1997]

Mathcad Solution:

Data:

epsl = 0.8 eps2 = 0.8 eps_s = 003
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Calculations:

Let M be the no. of screens required.

N=3 . tralvalue
Given
1 1
epsl  eps2 _ 1
1 1 iE 1 T
+ -1+ Ny —+ — -1
epsl  eps2 leps_ s eps_ s
Find{M) = 3 ....Mo. of screens reqd.... Ans.

Prob.5.D.7. Two very large parallel plates with emissivities 0.3 and 0.7, exchange heat. Find the percentage
reduction in radiation in heat transfer when two polished Aluminium radiation shields (¢_s = 0.4) are
placed between them. [M.U. Dec. 2000]

Mathcad Solution:
Data:
epsl =03 epsd = 0.7 eps_s =04

Calculatiobs:

We have:

i.e. by introducing 2 radiation shields, the heat transfer is reduced to 32% of that without the
shields.....Ans.
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

Prob.5.D.8. Write Mathcad Functions for radiation heat transfer and temp of radiation shield for:

1) Heat transfer between two infinite, concentric cylinders with no radiation shield,

2) Heat transfer between two infinite, concentric cylinders with one radiation shield in between,

3) Heat transfer between two infinite, concentric cylinders with two radiation shields in
between, and,

4) Temp of radiation shield for the case of one radiation shield between two concentric

cylinders.
Ijoined MITAS because L,
I wanted real responsibility www.discovermitas.com

I was a construction
SUPErvisor in

the North Sea
advising and

e Lelping foremen
% solve problems

MAERSK
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Recollect:

For concentric cylinders:

Surface 1,
Ale T,

Surface 2,
J':ILE=E: =-.|.—3

| -Shield, 3
;. T,

E':"l Jl 1“‘(‘4']_'P]_': :] ](‘ai.s_:F}:j .r:

Q
(1-e)/(A€) / /

(1 ‘Es:lj’.(*":'i_*--es;j (I‘Esgj"'(*ﬂis-es::j

Fig (b)

For concentric cylinders with no radiation shield:

Q= ....far infinitely long concentric cylinders
1l 1
—+ -1
=1 (Aaz) |z
where
A 1=I'1
:".n.: f_"_u

Download free eBooks at bookboon.com

(1-€,) (A6 )

(13.60)



For concentric cylinders with one radiation shield in between:

) 4 4
_JJ.I'J'{II—I:}
A
S T et W AL B
2 Azl lzsn =3

..for concentric cylinders with one radiation shield.. (13.77)

Q12
l_ar_a_stialc 1 A 1
-+ -
2 1 -‘1'-!- A

In eqn. (13.77), we have: (A//A)) = (r,/r,), and (A /A)) = (r /r,).

Mathcad Solution:
Inputs:

R1, R2, R_shield ...radii of inner cylinder, outer cylinder and the radiation shield placed between them

Al, A2 ... surface areas of inner and outer cylinders, mA2

epsl, eps2 ...emissivities of inner and outer cylinders facing each other

eps_sl, eps_s2 .. emissivities of radiation shield, on the surfaces looking towards inner cylinder 1 and

outer cylinder 2 respectively

T1, T2 ... temps of two cylinders, Kelvin

Output:

Ql2... W,

T _shield ... Kelvin

1. @12 for Long, concentric cylinders, with no radiation shield:

Q12 Concentric_cyl(R1.R2.L epsl. eps2, T1,T2) =
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

2. ()12 for Long, concentric cylinders, with one radiation shield:
Q12 Concentric_cyl One_shield(R1, B2 E_shield L epsl, eps eps_sl eps 52, T1, T2} =

56710 (2 m-r1)ATr? - 2
1 le_ll"l i 1 b i El AV 1 1 A
+ = -1+ - + -1
epsl VB2 )\ eps2 ) L\ E _shield /' eps_ sl eps s2 )

3. 012 for Lona, concentric cylinders, with two radiation shields:
Q12 Concentric_cyl_Two_shields(R1. E2 R sl B _s2. I epsl, eps2 eps sl eps 52, T1. T2) =
567107 S(2-z-r1L)T1* - T2

1 (RIV[ 1 Vo Ry 1 AR TER 1 )
+1= -1+ ! + -1+ -t + -1
epsl VB2 )\ eps2 ) LB sl,)\eps_ sl eps_s2 ) LB s2)'eps sl oeps_s2 )

ﬁ business
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4. Temp. of radiation shield (T3), kept between concentric cylinders:

Equilibrium temp. of shield:
Let the equilibrium temp. of shield be T,

In steady state, we have:
Q12 one shietd = Q13= Q32

Q42 with one shield is already calculated. Q45 or Q45 is calculated using eqn.for concentric
cylinders with no shield.

Letustake: Qg3 gne shietd = Q13

. _Atedmt -1
- Qll_nne_slﬁeld_ 1 AL 1

. —1f
2y WAz

Applying the above equation, we write, using the ‘Solve block’ of Mathcad:

T3 = 300 K _trial value

Given
4 4 (.4 4}
\T1 -T2} _ \T1 - T3]
1 "Rl 1 1" ( Rl 1 1 . 1 " Rl V1 1"-_
epsl L B2, eps2 B _shield ) | eps_s1  eps_s2 epsl xR_shieldf.'- :x_eps sl .-'-
= Find{T3)

T opialq(F1.F2,B_shield epsl. eps2 eps_sl.eps _s2,T1.T2)

Note: In the above, T_shield is written as a function of R1, R2,....T1, T2.

This will make it very convenient to calculate the temp of shield, and also to make parametric

analysis and draw graphs.
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Prob.5.D.9. Write Mathcad Functions for radiation heat transfer and temp of radiation shield for:

1) Heat transfer between two concentric spheres with no radiation shield,
2) Heat transfer between two concentric spheres with one radiation shield in between,
3) Heat transfer between two concentric spheres with two radiation shields in between, and,

4) Temp of radiation shield for the case of one radiation shield between two concentric spheres

Recollect:

For concentric spheres:

Surface 1,
Ale T,

Surface 2,
‘L‘ILE:E: =-.|.—3
| -Shield, 3
;. T,
I
_r:
Fig (a)
E. I VAL FL) V(A5 Fs) 1, E.
Q
(1-€)/(A € ) / / (1-€)/(Aye;)

(1-65 )A€ ) (1-€50)/(Ay6,)

Fig (b)

For concentric spheres with no radiation shield:

--- for concentric spheres

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

For concentric spheres with one radiation shield in between:

4 4
_ _Ji.li[rl—rz]

Qup
one shisld 4 _—'5_1 1 _-":.1 1 1
) [— Y — : + -1
Ty g g Azllzsr 230

---- for concentric spheres with one radiation shield

In the above eqns. we have:

“I studied
English for 16 P
years but...
...I finally

learned to

speak it in jus
Six lessons”

Jane, Chinese architect
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"
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Mathcad Solution:

Inputs:

R1, R2, R_shield ...radii of inner cylinder, outer cylinder and the radiation shield placed between them
Al, A2 ... surface areas of inner and outer cylinders, mA2
epsl, eps2 ...emissivities of inner and outer cylinders facing each other

eps_sl, eps_s2 .. emissivities of radiation shield, on the surfaces looking towards inner cylinder 1 and

outer cylinder 2 respectively
T1, T2 ... temps of two cylinders, Kelvin

Output:

QI2.. W
Temp_shield ... Kelvin

1. Q12 for concentric spheres, with no radiation shield:

2| 211 4 41
AFIES: TRi A 5 R o
1 (RIV( 1
+1—1 -1
epsl L R2) | eps2 /

567-10
(312 Concentric_spheres(R1 B2 epsl eps2 T1. T2} =

2. Q12 for concentric spheres, with one radiation shield:

Q12 _Concentric_sph One shield{E1,F2 F_shield ,epsl eps2 eps_sl,eps 52, T1. T2) =

1 (RIS 1 N ROV 1
| I - HES Pl + -1
epsl L B2/ | eps2 S VB _shield ) | eps sl eps_s2 /
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3. Q12 for concentric spheres, with two radiation shields:

(012 Concentric_sph Two_shields(R1, B2 E s1 B =2 epsl eps? eps sl eps 2. T1,T2) =

R 2.4 Al
567-10 4RI AT -T2
1 [RIV 1 RO 1 WO RLAYOO1 1
+ 1 — - -1+ e + —-1i+: Pl +
epsl LRI ) | eps2 g LWB sl) \eps sl eps s g VR s2) leps sl eps s2

4. Temp of radiation shield (T3), kept between concentric spheres:

Equilibrium temp. of shield:

Let the equilibrium temp. of shield be T,

In steady state, we have:

Q12 one shietd = @13= U3

4z with one shield is already calculated. Q45 or Q45 is calculated using eqn.for concentric

spheres with no shield.

Let us take:

[K=3

Q 12_one shield = ]

Q12 one shield = Q13

Ale-lT1? - T3
Fa1hy 1
| = |1 -1

|
Vi

2y LA 2y

Remember that now, surface area ratio, (A1/A3) = (R1/R_shield)? for a sphere.

Applying the above equation, we write, using the ‘Solve block’ of Mathcad:

T3 = 300 K..__trial value
Given
.4 4 |4 4l
\T1 -T2, _ Tl - T3 )
1 (R 1 Y RO 1 1 R O[O
—_ = -11 —1t |

epsl |\ R2) . LM epsl

P+ 1 +
J L F_shield /] | eps sl eps_s2

+1 | |
epsl | R _shield /] | eps sl

Temp piaq(F1.R2.F_shield.epsl.eps2.eps_sl.eps_s2.T1,T2) = Find(T3)
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

Note: In the above, Temp_shield is written as a function of R1, R2,....T1, T2.

This will make it very convenient to calculate the temp of shield, and also to make parametric

analysis and draw graphs.

Prob.5.D.10. Two long, concentric cylinders have diameters of 40 and 80 mm. The inside cylinder is at
800 C and the outer cylinder is at 100 C. Inside and outside emissivities are 0.8 and 0.4. Calculate the
percent reduction in heat transfer if a cylindrical shield of 60 mm dia and emissivity of 0.3 is placed

between the cylinders. Also, calculate the equilibrium temp of the shield.

