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CHAPTER 3

3—-3 = GENERALIZED THERMAL RESISTANCE ‘,]““'“““““
NETWORKS

The thermal resistance concept or the electrical analogy can also be used to © &
solve steady heat transfer problems that involve parallel layers or combined ®
series-parallel arrangements. Although such problems are often two- or even
three-dimensional, approximate solutions can be obtained by assuming one-
dimensional heat transfer and using the thermal resistance network.

Consider the composite wall shown in Fig. 3-19, which consists of two
parallel layers. The thermal resistance network, which consists of two parallel
resistances, can be represented as shown in the figure. Noting that the total
heat transfer 1s the sum of the heat transfers through each layer, we have

: : : r=-7T, T =T, e 1 1
=0, +0,=-1 =4 2= (T, =T, - (3-29)
PUEOR, R, YU\ R, R,

Utlizing the electrical analogy, we get O=0,+0,

FIGURE 3-19
Thermal resistance network for two
parallel layers.

R, R,

i

since the resistances are in parallel.

Now consider the combined senies-parallel arrangement shown in Fig, 3-20.
The total rate of heat transfer through this composite system can again be
expressed as

Insulation

R, R, +R,

R‘:luI:R|2+Rl+R :.ﬁ' I oy
+ K,
1 2

W T

" L,
= i Ry = ! (3-34)
kA, ha,

g -

B,=
T kA,

Once the individual thermal resistances are evaluated, the total resistance and
the total rate of heat transfer can easily be determined from the relations above.
The result obtained is somewhal approximate, since the surfaces of the
third layer are probably not isothermal, and heat transfer between the first two
layers 1s hikely o oceur.
Two assumptions commonly used in solving complex multidimensional
heat transfer problems by treating them as one-dimensional (say. in the FIGURE 2-20
x-direction) wsing the thermal resistance network are (1) any plane wall Thermal resistance network for
normal to the r-axis is isothermal (1e., assumes the lemperalure varies in - combined series-parallel arrangement.
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5510 1,8 (6w Dygea &5 Y aw Sl Cwglie ggemme bl Sels Sl caglie

ReLock=R3+ Rcenter +R4 =0.97+15.74+0.97=17.68

RWALL mzK/W = Rblook X Ariablook = X0 p0 o> ).3)|9.1¢ @)‘P C."GOSLS.O

Rua=17.68 X 0.3 X 0.6= 3.18 m?K/w
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R=1/(1/R1+1/R2)
30x60-56=1744 cm?=0.1744m? IXPS ps alls ol

R1=d/(k x A)=0.06/( 0.03 x 0.1744)=11.468 M2KIW  :XDPS psb 5|, canglic
R2=d/(k x A)= 0.06/(0.2 x 0.0056)= 53.57 MKW  : ags 5 sleal, 5> Conglie

e ol en 40 XPS p98 5l Canglin Egamo

Reenter=1/(1/R1+1/R2)=1/(1/11.47+1/53.8)=9.446 m2 K/w

:30X60 oslul g yewilo ¥ cwlis b Seb )b g0 b dwy S, Cwglio

R3=R4=d/(k x A)=0.03/(0.2x0.18)=0.833 m2K/w

Ablos aiylo 8 6w O jga a5 Y au Ll Ceoglis fgame b plp Seb Il Cwglie

ReLock=R3+ Rcenter tR4 =0.833+9.454+0.833=11.11

RWALL mzK/W = Rcenter X Ariablook = X0 p0 > )|9.1.> @)‘P Ca.ogl.a.o

Ruau=11.11 X 0.3 X 0.6= 2 m?K/w
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139 (o0 dlie ) J5e,8 5l 2l

R=1/(1/R1+1/R2)
30x60-56=1744 cm?=0.1744m? IXPS ps alls ol

R1=d/(k x A)=0.03/( 0.03 x 0.1744)=5.73 M2KIW  :XDS ps} 5> unglie
R2=d/(k x A)= 0.03/(0.2 x 0.0056)= 26.78 M2KIW  : aruss: 55 sledasl, 05> canslie

e ol en 40 XPS p98 5l Canglin Egamo

Reenter=1/(1/R1+1/R2)=1/(1/5.73+1/26.78)=4.72 m2 K/w
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R3=R4=d/(k x A)=0.035/(0.2x0.18)=0.972 m2K/w

Ablos aiylo 8 6w O jga a5 Y au Ll Ceoglis fgame b plp Seb Il Cwglie

ReLock=R3+ Rcenter R4 =0.972+4.72+0.972=6.664

RWALL mzK/W = Rblook X Ariablook = X0 p0 o> ).3)|9.1¢ @)‘P C."GOSLS.O

Ruau=6.664 X 0.3 X 0.6=1.199 m2K/w




wallax xps plus SYly gle Sgb 8 Glasin : 1 o)led Jyox

[r=] WL X

(kg/m?)

9

Culd o

wmk >

|_‘:'I'IJ|J? .:.uagull.a
mvkw)

Caalos

Oide Bl

s g

fo:

1Y

wallax xps plus

A«

r

wallax xps plus

wallax xps plus

oS ly e ) 8Ylg g Sl b Cladla Jpar

ol

..'L?-ln
o

fﬁ“-"{l

A$-

kg/mt

oS Ylg M pgama g

fr db

db

o Lalf laie

T

mgp/cm Y

ks gl

<¥i.

litm¥

ol ol

S ez

O s gy

Sle,d axxl e WWW.WallaX.ir cole & Jgame pl g9, 2 Oliole;l oo &l p

O anl &8 05 R&D sy lawgs oo auygs

NIIREAPARARYZS

el < AVAYAVANYY

L}uLoJ LQLQ O)Lo.«i’