(b) Plot the percent reduction in heat transfer and the Shield temp as emissivity (on either side) of shield

varies from 0.05 to 0.35.
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Surface 1,
Ale T,

Surface 2,
‘L‘ILE:E: =-.|.—3

| -Shield, 3
;. T,

Mathcad Solution:

Let us use the Mathcad Functions written above in Prob.5.D.8.
Data:

Rl=002 m R2=004 m B shield =003 m L=1 m... assumed

1
f:i
Laa

epsl =08 eps2 =04 eps s1=103 eps_s

Tl=1W073K T2=3713 K

Calculations:

Heat transfer with no shield:

012 no shield = Q12 Concentric cyl(RE1. B2 L epsl_eps2 T1,T2)

s

e Q12 no_shield = 4,653 = 10 W .... Ans.

Heat transfer with one radiation shield:

Q12 with shield = Q12 Concentric_cyl One shield{E1,B2 R shield L. epsl. eps2. eps sl eps 52, T1,T2)

ie. Q12_with_shield = 1.611 % 107 W .... Ans.
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

Therefore:

012 no_shield — Q12_with_shield
012 no_shield

Percent_reduction = 100

e Percent_reduction = 63385 % .... reduction because of the shield....Ans.

Equilibrium temp of the Shield:

T_shield = T 4;44(R1.F2.R_shield .epsl.eps2.eps_sl.eps_s2 T1.T2)

l.e. T shield = 911835 K=638.835C .... Ans.

Plot the percent reduction in heat transfer and the Shield temp as emissivity (on either side) of
shield varies from 0.05 to 0.35:

Write the relevant quantities as functions of eps_s:

Let: eps sl=eps s2=eps s ..since emissivity on either side of shield is same

Then, we have:

Q12 no_shield = Q12 Concentric_cvl(R1,B2.L epsl eps2, T1,T2) ..does not depend on eps_s

Q12 with_shield{eps_s) = Q12_Concentric_cyl One shield(E1,F2 B _shield L, epsl,eps2 eps_s,eps_s,T1.T2)

012 no_shield — Q12 _with_shield{eps_s)
(312 no_ shield

Percent_reduction{eps_s) = -100

T_shield(eps_s) = T ;.q(FL1.R2.F_shield .epsl.epsl.eps_s.eps_s, T1.T2)
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Now, compute the Parametric Table and plot the graphs:

eps_s=003,007.035 ... define a range variable
eps_s = Percent reduction{eps_s) T shield{eps_s)
0.05 92857 906.864
0.07 a0.187 907.351
0.08 g7.615 807.818
011 85.135 908.269
013 g82.743 a08.703
015 g0.435 gpa.1z2
017 78.2058 a09.525
018 76.05 909915
0.21 73.867 810.291
023 71.851 910.654
0.25 70 8911.005
027 68.11 911.345
0.28 65.2749 911674
0.31 64.504 911.993
0.33 G2.782 912302
0.35 61.111 912601

Percent reduction in Q12 vs eps_shield

100

Percent_reduction{eps_s) 20
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Temp of Shield (K) vs eps_shield

g12

011

T zhisld(eps =)
_— - 010

G09

208

&07

c06

laa
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1] 0.03 0.1 013 02 023 03 0.

Prob.5.D.11. A spherical tank with diameter D1 = 40 cm, filled with a cryogenic fluid at T1 = 100 K, is
placed inside a spherical container of diameter D2 = 60 cm, maintained at T2 = 300 K. Emissivities of

inner and outer tanks are €1 = 0.10 and €2 = 0.20 respectively.
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1) Find the rate of heat loss into the inner vessel by radiation
2) If a spherical radiation shield of diameter D3 = 50 cm, with an emissivity €3 = 0.05 on both

surfaces is placed between the spheres, what is the new rate of heat loss?
[M.U. Jan. 2002]

Sphere 1,
€,=01T=100K

Sphere 2,
€,=02.T,=300K

Shield 3, T,
€5, =0.05, €;,=0.05

=02m
r;=025m
ro=03m
Fig.(a)
E:.]_ Il 1 '(.—"L]_.].: 13J 1 .('%E'I:EIJ .]-: b
Qg MY g A e AN AW e W M e
(1€ (Are,) e / (1-e)(Are, )

(1-€31)/(As€3;) (1-€32)(Aszes;)

Fig(b)

Fig. Prob.5.D.11

Mathcad Solution:

Let us use the Mathcad Functions written above in Prob.5.D.9.

Data:

El=02 m FE2=03 m E_shield =023 m

-

epsl =01 eps2 =02 eps sl =003 eps_s2 =003

Tl= 100K T2 =300 K
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Calculations:
Heat transfer with no shield:

Q12 _no_shield = Q12 _Concentric_spheres(R1, B2 epsl eps2, T1,T2)

e Q12 no shield = -19.359 W ....negative sign indicates heat flow into the
inner cylinder... Ans.

Heat transfer with one radiation shield:

12 with_shield = Q12_Concentric_sph_One_shield(R1.F2.E_shield .epsl,eps2.eps_sl.eps_s2.T1, T2}

ie. Q12_with_shield = -5.206 W ..negative sign indicates heat flow into the
inner cylinder.... Ans.

Therefore:

012 no shield — Q12 with shield
Q12 no_shield

100

Percent reduction =

ie. Percent_reduction = §7.941 % .... reduction because of the shield....Ans.

Equilibrium temp of the Shield:

T_shield = Tempp;44(F1.F2.R_shield, epsl.eps2.eps_sl.eps_s2.T1.T2)

i.e. T shield=264%12 K=-8.08C.... Ans.

Plot the percent reduction in heat transfer and the Shield temp as emissivity (on either side) of
shield varies from 0.05 to 0.35:

Write the relevant quantities as functions of eps_s:

Let: eps sl=eps s2=eps s ...since emissivity on either side of shield is same

Then, we have:
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Q12_no_shield == Q12 Concentric_spheres(R1 B2 epsl_eps2,T1,T2) ..does not depend on eps_s
Q12 _with_shield{eps_s) = Q12 Concentric_sph One_ shield(R1 B2 E_shield . epsl,eps2 eps s, eps 3, T1,T2)

Q12 _no_shield — Q12 _with_shield{eps_s) 100

Percent_reduction{eps_s) = Q12 no shield

T_shield{eps_s) = Temp_p;.q(F1.R2.R_shield .epsl.epsl.eps s.eps_s,T1.T2)
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Now, compute the Parametric Table and plot the graphs:

eps_s = 003,007.035 ... define a range variable
eps s = Percent reduction{eps_s) T shield{eps_s)
0.08 57.941 264.919
0.7 50.972 267.637
0.09 53.558 268.765
0.1 43234 271.478
013 43872 272.886
015 40127 274.066
07 36.907 275.067
019 34.109 275.928
0.21 31.656 2TB.E7T
0.23 29.4587 277.334
0.25 27.556 277.915
027 25.826 278.432
0.29 24.266 278.896
0.31 22.854 278.315
0.33 21.568 279.694
0.35 20.393 280.039

Percent reduction in Q12 vs eps_shield

50
Percent reduction{eps _s) \
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Prob.5.D.12. Write EES Functions for radiation heat transfer without and with radiation shield for the
cases of: (i) infinite, parallel plates (ii) infinite, concentric cylinders, and (iii) concentric spheres. Also

write Functions to determine the equilibrium temp of the radiation shield.

EES Solutions:
Equations for these cases are already given earlier.
Now, the EES Functions:

In the following Functions:

Inputs:

In case of cylinders and spheres:

1.... denotes the inner cylinder / sphere, and]

2... denotes outer cylinder / sphere

R1 .... Radius of inner cylinder / sphere, (m)

R2 .... Radius of outer cylinder / sphere, (m)

R_shield .... Radius of radation shield placed between 1 and 2, (m)
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A ... area of plates, (mA2)

epsl, eps2 ...emissivities of two plates or cylinders or spheres

eps_sl, eps_s2 .. emissivities of radiation shield, on the faces looking towards surfaces 1 and 2 respectively

T1, T2 ... temps of two plates or cylinders or spheres, (K)

Output:

Q12 ... net heat transfer between surfaces 1 and 2, (W)

T_shield ... equilibrium temp of shield, (K)

$UnitSystem SI Pa J C
FUNCTION Q12_parallel_plates(A,eps_1,eps_2,T1,T2)
sigma:=5.67E-08 “[W/mA2-KA4]”

sssssssssssssvssssssssssssssssssssssssssssesssssnsssssssssssssssssssssssfilcgte]-Lucent @
www.alcatel-lucent.com/careers

"'

o

One generation’s transformation is the next’s status quo.

In the near future, people may soon think it's strange that
devices ever had to be “plugged in.” To obtain that status, there
needs to be “The Shift".
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Q12_parallel_plates:=(A * sigma * (T1/4 - T2/4)) / (1/eps_1 + 1/eps_2 -1)

END

FUNCTION Q12_parallel_plates_one_shield(A, eps_1, eps_2, eps_sl, eps_s2, T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Q12_parallel_plates_one_shield:=(A * sigma * (T1/4 - T274)) / ((1/eps_1 + 1/eps_2 -1) + (1 / eps_sl
+ 1/eps_s2 -1))

END

FUNCTION Temp_Shield_parallel_plates(A, eps_1, eps_2, eps_sl, eps_s2, T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Temp_Shield_parallel plates:=(T1/4 - Q12_parallel plates_one_shield(A, eps_1, eps_2, eps_s1, eps_s2,
T1,T2) * (1 /eps_1 + 1/ eps_sl — 1) / (A * sigma))"0.25

END

FUNCTION Q12_parallel_plates_N_shields(A, N, eps_1, eps_2, eps_s1, eps_s2, T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Q12_parallel_plates_N_shields:=(A * sigma * (T124 - T2/4)) / ((1/eps_1 + 1/eps_2-1) + N * (1 / eps_s1
+ 1/eps_s2 -1))

END
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FUNCTION Q12_concentric_cyl(R1, R2, L, eps_1, eps_2,T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Q12_concentric_cyl:=(2 * pi * R1 * L * sigma * (T174 - T2/4)) / (1/eps_1 + (R1 / R2) * (1/eps_2 -1))
END

FUNCTION QI12_concentric_cyl_one_shield(R1, R2,R_shield, L, eps_1, eps_2, eps_s1, eps_s2, T1,T2)
sigma:=5.67E-08 “[W/mA2-KA4]”

Q12_concentric_cyl_one_shield:=(2 * pi * R1 * L * sigma * (T1/4 - T274)) / (1/eps_1 + (R1/ R2) * (1/
eps_2 -1)+ (R1 / R_shield) * (1/eps_s1 + 1/eps_s2 -1))

END
FUNCTION Temp_Shield_concentric_cyl(R1, R2,R_shield, L, eps_1, eps_2, eps_s1, eps_s2, T1,T2)
sigma:=5.67E-08 “[W/mA2-KA4]”

Temp_Shield_concentric_cyl:=(T174 - Q12_concentric_cyl_one_shield(R1, R2,R_shield, L, eps_I,
eps_2, eps_sl,eps_s2, T1,T2) *(1/eps_1 + (R1/R_shield) * (1/eps_s1 -1)) / (2* pi * R1 * L * sigma))~0.25

END

FUNCTION Q12_concentric_spheres(R1, R2, eps_1, eps_2,T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Q12_concentric_spheres:=(4* pi* R1A2*sigma * (T1/4 - T274)) / (1/eps_1 + (R1/R2)A2* (1/eps_2-1))
END
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FUNCTION Q12_concentric_sph_one_shield(R1, R2,R_shield, eps_1, eps_2, eps_s1, eps_s2, T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Q12_concentric_sph_one_shield:=(4 * pi * R1A2 * sigma * (T1/4 — T2/4)) / (1/eps_1 + (R1/ R2)A2 %
(1/eps_2 -1)+ (R1 / R_shield)A2 * (1/eps_s1 + 1/eps_s2 -1))

END

FUNCTION Temp_Shield_concentric_spheres(R1, R2,R_shield, eps_1, eps_2, eps_s1, eps_s2, T1,T2)

sigma:=5.67E-08 “[W/mA2-KA4]”

Temp_Shield_concentric_spheres:=(T144 - Q12_concentric_sph_one_shield(R1, R2,R_shield, eps_1,
eps_2,eps_sl,eps_s2,T1,T2)*(1/eps_1 + (R1/R_shield)A2* (1/eps_s1-1))/(4* pi* R1A2* sigma))~0.25

END

/
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Now, let us use the above EES Functions to solve some problems:

Prob.5.D.13. Two very large parallel planes, with emissivities 0.3 and 0.8 exchange heat. Find the
percentage reduction in heat transfer when a polished Aluminium shield (eps = 0.04) is placed between
them. [VTU - May/June 2010]

EES Solution:

We have:
012 Ao (Mt - 12
parallsl plates - 1 1
+ .
eps eps:
012 ) Ao (T1Y - T2%)
parallel plstes ons shisll - _1 _1 _1 ..I
+ - 1 + + -
eps: epss EpSa: EpSa:

Therefore, taking the ratio of Q12 with shield to that without shield:

1 1
+ -1
) BpS Bps;
Ratio =
1 1 1 1
+ - 1 + + —
Eps: Epss EQS=y =

In EES data and this eqn for Ratio are entered:
“Data:”

eps_1=10.3
eps_2=0.8
eps_sl = 0.04
eps_s2 = 0.04

Ratio = (1/eps_1 + 1/eps_2 - 1) / ((1/eps_1 + 1/eps_2 - 1) + (1/eps_s1 + 1/eps_s2 - 1))

And, Results:
Unit Settings: S1 C Pa J mass deg

epsq =03 epsz= 08 epsg = 0.04 eps,.z =004 Fatio = 0.06815

i.e. Q12 with shield is 6.815% of that without shield.... Ans.
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Prob.5.D.14. Two large parallel planes with emissivity 0.6 are at 900 K and 300 K. A radiation shield
with one side polished and having emissivity of 0.05 and the other side unpolished with emissivity 0.4
is proposed to be used between them. Which side of the shield should face the hotter plane if the temp
of the shield is to be kept minimum? Justify your answer. [VTU - June 2012]

(b) Also, for the case 1, plot Q12_with_shield and T_shield as eps_s1 (i.e. emissivity of shield surface
facing the 900 K surface) varies from 0.05 to 0.4:

EES Solution:
We shall use the EES Functions written above:
“Data:”

A — 1“[m/\2]»

eps_1=0.6
eps_2=0.6
eps_sl = 0.05 “.facing surface 1”

»

eps_s2 = 0.4 “.... facing surface 2

T1 = 900“[K]”
T2 = 300 “[K]”
“Let:

Case 1: polished surface of shield is facing the hot surface 1

Case 2: unpolished surface of shield is facing the hot surface 1”
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Q12 = Q12_parallel_plates(A,eps_1l,eps_2,T1,T2)“...when there is no shield”

Q12_shield_casel = Q12_parallel_plates_one_shield(A, eps_1, eps_2, eps_s1, eps_s2, T1,T2) “.polished

surface facing hotter plate”

Q12_shield_case2=Q12_parallel_plates_one_shield(A,eps_1,eps_2,eps_s2,eps_s1,T1,T2) “.unpolished

surface facing hotter plate”
T_shield_casel = Temp_Shield_parallel_plates(A, eps_1, eps_2, eps_s1, eps_s2, T1,T2) “..for case 1”
T_shield_case2 = Temp_Shield_parallel_plates(A, eps_1, eps_2, eps_s2, eps_sl, T1,T2) “..for case 2”

Results:

Unit Settings: 51 C Pa J mass deg
{Table 1. Run 8)

A =1 [md eps1=06 epso=06 epsg =04
epsgz =04 012 =15746 [W] O Zshield casel = 5801 W] 012 shield case2 = 5801 W]
T1 =900 [K] T2 =300 [K] Tstield.caset = 7591 [K]] | Tshieid case2 = 7521 [K]|
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Thus:
For case 1: Temp of shield =554 K ... Ans.
For case 2: Temp of shield = 868.9 K .... Ans.

Therefore, use option 1 for minimum temp of shield.

(b) Also, for case 1, plot Q12_with_shield and T_shield as eps_s1 (i.e. emissivity of shield surface
facing the 900 K surface) varies from 0.05 to 0.4:

First, compute the Parametric Table:

Table 1 |
' | [l b

P BPSgy Q124hiei, case1| Tshiel,caset
Run 1 0.05 1542 hod
Run 2 01 2656 623.9
Fun 3 014 3499 671.7
Run 4 0.2 4159 7002
Run 5 0.25 4690 7208
Run 6 0.3 5127 736.6
Run 7 035 5492 749
Run 8 04 5801 7591

Next, plot the results:

6000

Q1 21,.m-| chield (W] VS 8pPS%s of shield

2000

P
=
=
=

Q12¢hield,case1 [W]
S
L]

(]
=
=
=

1000 4

€PSs1
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Prob.5.D.15. Two parallel plates at T1 = 900 K and T2 = 500 K have emissivities epsl = 0.6 and eps2 =
0.9 respectively. A radiation shield having an emissivity eps_s1 = 0.15 on one side and epas_s2 = 0.06 on
the other side is placed between the plates. Calculate the heat transfer rate per sq. m. with and without

radiation shield.

(b) Also. Find out the equilibrium temp of the shield (c) Plot Temp of shield as the emissivity eps_s1 of
shield varies from 0.05 to 0.4.

EES Solution:
We shall use the EES Functions written above.

“Data:”

NZANsd {0

Eéé| NZMS

Eéé| OZaMYV

Eé 8| sNZMRNR=KK Az O=61 8V AR
Eé 8| s0ZMB=IN Ad O &N AE=O<
q NZ=VMMesh 7<

q OZRMVEsh <
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“Calculations:”

Q12 = Q12_parallel_plates(A,eps_1l,eps_2,T1,T2)“...when there is no shield”

Q12_shield_casel = Q12_parallel_plates_one_shield(A, eps_1, eps_2, eps_s1, eps_s2, T1,T2) “.polished

surface facing hotter plate”

T_shield = Temp_Shield_parallel_plates(A, eps_1, eps_2, eps_sl, eps_s2, T1,T2) “..equilibrium temp
of shield”

Results:

Unit Settings: 51 C Pa J mass deg

A =1 [md] eps1=06 epsz=09 epsg =015
eps,z = 0.06 o2 =18932 [W]| O 2ghield,cazel = 1396 ] T1 =300 [K]
TZ =500 [K] Tihield= 830,49 [K]

Need help with your
dissertation?

Get in-depth feedback & advice from experts in your “

topic area. Find out what you can do to improve
the quality of your dissertation!

Get Help Now

Go to www.helpmyassignment.co.uk for more info E:/Helpmyassignment
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Thus:
Q12 without shield = 18932 W/mA2 .... Ans.
Q12 with shield = 1396 W/mA2 ... Ans.

Temp of shield = 830.4 K ... Ans.

(b) Also, plot Q12_with_shield and T_shield as eps_s1 (i.e. emissivity of shield surface facing the
900 K surface) varies from 0.05 to 0.4:

First, compute the Parametric Table:

- (s (hd [

p PS5t |W1Zghie caset|  Tshien

e (W] [
Fun 1 0.05 898.9 7571
Hun 2 01 1226 8076
Run 3 0.15 1396 8304
Run 4 02 1500 843.5
Run & 0.25 16710 842
Hun 6 0.3 1620 853
Run 7 0.35 1658 862 4
Run & 04 1688 865.8

And, plot the results:

1700

[ Q1 2yith shielg (VW) vs epssq of shield

1600
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= 1400
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- 1300
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shield
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800
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€PSs1
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“Prob.5.D.16. A cryogenic fluid flows in a pipe of 10 mm OD at a temp of 100 K. It is surrounded by
another coaxial pipe of 13 mm OD. Space between the pipes is evacuated. The outer pipe is at 280 K.
Emissivities of both surfaces is 0.3. (b) If a shield of emissivity of 0.05 on either face and dia of 11.5 mm
is placed between the pipes, determine the percentage reduction in heat flow. Determine the radiant

heat flow for a 3 m length. Also, calculate the equilibrium temp of the shield.

(c) Plot the Percentage reduction and the equilibrium temp of the shield as emissivity of shield varies
from 0.05 to 0.3”

Sutface 1,
Ae T

Surface 2,

‘L"LE:EE =T3

-Shield, 3
€;.T;
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EES Solution:
“Data:”

RI = 0.005 “[m]”
R2 = 0.0065“[m]”
R_shield = 0.00575 “[m]”

L — 3 (([m]»

eps_1=0.3
eps_2=10.3
eps_sl = 0.05
eps_s2 = 0.05
T1 =100 “[K]”

T2 =280 “[K]”

(]
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“Calculations:”

Q12 = Q12_concentric_cyl(R1, R2, L, eps_1, eps_2,T1,T2)

Q12_shield = Q12_concentric_cyl_one_shield(R1, R2,R_shield, L, eps_1, eps_2, eps_s1, eps_s2, T1,T2)

T_shield = Temp_Shield_concentric_cyl(R1, R2,R_shield, L, eps_1, eps_2, eps_sl, eps_s2, T1,T2)

PercentReduction = (Q12 — Q12_shield) * 100 / Q12

Results:

Unit Settings: S| C Pa J mass deg

eps1=0.3 epsa=0.3 eps,1 =005
epsgs = 0.05 L=3 [m] FercentReduction = 8686 [*]
|a123hie|d - -0.3276 [W]| Rl = 0,005 [m]
RZ =0.0085 [m] Fihield = 0.00575 [m] T1 =100 [K]
T2 =280 [K] Tahiald= 237.4 [K]
Thus:

Q12 without shield = -6.301 W.... negative sign indicates flow towards the inner pipe which is at a

lower temp .... Ans.

Q12 with radiation shield = - 0.8276 W ... negative sign indicates flow towards the inner pipe

which is at a lower temp .... Ans.

Equilibrium temp of shield = T_shield = 237.4 K ... Ans.

To plot the Percentage reduction and the equilibrium temp of the shield as emissivity of shield varies

from 0.05 to 0.3:
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First, compute the Parametric Table, keeping both eps_s1 = eps_s2 = 0.05, 0.1, 0.15 ..... 0.4.

: ™ hdk ] « &
P BPSaq epSgz PercentReduction Taniei
. [%] [K]
Run 1 0.05 0.05 66.86 2374
—— 01 T G 26 91 238 9
— T E— re o e 5 s
Run 4 0.2 0.2 60.41 2393
Run 5 0.25 0.25 54.27 239.7
Run & 0.3 0.3 49 2401
Run 7 0.35 0.35 44 43 2404
Run 8 0.4 04 40.41 240.7

Now, plot the results:

I Percent Reduction in heat flow vs emissivity of Radiation shield ]
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' Temp of shield vs emissivity of Radiation shield
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“Prob.5.D.17. Two coaxial cylinders of diameters D1 = 0.1 m and D2 = 0.3 m and emissivities eps1 =
0.7 and eps2 = 0.4 are maintained at temps T1 = 800 K and T2 = 500 K respectively. A coaxial shield of
diameter D3 = 0.2 m and emissivity eps_s on both its surfaces is placed between the cylinders. Determine
eps_s if the radiation heat transfer between the cylinders is to be reduced to 15% of that without the

radiation shield. What is the equilibrium temp of the shield at that time?”

Surface 1,
Ale . T,

Surface 2,
‘L.IL:=E: =T2

| ~-Shield. 3
g, T,

EES Solution:
“Data:”

R1=0.05“[m]”
R2 =0.15“[m]”
R_shield = 0.1 “[m]”

L - 1 (([m]”
eps_1=10.7
eps_ 2=04

“Let: eps_s1 = eps_s2 = eps_s ... emissivity of shield”

T1 =800 “[K]”

T2 =500 “[K]”
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“Calculations:”

Q12 = Q12_concentric_cyl(R1, R2, L, eps_1, eps_2,T1,T2) “.... heat transfer without radiation shield”

Q12_shield = Q12_concentric_cyl_one_shield(R1, R2,R_shield, L , eps_1, eps_2, eps_s, eps_s, T1,T2)

“....heat transfer with shield”
Q12_shield = 0.15* Q12 “....given condition that heat transfer with shield is 15% of that without shield”
T_shield = Temp_Shield_concentric_cyl(R1, R2,R_shield, L, eps_1, eps_2, eps_s, eps_s, T1,T2)

Results:

Unit Settings: 51 C Pa J mass deqg

epsq =07 epsy=04 eps, = 00575 L=1 [m]
D12 = 3206 W] 012 hielg =480 [W]| F1 =005 [m] F2 =015 [m]

Fihiald = 0.1 [m] T1 =800 [K] TE =500 [K] |T3hie|d=EE|2.? [K]|

Thus:

Q12 without shield = 3206 W .... Ans.

Q12 with shield = 480.9 W .... Ans.

Their ratio is = (480.9 * 100) / 3206 = 15% .... Verified
Emissivity of shield to achieve this = eps_s = 0.0875 .... Ans.

Temp of shield (eps_s = 0.0875) is: 692.7 K ... Ans.

“Prob.5.D.18. Liquid nitrogen (LN2) is stored in a dewar made of two concentric spheres, with the space
between them evacuated. The inner sphere has an outer dia D1 = 1 m and for outer sphere the inner dia
D2 = 1.2 m and emissivities epsl = 0.2 and eps2 = 0.2. Temperatures are maintained at temps T1 = 78
Kand T2 = 300 K respectively. A coaxial shield of diameter D3 = 1.1 m and emissivity eps_s = 0.05 on
both its surfaces is placed between the two spheres. If the latent heat of vaporization of LN2 is 2 x 10A5
J/kg, determine:

a) the boil-off rate of liquid nitrogen when there is no shield,

b) the boil-off rate of liquid nitrogen when the shield is present. What is the equilibrium temp
of the shield at that time?

c) Plot the variation of boil-off rate and the shield temp as emissivity of shield (on its either

side) varies from 0.05 to 0.4.”
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Surface 1,
Ale T,

Surface 2,
A1=E1 =T1

L-Shield, 3

€,.T,
ry
E - E
Fig(a)

EES Solution:
“Data:”
R1 =0.5 “[m]”
R2 = 0.6%[m]”

R_shield = 0.55 “[m]”

Vouwro Touexs | Resanr Toocks | Macs Toveks | Vowo Buses | Vowo Cowsteucnion Esumsest | Wowo Pesm | Vowo Aeno | Wowo IT
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243 Click on the ad to read more

Download free eBooks at bookboon.com


http://s.bookboon.com/volvo

eps_1=0.2
eps_2=0.2
eps_sl = 0.05
eps_s2 = 0.05
T1 =78 “[K]”
T2 =300 “[K]”

h_fg = 2E05 [J/kg]

“Calculations:”

Q12 = Q12_concentric_spheres(R1, R2, eps_1, eps_2,T1,T2)“[W]...Q12 with no shield”

Q12_shield = Q12_concentric_sph_one_shield(R1, R2,R_shield, eps_1, eps_2, eps_sl, eps_s2, T1,T2)
“[W]....Q12 with shield”

T_shield=Temp_Shield_concentric_spheres(R1,R2,R_shield,eps_1,eps_2,eps_sl,eps_s2,T1,T2)“[K]....
Temp of shield”

BoilOff_with_shield = Abs(Q12_shield) / h_fg * 3600“[kg/h]....boil off rate of lig. nitrogen, when there
is shield”

BoilOff_no_shield = Abs(Q12) /h_fg* 3600“[kg/h]....boil off rate ofliq. nitrogen, when there is no shield”

Results:

Unit Settings: 51 C Pa J mass deg

\Baﬂ@ﬁmhiem - 3.324 [kg;h]| |Elc:iIfowithJShie|d - 06462 [kg,-’h]‘ epsy=0.2

epsy=02 epsg = 0.05 eps,z =0.056

hig =200000 [Jkg] |@123hie|d --359 [W]|
Rl =05 [m] R2 =06 [m] Fishieid = 0.55 [m]

T =78 [K] T2 =300 [K] Tehieid= 254.7 [K]
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Thus:
LN2 Boil off rate without shield = 3.324 kg/h .... Ans.
LN2 Boil off with shield = 0.6462 kg/h .... Ans.

Equilibrium temp of shield = 254.7 K ... Ans.

To plot the variation of boil-off rate and the shield temp as emissivity of shield (on its either side)

varies from 0.05 to 0.4:

First, compute the Parametric Table, keeping both eps_s1 = eps_s2 = 0.05, 0.1, 0.15 ..... 0.4.

- il (b ™« = =

1[>R 8PSs 8PSgz BoilOffy epiei [BoilOfin shied  Tenie

o [kg/h] [ka/h] [K]
Run 1 0.05 3.324 0.6462 254 7
Run 2 01 : ; 3.324 1.101 2562
Run 3 015 015 3324 1439 257 3
Run 4 0.2 0.2 3.324 1,699 958 1
Run & 0.25 0.25 3.324 1.906 753 8
Run 6 0.3 0.3 3.324 2075 259 3
Run 7 0.35 0.35 3.324 2215 259 7
Run 8 04 04 3324 2 333 260 1

Now, plot the results:

LM2 boil off with shield vs emissivity of shield
_— 2
L
ey
[=7]
=,
E 1.5
=
mn
S
E
£
o
'S
m
osbecc oo
0 0.05 01 0.15 0.2 025 0.3 0.35 04
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261 ——
Temp of Shield vs emissivity of Shield
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Prob.5.D.19. Write VBA Functions for heat transfer when radiation shield is present for the cases of:

1) Parallel plates,
2) concentric cylinders, and

3) concentric spheres

Also write Functions for the equilibrium temp of the shield in each case.

EXCEL Solution:

Before we write VBA Functions for heat transfer when the shield is present, let us recollect the Functions
we wrote earlier for heat transfer without the shield for the above three cases, since in most of the

problems, we are asked to compare the heat transfer with and without the shields:
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Heat transfer Q12 (W), when there is no radiation shield:
Function @ 12 Infinite large parallel plates (Area As Double, eps 1 As Double, eps 2 ARs Double,
T_1 A= Double, T_2 Rs Double) As Double

'Gives Q 12 (W) between two infinite parallel plates of area R (m2) each,
'ie. (R 1/R 2) =1, F 12 =1

Dim =zigma As Double
sigma = 0.0000000567 '"W/m2.K"4

Q 12 Infinite large parallel plates = (2igma * Area * (T_1 =~ 4 - T_2 = 4)) / _
(1 feps 1+ 1/ eps_2 - 1)

End Function

Function Q 12 Infinite concentric cylinders (A 1 As| Double, R_1 As Double, R 2 As Double,
eps_1 As Doukle, eps_2 As Double, T_1 As Doukle, T_2 As Double) As Double

'Gives @ 12 (W) between infinite concentric cylinders,
'i.e. (A_lfh_z] = R_lfR_E, Fiz =1

Dim sigma As Doukle
sigma = 0.0000000567 '"W/m2.E"4

Q 12 Infinite concentric cylinders = (sigma * A 1 * (T_1 ™~ 4 - T_2 =~ 4)) [/ _
(1 feps_1 + ((1-eps_2) / eps_2) = (R_1/ R_2))

End Function

EXPERIENCE THE POW
FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

Function @ 12 concentric spheres(A 1 As Double, R 1 &As Double, R 2 As Double, _
eps 1 A=z Doukle, eps_ 2 As Double, T 1 As Double, T 2 As Doukble) As Doukle

Gives @ 12 (W) between concentric spheres,

L 1/Rh 2) = (R 1/R 2)°2, F 12 = 1

I
i

Dim =igma As Doukble
sigma = 0.0000000567 '"W/m2.K"4

@ 12 concentric spheres = (sigma * 4 * Application.Pi() * R 1 -~ 2 * (T 1 ~ 4 - T 2 ~ 4)) / _
(1 /eps 1+ ((1 -eps 2) / eps 2) = (R1 /R 2Z2) ™~ 2)

End Function

Heat transfer Q12 (W), when a radiation shield is present between the two surfaces:

Function @ 12 ParallelPlates with NRadiationShields (A s Double, N As Integer,
eps_1 As Double, eps_2 As Double, eps_sl &s Doukle, eps_s2 As Double,

T 1 As Double, T 2 A=z Doukble) As Doubkle

'Gives @ 12 (W) ..heat tr with N radiation shieds

Dim =igma As Doukle, XX As Doubkle, YY As Doubkle, ZZ As Doukle
sigma = 0.0000000567 '"W/m2.EK"4

=4 * gigma * (T_1 "~ 4 - T 2 ~ 4)

T l1/eps 1+ 1 /eps 2 -1

ZZ 1/ eps sl +1/ eps =2 -1

R 12 ParallelPlates_with NRadiationShields = XX JOIYY + M= ZZ)
End Function

Note that the above Function can be used when there are N shields in between the two parallel plates. If

there is only one shield, simply put N = 1.

Funcrtion Q 12 ConcentricCylinders with RadiationShield(L As Double, R_1 A=z Double,
R 2 RL= Double, R 3 As Double, eps_1 RAs Double, eps_2 As Double, eps_31 L=z Double,
eps_32 As Double, T_1 &z Double, T_2 RAs Double) LAz Double

'Gives Q 12 (W) ..heat tr with a cyl. radiation shied

Dim sigma ARs Double, A 1 As Double, XX As Doukle, YY Rs Double, ZZI Rs Double
sigma = 0.0000000567 '"W/m2.¥"4

AR 1 =2 * Rpplication.Pi()} * R 1 * L

KX =2 1 % sigma * (T_1 ™~ 4 - T_2 "~ 4)

¥Y (R_1 /R 2Z) * {1/ eps_ 2 - 1)

ZZ = (R 1 /R 3) * (1 /eps 31 + 1/ eps 32 - 1)

Q_ 12 ConcentricCylinders with RadiationShield = XX Sl eps_ 1 + YY + ZZ)

End Function

248

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat
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Function @ 12 ConcentricSpheres with RadiationShield(B 1 As Double, _
B _2 L= Doukle, R_3 Rs Doukle, eps_1 A= Double, eps 2 Rs Doubkle, eps 31 Rz Double,
epsg_32 A= Double, T_1 Rz Double, T 2 A=z Double) Rs Doubkle

Gives Q_12 (W) ..heat tr with a spherical radiation shied

Dim =igma As Double, A 1 Rs Double
2igma = 0.0000000567 "W/m2.K"4

A1 =4 % Application.Pi() = R 1 ™ 2
@ 12 ConcentricSpheres with RadiationShield = (A 1 * =igma * (T_1 -~ 4 - T 2 ~ 4)) /!

(1 /ep=s 1+ (R1/R2) ~2* (1 ep=s2-1) + (R1/R3) ° P 1/ eps_31 + 1 ;"_eps_SZ - 1))

End Function

Radiation shields

Equilibrium temp of shield, T_shield (K), when a radiation shield is present between the two

surfaces:

Function T_shield ParallelFlates(eps_1l As Doubkle, eps_2 RAs Doubkle, eps 31 Rs Double,
eps_32 A= Double, T 1 As Double, T_2 As Double) As Double
'Gives Q 12 (W) ..heat tr with N radiation shieds

Dim =igma &As Doukle, XX As Double, YY As Doukle, ZZ 4= Doukle
Dim @ 12 As Doukle, AR ARs Double, A ARs Integer

4 =1 "m*2 .... area of plate
zigma = 0.0000000567 '"W/m2.HK"4
=L " zigma * (T_1 "~ 4 -T 2 " 4)

¥Y¥ =1 /eps 1+ 1/ eps 2 - 1
ZZ2 =1/ eps_31 +1 / eps_32 - 1
Q12 = XX J/ (YY¥ + ZZ) '..heat transfer when one shield is present

an =1 /eps 1+ 1/ eps 31 -1
T shield ParallelPlates = (T_1 "~ 4 - Q 12 * A4 /S (b * sigma)) ™ 0.25

End Function

Function T_shield ConcentricCylinders(L As Double, E_1 &s Double, _

E 2 &= Doubkle, R 3 s Double, eps_1 As Doukle, eps_2 As Doukle, eps 31 As Double,
eps_32 As Double, T 1 &= Double, T 2 A= Double) As Double

Giwves T =shield ..eguilibrium temp of radiation shied, (E)

Dim sigma As Doukble, A 1 As Double, XX A=z Double, ¥Y As Double, ZZ As Double

Dim @ 12 &s Double, RA As Double

sigma = 0.0000000567 "W/mZ.EK"4

A1 =2+ hpplication.Pi{}) * R 1 * L
¥X = A 1 * zigma * (T_1 ~ 4 - T 2 "~ 4)

¥¥ = (R_1 /R 2Z) * (1 ./ eps 2 - 1)
ZZ= (R1/ER3) * (1 /eps 31 + 1/ eps 32 - 1)
@ l1l2 = XX A epe_1l + ¥YY¥ + ZZ) '..heat transfer when one shield is present

L =1/ eps_1 + (R 1 / R 3) = (1 / eps_31 - 1)
T shield ConcentricCylinders = (T_1 =~ 4 - Q 12 * AR / (R 1 = =igma)) ™ 0.25

End Function
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Function T_shield ConcentricSpheres(R_1 Az Doukle, R 2 As Doukle, B 3 As Doukle, _
eps_1 As Double, eps_2 As Double, eps_31 As Double, _

epg_32 Rz Doubkle, T_1 Az Doukle, T 2 Az Doukle) A=z Doukle

'Gives T_shield (X)) ..equilibrium temp of a spherical radiation shied

Dim =igma A=z Doukle, A 1 A= Double, Q 12 k= Doukle, AR A= Double

sigma = 0.0000000567 "W/m2Z.¥K"4

L 1=4 % Lpplication.Pi() * R 1 "~ 2

'Heat transfer when one shield is present is given by:

Q12 = (& 1 * sigms * (T_1 ~ 4 -T2 ~ 4)) / _
(1 /eps 1+ (R1/RR2) ~2*(1/eps 2-1) + (B1/R3) ~2*(1/eps 31+ 1/ eps 32 - 1))

L =1/eps 1+ (R1 /R 3 ~2* (1/eps 31-1)
T_shield ConcentricSpheres = (T_1 ™~ 4 - Q 12 * RA i (R 1 = =igma)) "~ 0.25

End Function

Now, let us solve some problems in EXCEL using the above Functions.

Prob.5.D.20. Consider two large parallel plates, one at 1000 K with emissivity 0.8 and the other at 300
K having emissivity 0.6. A radiation shield is placed between them. The shield has emissivity of 0.1 on
the side facing the hot plate and 0.3 on the side facing the cold plate. Calculate the percentage reduction

in radiation heat transfer as a result of radiation shield. [P.U. 2000]

(b) Plot the Percentage reduction in heat transfer and the temp of Shield as emissivity of shield on both

sides (eps_sl = eps_s2 = eps_s) varies from 0.05 to 0.4:
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EXCEL Solution:

Following are the steps:

1. Set up the EXCEL worksheet, enter data:

A B C D E
51| Data:
52
53 Area of plate A 1 m~2
54 Mo. of shields N
55 emissivity of plate 1 epsl 0.8
56| emissivity of plate 2 eps2 0.6
emissivity of shield surface
57| facing plate 1 epsilon_31 0.1
emissivity of shield surface
58 | facing plate 2 epsilon_32 0.3
59 Temp, plate 1 T1 1000 K
60 | Temp, plate 2 T2 300 K
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2. Do calculations using the VBA Functions written above. Functions are available under ‘User

Defined’ category:

For the case of parallel plates with no radiation shield, choose the appropriate Function:

Press OK. We get the following window; fill it up as shown:
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Press OK. We get the result in cell D62:

In the above, see the Formula entered in cell D62 for Q_12 _noshield.

Similarly, enter Function for Q12 with one Shield (i.e. N = 1):

And, see the Formula entered in cell D64 for Q_12 _shield.

And enter Function for the Temp of the Shield:

And, see the formula entered in cell D66 for the temp of Shield, in the Formula bar above

And, percentage reduction in heat transfer because of the shield is:
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Thus:

Q12 with no shield = 29342.99 W .... Ans.

Q12 with shield = 3946.718 W ... Ans.

Percentage reduction due to shield = 86.55% .... Ans.

Equilibrium temp of shield = 731.635 K ... Ans.
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Plot the Percentage reduction in heat transfer and the temp of Shield as emissivity of shield on

both sides (eps_s1 = eps_s2 = eps_s) varies from 0.05 to 0.4:

First set up a Table as shown:

In the above Table, in row 75 enter formulas for Q_12 with shield, % reduction in heat transfer and
T_shield as shown. Formula for Q12 with shield, entered in cell C75, can be seen in the Formula bar.
Remember to enter references to eps_sl ans eps_s2 with relative reference so that we can drag-copy to

get values at other values of eps_s. Similarly, for % reduction and T_shield.

Now, select cells C75 to E75 and drag-copy to the end of Table, i.e. up to cell E82. Immediately, all

calculations are made and the Table is filled up:
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Now, plot the results in EXCEL:

Percentreduction in heat transfer vs
eps_shield
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90 Xﬂ&;
85 ‘\55
80 ‘\‘5
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Prob.5.D.21. Two parallel plates are at T1 = 700 K and T2 = 350 K. Their emissivities are 0.6 and 0.9
respectively. Determine the emissivity of a radiation shield if heat transfer between the plates is to be
reduced to 10% of that without the radiation shield.

EXCEL Solution:

Following are the steps:

1. Set up the EXCEL worksheet, enter data:

A B C D E

107 Data:
108
109 Area of plate A 1 m~2
110 No. of shields N 1
111 emissivity of plate 1 epsl 0.6
112 emissivity of plate 2 eps2 0.9
113 emissivity of shield epsilon_3 0.1 -.assumed
114
115 Temp, plate 1 T1 700
116 Temp, plate 2 T2 350 K
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In the above, emissivity of shield (on its either side) is assumed as 0.1; its correct value will be found
out later by Goal Seek.

2. Now, do calculations. Find out Q12_withnoshield and Q12_with shield and put the
condition that Q12 with shield should be equal to 10% of Q12 with no shield:

For Q12_noshield:

For Q12_with shield:

And enter the constraint:
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Now, apply Goal Seek to make value in D122 (see the eqn in Formula bar above) zero by changing the
value of eps_shield in cell C113:

Go to Data - What If Analysis — Goal eek:

Click on Goal Seek. We get the following window. Fill it up as shown:

Press OK. We get:
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Goal Seek has found a solution. Click OK. See the value of eps_shield in cell D113:

Therefore the emissivity of shield required is: 0.118 .... Ans.
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Prob.5.D.22. Two coaxial cylinders of diameters D1 = 0.1 m and D2 = 0.3 m, are at T1 = 1000 K and
T2 = 500 K. Their emissivities are 0.7 and 0.4 respectively. Now, a coaxial radiation shield of dia D3 =
0.2 m and emissivity = 0.2 (on either face) is placed between the two cylinders. Determine (a) the net

rate of heat transfer between the cylinders per unit length of cylinders, with and without the shield.
(b) equilibrium temp of the shield, and

(c) plot Q12_with shield and temp of shield as emissivity of shield is varied from 0.05 to 0.4.

Surface 1,
Ale T,

Surface 2,
‘L'l!.hEE =T3

| -Shield, 3
;. T,

EXCEL Solution:

Following are the steps:

1) Set up the EXCEL worksheet, enter data:
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2. Do the calculations for Q12 with and without shield and for the temp of shield using the

VBA Functions written earlier:

Heat transfer without the Shield:

In the above, eqn entered in cell D143 can be seen in the Formula bar.

Heat transfer with the Shield being present:

In the above, eqn entered in cell D145 can be seen in the Formula bar.

Equilibrium temp of the Shield:

In the above, eqn entered in cell D147 can be seen in the Formula bar.

Thus:
Q12 with no shield = 8659.01 W .... Ans.
Q12 with shield = 2597.7 W ... Ans.

Equilibrium temp of shield = 840.9 K ... Ans.
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

(c) To plot Q12_with shield and temp of shield as emissivity of shield is varied from 0.05 to 0.4:

First, set up a Table as follows:

A B C D
151
152 Eeps_s Q_12 shield{w) T _shield (K}
153 0.05 779.31 849.95
154 0.1
155 0.15
156 0.2
157 0.25
158 0.2
159 0.35
160 0.4

In cells C153 and D153 above, we have used the respective VBA Functions. In the Functions, take care
to refer to eps_shield by ‘relative reference’ so that we can drag-copy to calculate for other values of

eps_shield.

‘mtiia IrAX?A Graduate
:

AXA 0
Gradug ogram,

Find out more and apply
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il

For Q12_with shield, in cell C153, we have the Function:

=Q_12_ConcentricCylinders_with_RadiationShield($D$130,$D$131,$D$132,$D$133,$D$136,$D

$137,B153,B153,$D$140,$D$141)

For T_ shield, in cell D153, we have the Function:

=T_shield_ConcentricCylinders($D$130,$D$131,$D$132,$D$133,$D$136,$D$137,B153,B153,$D
$140,$D$141)

Now, select cells C153 to D153, and drag-copy to the end of Table, i.e. up to cell D160. Immediately, all

calculations are done and the Table gets filled up:

Radiation shields

151
152
153
154
155
156
157
158
159
160

Now, plot the results in EXCEL:

B C D
eps s Q_12 shield{w) T shield {K)
0.05 779.21 840,05
0.1 1461.21 846.59
0.15 2062.88 843.59
0.2 2597.70 840.90
0.2% 3076.23 838.47
0.3 3506.90 836.26
0.35 3806.56 834,25
0.4 4250.79 83241
Q12 with shield vs emissivity of
shield
4500 -
4000
= 3500 -
= 3000
h;:’: 2500
t-g 2000
o 1500
= 1000 -
500 -
D T T T T T T T 1
0 00s 01 015 02 025 03 035 04
emissivity of shield
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Temp of shield vs emissivity of
shield

852 -

848

B44 -

840 -

836 A

012 withshield (W)

832 -

BIR T T T T T T T 1
a 0.0% a1 0.15 0.2 0.25 0.3 0.35 0.4

emissivity of shield

Prob.5.D.23. Liquid oxygen (LOX) is stored in a dewar made of two concentric spheres, with the space
between them evacuated. The inner sphere has an outer dia D1 = 0.3 m and for outer sphere the inner
dia D2 = 0.4 m and emissivities epsl = 0.2 and eps2 = 0.25. Temperatures are maintained at temps T1 =
90K and T2 = 300 K respectively. A coaxial shield of diameter D3 = 0.35 m and emissivity eps_s = 0.05
on both its surfaces is placed between the two spheres. If the latent heat of vaporization of LOX is

2.13 x 10A5 J/kg, determine:

a) the boil-off rate of liquid oxygen when there is no shield,

b) the boil-off rate of liquid oxygen when the shield is present. What is the equilibrium temp of
the shield at that time?

c) Plot the variation of boil-off rate and the shield temp as emissivity of shield (on its either

side) varies from 0.05 to 0.4.

Surface 1,
Ae . T,

Surface 2.
AJ:EJ =TJ
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EXCEL Solution:
We shall use the VBA Functions for concentric spheres.

Following are the steps:

1. Set up the EXCEL worksheet, enter data:

fih B - D E
202
203 Data:
204
205
206 Radius, inner sphere R 1 0.15 m
207 Radius, outer sphere R 2 0.2 m
208 Radius, shield R 3 0.175 m
209 surface area of inner sphere Al 0.28274 m*~2
210
211 emissivity of inner sphere. 1 epsl 0.2
212 emissivity of outer sphere.2 eps2 0.25
213 emissivity of shield epsilon_3 0.05
214
215 Temp, innercyl. 1 T1 90 K
216 Temp, outer cyl. 2 T2 300 K
217 Latent heat of evap. Of LOX h_fg 2.13E+05 kg

2. Do the calculations for Q12 with and without shield and for the temp of shield using the

VBA Functions written earlier:

Heat transfer without the Shield:

In the above, eqn entered in cell D219 can be seen in the Formula bar.

Negative sign indicates heat flow in to the inner cylinder.
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Heat transfer with the Shield being present:

In the above, eqn entered in cell D221 can be seen in the Formula bar.

Negative sign indicates heat flow in to the inner cylinder.
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Percent reduction in heat transfer due to Shield:

In the above, eqn entered in cell D223 can be seen in the Formula bar.

Equilibrium temp of the Shield:

In the above, eqn entered in cell D225 can be seen in the Formula bar.

Evaporation Rate of LOX:

In the above, eqn entered in cell D227 can be seen in the Formula bar.

Note that evaporation rate is taken as positive quantity by using EXCEL Function ABS().
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Thus:

Q12 with no shield = 19.2604 W .... Ans.

Q12 with shield = 3.6446 W ... Ans.

% reduction in heat flow = 81.077% .... Ans.
Equilibrium temp of shield = 267.196 K ... Ans.

Evaporation rate of LOX = 0.0616 kg/h ... Ans.

(c) Plot the variation of boil-off rate and the shield temp as emissivity of shield (on its either side)

varies from 0.05 to 0.4.

First, set up a Table as follows:

In cells C232 and D232 above, we have used the respective VBA Functions. In the Functions, take care
to refer to eps_shield by ‘relative reference’ so that we can drag-copy to calculate for other values of

eps_shield.

For Q12_with shield, in cell C232, we have the Function:

=ABS(Q_12_ConcentricSpheres_with_RadiationShield($D$206,$D$207,$D$208,$D$211,$D$212,
B232,B232,$D$215, $D$216))

For evaporation rate of LOX, m_evapn in cell D232, we have the equation:

=C232*3600/$D$217

For T _ shield, in cell E232, we have the Function:

=T_shield_ConcentricSpheres($D$206,$D$207,$D$208,$D$211,$D$212,B232,B232,$D$215,
$D$216)

Download free eBooks at bookboon.com



Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il Radiation shields

Now, select cells C232 to E232, and drag-copy to the end of Table, i.e. up to cell E239. Immediately, all

calculations are done and the Table gets filled up:
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Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer - Part i

Now, plot the results in EXCEL:

Q12 with shield vs emissivity of
shield
16
14
—- e
2 12 o
= —
I 10
v g
=
EI &
§ 4
2
0
0 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4
emissivity of shield

Evapn. rate (kg/h)

Evapn. rate of LOX vs emissivity of
shield

0.25

e
=]
A

a
=
L

=]
=
A

0.05

a 0.05 a1 0.15 0.2 0.25 0.3 0.35 0.4

emissivity of shield
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Temp of shield vs emissivity of
shield
270
268 e
- e
£ 266
=
:E 264
5 82
o
£
2 280
258
- e e e :
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
emissivity of shield
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il ‘Radiation error’ in temperature measurement

5E ‘Radiation error’in temperature
measurement:

Recollect that:

T, = actual temp of fluid

T = temp reading by the Thermocouple (TC)

T, = temp of channel walls

T, = temp of radiation shield

A_= surface area of TC bead

A, = surface area of shield (one side)

h = convection coeff. between the fluid and TC bead / shield
e_= emissivity of TC bead

& = emissivity of shield

“I studied
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T / Thermmometer
T

T-.h —» Uﬁ
QeoneP g,

T..
(a) Thermometer without radiation shield

T Thermometer
S | D 8
T..h —

T.
(b) Themmometer with radiation shield

Fig.13.39 Radiation shielding of thermometers

Making an energy balance on the thermometer bulb, in steady state, we have:

Without radiation shield:

q,,, to the bulb = q_, from the bulb

C w

- 4 4
i.e. h-Ac-<Tf7TC>—5C-AC-c-<T -T >

With radiation shield being present:

Energy balance on the thermometer bulb:

:-{1’ S- Ij]
hA (Te-T )=

+
.
[}
i -
M
A
+
-I—'I_'_\_‘—\-
o
(4]

A
A

} _.{13.80)
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In eqn. (13.80), F = view factor of thermometer bulb w.r.t the shield and is, generally equal to 1.

Making an energy balance on the shield:

(re'-14
- N c T s - ~ 4 4 .
2A (T T )+ = Ao TSoT ae)
-z . 1 -z
+ +
Ace] AF. Az,
Here the assumption is,
F =1  ...view factor between the shield and the walls
and,
'_"'LS . . . -
——=0 _.i.e surface area of shield is negligible compared to the area of the channel
Ay walls

Solvingeqns. (13.80) and (13.81) simultaneously, we obtain the shield temperature T and the thermometer

reading T, (if T, is known), or T, (if T_ is known).

Prob.5E.1. Write Mathcad Functions for Radiation error in temp. measurement:

Mathcad Functions for ‘Radiation error’ in temp. measurement:

1. Thermocouple with no radiation shield:

In steady state, making a heat balance on the tthermocouple bead, we have:

Qeonv = 9rad
I8 h-Ap Ty - c_:=°Ec-j*x"~Ic.__va._,:
geo |\ Tp — 1—'.':._,: ,
i.e Tr=T.+ - * 1379

We write the Function to find T; when other quantities are known:

e-567.10” 5 1. - 1Y)
Rad.ﬂ.Ermr_IC_ﬂn_shield_TfI_T,: cLo8p __h_: =T, + h» y
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Transfer: Radiation Heat Transfer — Part Il ‘Radiation error’ in temperature measurement

2. Thermocouple with radiation shield being present:

Making a heat balance on the thermocouple bead:

heat received by convection from the gas = heat lost by radiation to shield

Heonv = Grad
;o £
. . - o T-:4 - TSJJ
e h-AATs - T = = - - .-.(13.80)
' Co(1-=) 1 1o
] 1] + + 4 1]
LAcs ) AcFes | Ageg
where, Fee=1 _..view factor for thermocouple bead w.rt. shield

Then, eqn. (13.80) becomes:

4 4
— 1"5 _,.'
(A1 )
—+|—H—-1
2 I‘,.'_‘LS'JI 8 )

; ' {i'_-":{-:‘T
hAA(Tr-To)= -

But, for a Thermocouple, A_ T A_ =< 1.

Therefare:
. . 4 4
h-Ap{Tf - Te) = gegAe|Te —Ts )
- - - (4 _ 4
lLe. h{Tf-Te)=oe T - Ts | - eqn. (&)
276
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Next, making a heat balance on the shield:

heat received by convection from the gas by both surfaces of shield + heat received by
radiation from the Thermocouple bead = heat lost by radiation from the shield to the channel
walls.

So, we write:

4 4
-T; ) 4 £

{;.fr i )
e =2Aeo | Ts - Ty ) . {13.81)

AT - Te) + = -
T Y- 1 (1-2)

{ ] + + '} ]
LAcee ) AcFes | Ases )

4 4 EAl

. . F A F :
2AMTE - Tg) + gecApiTe — T j=ecAsoi Ty — Ty

Dividing by A,. and since A_/ A, << 1, we get:

- - {4 £
2hTf - Tg)=egoriTs ~ Ty | eqn. (B)
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il ‘Radiation error’ in temperature measurement

Solving egns (A) and (B) simultaneously using 'Solve Block' of Mathcad, we get T, and
T (if T; is known) or Ty and T_ (if T is known).

Mow, when T;is known, to find T_:

Now, when T; is known, to find T :

Ty = 300 K g; =101 ge = 0.7 h=70 Wm2K
Tf = 11105 K
T. =100 K T. =100 K .. trial values
Given
v een—8 (4 4
h|Tg - T)= 56710 "er|Te - Ts ) eqn. (A) ....by heat balance on the TC

junction._eqn. (A)

_..by heat balance on

) cer g4
2h|Tf - Tg)=24-3.67-10 --11'5 — Tax o eqn. (B) the shield___eqn. (B)

RadnError_TC_with_shield TcTs(Tg.Tf.2¢.25.h) = Find(T.. Ts)

Note that the in the above Solve block, T and T are written as Functions of T o Lp €5 € and h. This helps

us to vary any of those variables and find T. and T, and to draw graphs.

Result of above Function for the above example is:

-

(e o3
_ _ L1075 = 10
RadnError TC_with_shield TeTs| Ty . Tr.2c.25.0) =

\1.062x 107 )

T. is the first item of the result vector, and T is the second item.
We extract these from the output vector as:

Rad.ﬂE:rmr_T{:_with_shield_Tu:TsI_T“-,Tf,s.:,asl_h_'llﬂ. = 1075 107 k... temp. Tc

BadnError TC with shield TeTs| T“-..l'f..a.:,esl_h.lll = 1062 % 107 K. . temp. Ts
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Prob.5E.2. Hot gas at 1350 K is flowing in a duct whose walls are maintained at a temperature Tw = 530 K.
A thermocouple (TC) placed in the stream to measure temp. If the emissivity of the thermocouple junction
is ec = 0.5 and the convective heat transfer coeflicient between the flowing air and the thermocouple is
h = 115 W/(m2.C), find out the temperature shown by the TC.

(b) Now, if a radiation shield (eg = 0.1) is placed between the thermocouple and the walls, what will be
new value of T read by the thermocouple? And how much is the radiation error?

T Thermometer

o

T-.h —» /
QecneP g,
T.

(a) Thermometer without radiation shield

Thettm ometer

-'I'—:
[
_ _H T
T.,h —»

T.

(b) Thermometer with radiation shield

Mathcad Solution:
Data:
Tr=1350 K Tu=30K gg = 0.1 g =03 h =115 Wim2.K

Here T;is given. We have to find out T We do this easily as follows:
We use the Mathcad Function written above for T, in a "Solve block’.

Start with a guess value for T_ and apply the Solve Block to fulfill the condition that Ty = 1350 K
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T, =500 K  __trial value

Given

EadnError TC no shield Tf I'_ T . Toy.ze _.h_'Il =Ts

Find(T,} = 1.059 x 10° K ... TC temp with no shield... Ans.
e, T.= 1.I]'59-1[I'3 K

Radiation_error = Ts — T

e Radiation_error = 281  K....error when no shield is present ... Ans.

American online
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Software Solutions to Problems on Heat
Transfer: Radiation Heat Transfer — Part Il ‘Radiation error’ in temperature measurement

With the radiation shield being present:
Use the Mathcad Function written above:

Let:
AA = RadnError TC with_shield TeTs| Ty Tr.2c.24, h_'II

Temp TC = _—"1_—":.[:l

e Temp TC=1306x10°  ...K.temp reading of TC when shield is
present...Ans.

Temp shield = _—‘5_5;1
ie  Temp shield = 1285 x 107 ....K..temp of shield...Ans.

Therefore:

Fadiation _etror == Ts — Temp TC

=3 Radiation_error = 44468  K....error when no shield is present ... Ans.

Note the great reduction in temp error, due to the presence of radiation shield.

In addition:

Plot the variation of ‘Radiation error’, with the shield being present, and also the Shield temp when

the emissivity of shield varies from 0.05 to 0.5:
Express relevant quantities as functions of eg:

Radiaﬁnn_ermrl_as_'ll =Tf - Rad:ﬂrnr_r{:_xt"im_slﬁeld_Tcl'sI_1'“-_.Tf_.E.:_.Es_.h_'IID

Temp_shield|z 5} = RadnError_TC_with_shield TeTs|{ Ty, Ts.2¢ _.Es,h_.:'l

z¢ = 005,0.1.0.5 .. define a range variable

281
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Software Solutions to Problems on Heat

Transfer: Radiation Heat Transfer - Part Il ‘Radiation error’ in temperature measurement
g = Radiaﬁon_ennr{ag:ll Temp_shield{ag}
0.05 24837 1.314-102
0.1 44 468 1.285-102
0158 60.564 1.26-10%
0.2 74111 1.238-102
0.25 85.737 1.218-102
0.3 95.869 1.202-102
0.35 104.807 1.186-102
0.4 112773 1.172-102
0.45 119.933 1.158-102
0.5 126.415 1.147-102

Now, plot the results:

Fadiation error (deg.C) vs e_shield

150
140
130
120
110
100

Radiation_error| s, ) gg
— 10
&0
50
40
30
20
10

lI]"IZI' 005 01 013 02 023 03 035 04 045 035
E;

Shield temp (K} vs e_shield

1330
1310
1290
1270
12350
}1230
1210
1190
1170
1150
1130

Temp sh.teldiﬁc__

[

0 005 01 015 02 025 03 033 04 045 03
A
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Transfer: Radiation Heat Transfer - Part Il ‘Radiation error’ in temperature measurement

Prob. 5.E.3. Hot air is flowing in a duct whose walls are maintained at a temperature Tw = 450
K. A thermocouple (TC) placed in the stream shows a reading of 650 K. If the emissivity of the
thermocouple junction is ec = 0.8 and the convective heat transfer coefficient between the flowing air

and the thermocouple is h = 85 W/(m2.C), find out the true temperature of the flowing stream.

(b) Now, if a radiation shield (es = 0.3) is placed between the thermocouple and the walls, what will be

new value of Tc read by the thermocouple? And how much is the temperature error?
(c) Plot the radiation error and shield temp as &_varies from 0.05 to 0.5.

EES Solution:

“Data:”

T_w =450 [K] “..temp of walls”

T_c =650 [K] “.TC reading”

epsilon_c = 0.8 “...emissivity of TC”

h = 85 [W/mA2-K] “..conv. heat transfer coeft”

epsilon_s = 0.3 “..emissivity of shield”

sigma = 5.67E-08 [W/mA2-K74] “.Stefan-Boltzmann const”
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“Calculations:”

“When there is no radiation shield:”

T_f=T_c + epsilon_c * sigma * (T_cr - T_w?4) / h “..finds true temp of fluid”

“When radiation shield is present:”

“By heat balance on the Thermocouple bead:”

h * (T_f - T_c_with_shield) = sigma * epsilon_c * (T_c_with_shield"4 - T_s”4) “.... eqn, (A)”

“By heat balance on the Shield:”

2*h* (T_f-T_s) = epsilon_s * sigma * (T_s"4 - T_wA"4) “...eqn. (B)”

“Solving eqns. (A) and (B) simultaneously, we get thermocouple reading (T_c) and the Shield temp. (T_s)”

“Radiation error:”

Error_no_shield = T_f - T_c “[deg.C].... error when there is no shield”

Error_with_shield = T_f - T_c_with_shield “[deg.C].... error when the shield is present”

Results:

Unit Settings: 51 C kPa kJ mass deg

5. = 0.8 s =03 |Em:.rnc,,3hie|d= 73.38 [r:]‘
‘Errorwithrshidf 8785 [C] h=85 [WimZK] o =5B70E-08 [wimaKH
Te=850 [K] T with shigld = 714.6 [K]| Tp=7234 [K]
Te=703 [K] T =480 [K]

Thus:

True temp of fluid = T_f=723.4K .... Ans.

TC reading when the shield is present = 714.6 deg.C ... Ans.
Shield temp = T_s =703 K ... Ans.

Radiation error when there is no shield = 73.38 deg.C ... Ans.

Radiation error when shield is present = 8.785 deg.C ... Ans.
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(c) Plot the ‘Radiation error’ and shield temp as ¢_varies from 0.05 to 0.5:

First, compute the Parametric Table:

Table 1 |
- ol ™= ™

1 [>1 ; 23 Erroryin shieid Ts

[C] [K]
Fun 1 0.05 1.682 7196
Fun 2 01 3.265 716
Fun 3 0.15 4.754 7125
Fun 4 0.2 6173 709.2
Fun & 0.25 7512 7061
Fun & 0.3 8.785 703
Fun 7 0.35 9.996 7001
Fun 8 0.4 11.14 B97.3
Fun 9 045 12 .25 694 6
Fun 10 0.5 13.31 692

Now, plot the results:

14 —

Radiation error vs emissivity of shield
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“Prob. 5.E.4. Temp of hot exhaust gases flowing in to a room whose walls are maintained at a temperature
T, = 20 C is measured with a thermocouple(TC) whose emissivity is 0.6. The thermocouple shows
a reading of 500 C. If the convective heat transfer coefficient between the flowing gases and the
thermocouple is h = 200 W/(m2.C), find out the true temperature of the flowing stream, and the

radiation error.

(b) Now, if a radiation shield (e = 0.3) is placed between the thermocouple and the walls, what will be

new value of Tc read by the thermocouple? And how much is the temperature error?
(c) Plot the radiation error and shield temp as emissivity of shield varies from 0.05 to 0.5”

EES Solution:
“Data:”

T_w =293 [K] “..temp of walls”

T_c =773 [K] “.TC reading”

epsilon_c = 0.6 “...emissivity of TC”

h =200 [W/mA2-K] “...conv. heat transfer coeft”

epsilon_s = 0.3 “..emissivity of shield”
sigma = 5.67E-08 [W/mA2-KA4] “.Stefan-Boltzmann const”

“Calculations:”
“When there is no radiation shield:”

T_f=T_c+ epsilon_c * sigma * (T_cr - T_w?4) / h “...finds true temp of fluid”

“When radiation shield is present:”
“By heat balance on the Thermocouple bead:”

h* (T_f - T_c_with_shield) = sigma * epsilon_c * (T_c_with_shieldA4 - T_sA4) “.... eqn, (A)”

“By heat balance on the Shield:”

2*h* (T_f-T_s) = epsilon_s * sigma * (T_s"4 - T_wA"4) “...eqn. (B)”
“Solving eqns. (A) and (B) simultaneously, we get thermocouple reading (T_c) and the Shield temp. (T_s)”

“Radiation error:”

Error_no_shield = T_f - T_c “[deg.C].... error when there is no shield”

Download free eBooks at bookboon.com



Error_with_shield = T_f - T_c_with_shield “[deg.C].... error when the shield is present”

Results:

Unit Settings: 51 C kPa kJ mass deg

5. = 06 s, =03 |Ermrm,3hie|d= 59,45 [C]|
|Errorwith'3hie|d=5.021 [C]| hi=200 [Wim=k] o =BE70E-08 [WimZKd
Te=773 [K] Tewith shield = 827.5 [K] Ti=8325 [K]
T.=8141 [K] T =293 [K]

Thus:

True temp of fluid = T_f=832.5K .... Ans.

TC reading when the shield is present = 827.5 deg.C ... Ans.
Shield temp = T_s = 814.1 K ... Ans.

Radiation error when there is no shield = 59.48 deg.C ... Ans.

Radiation error when shield is present = 5.021 deg.C ... Ans.

(c) Plot the ‘Radiation error’ and shield temp as emissivity of shield varies from 0.05 to 0.5:

First, compute the Parametric Table:

Table1 Table2 |

|z hal B2 ™
1 [>1 ; 2z Errory, i shieid Ts
[C] [K]
Run 1 0.05 0.9246 6292
Run 2 0.1 1.811 826
Fun 3 015 2 661 8229
Fun 4 0.2 3478 6199
Fun 5 0.25 4 264 817
Run 6 0.3 5£.021 8141
Run 7 0.35 5751 811.3
Fun 8 0.4 B.455 a0a.7
Fun 9 0.45 7135 G
Run 10 0.5 7.792 B03.5
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Now, plot the results:

8 —

Radiation error vs emissivity of shield
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Shield temp. vs emissivity of shield

825 |

0 0os 01 0415 02 025 03 035 04 045 05
&g

Prob. 5.E.5. A thermocouple (TC) whose emissivity is 0.4 is used to measure the temp of a gas flowing
in a duct, and it records a temp of 280 C. If the film coeff of heat transfer is h = 150 W/(m?C), find out
the true temperature of the flowing stream, and the radiation error. Temp of duct wall is 140 C.

(b) Now, what should be the emissivity of junction to reduce the temp error by 30%?

(c) Now, if a shield of emissivity 0.3 is kept surrounding the TC bead, what is the new temp error? And
what is the shield temp?

(d) Plot the radiation error and shield temp as emissivity of shield varies from 0.1 to 0.55
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EXCEL Solution:

Following are the steps in EXCEL Solution:

1. Set up the worksheet, name the cells:
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2. Continue with the calculations:

Note the eqn for true temp of gas entered in cell D15, in the Formula bar.
Then, Error (with no radn. Shield) = (T_f - T _c) =7.306 deg. C .... Ans.

(b) Next, what should be the emissivity of TC to reduce the error by 30%?

i.e. the New_error = 7.306 x 0.7 = 5.114 deg.C.
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3. Next pert of calculations is shown below:

Now, the condition to be satisfied is: Error_no_shield = New_error

We have to find eps_c such that this condition is satisfied.

So, apply Goal seek to make value in cell D17 equal to 5.114 by changing cell D10 (i.e. eps_c):

Go to Data-WhatIf Analysis — Goal Seek:

Click on Goal Seek; we get the following window, fill it up as shown:
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Press OK. We get:

Goal Seek has found a solution. Again, press OK, and see the value of new eps_c in cell D10:

Ths, eps_c required to reduce the radiation error by 30% is: 0.28 .... Ans.

294
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(c) Now, if a shield of emissivity 0.3 is kept surrounding the TC bead, what is the new temp error?
And what is the shield temp?

Note in the above screen shot that we have started with a guess value of 450 for T_s in cell D30.

Applying Goal Seek to make cell D40 equal to zero by changing cell D30 (i.e. T_s), we get the value of
temp of Shield T_s:

Press OK. We get:
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Again, pres OK, and see the value of T_s in cell D30:

i.e. Shield temp = T_s = 557.437 K ... Ans.

Need help with your
dissertation?

Get in-depth feedback & advice from experts in your
topic area. Find out what you can do to improve
the quality of your dissertation!

Get Help Now

Go to www.helpmyassignment.co.uk for more info E/Helpmyassignment
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Now, continue to calculate the new reading of TC:

Note in the above screen shot that we have started with a guess value of 500 for T_c_with_shield in cell
D51.

Applying Goal Seek to make cell D55 equal to zero by changing cell D51 (i.e. T_c_with_shield), we get
the value of temp of Shield T_c_with_shield:

Press OK We get:
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Again, press OK and see the value of T_c_with_shield in cell D51:

Thus:
TC reading when the shield is present = 560.096 K .... Ans.

Temp error when shield is present = 0.2104 C ... Ans.

(c) Plot the ‘Radiation error’ and shield temp as emissivity of shield varies from 0.1 to 0.55:

Following are the steps:

1. First, prepare a Table as shown below:
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2. Now, we need a VBA program to read eps_s values one by one and apply Goal Seek twice
to get T_s and T_c_with_shield, and thereby get Error_with_shield, and then copy the
calculated values in the main worksheet to their respective places in the Table. Also, this

program should be run from a command button.

To do this, first go to: Developer- Insert-ActiveX Controls:

(]
B By 2020, wind could provide one-tenth of our planet's

ra I n p O W e r electricity needs. Already today, SKF's innovative know-

how is crucial to running a large proportion of the

world’s wind turbines.

Up to 25 % of the generating costs relate to mainte-
nance. These can be reduced dramatically thanks to our
stems for on-line condition monitoring and automatic
jcation. We help make it more economical to create

Therefore we'need the best employees who can

eet this challenge!
Tr)_af Power of Knowledge Engineering

'-’:-‘i-.i

e
Plug into The Power of Knowle‘ngineering.
Visit us at www.skf.com/know1ed"_#
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Click on the command button i.e. first top left button under ActiveX Controls. Then click at the required

place in the worksheet and draw the button to a suitable size:

Then, click on Developer-View Code, and complete the code as shown below:

Frivate Sub CommandButtonl Click()

Dim i As Integer

For i = 0 To % ' =start of For....Next loop
Range ("D28") = Cells(66 + i, 2) 'copy the first value of eps_s from the Table to cell D28
Goal Seek to find Temp of Shield, T =, in cell D30:

Range ("D40"™) .Select
Range ("D40") ,GoalSeek Goal:=0, ChangingCell:=Range ("D30")

ActiveWindow.SmallS5croll Down:=18
Cell= (66 + i, 3) = Range("D30") 'copy the wvalue of T_= from cell D30 to its place in Takle
Goal Seek to find temp of Thermocouple when shield is present, T C with shield, in cell D51
Range ("D55"™) . Select
Range ("D55") .GoalSeek Goal:=0, ChangingCell:=Range ("D51")
AotiveWindow.S5mallS5croll Down:=18
Cells(66 + i, 4) = Range("D59") 'co ith shield from cell D59
Next i Go to next value of i
nd Sub

Read the comments in the above program to know what each step does.

3. Now, click on the Command Button. Immediately, calculations are completed and the Table

is filled up:

Eps S T s({K) Error_with_shield ({deg.C)
0.1 50331 0.072
0.15 558.850 0.107
0.2 LLB.375 0.142
0.25 557.904 0.176
0.2 LL7.437 0.210
0.35 556.975 0.244
0.4 L56.517 0.277
0.45 556.063 0.310
0.5 LGG.613 0.342
0.55 555.168 0.374
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4. Now, plot the results in EXCEL:

Shield temp vs emissivity of shield
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