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= ki/l,
1 (3.5)

Acki‘ b a c k  l oss  =  1. (Tc-  Ta)  i1-1
2(1,+  li)(l,+  1,)

I (3.6)
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9 top loss(c,g2)
= AcEc2(Tc-  Tg2)+

aAc CT’,-  T”  )
g2

(l/E
p,i

+ l/E .-1)
92,1

( 3 . 7 )

gtop  loss Cc  ,g2) = (KC2+  hr2)Ac(Tc-  Tg2, =
UC- Tg2)

R3
A
c ( 3 . 8 )

lad
h
r2 =

o(Tc+  Tg2)  CT;+  T’  )
92

(l/E
p,i

+ l/E
g2,i -1 )

T - T
92 gl

qtoP  loss (g2  ,gl ) = ‘i;c, + hr,  )Ac(Tg2-  Tg,  ) = ( R ) A
c (3.9)
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dTg,+ Tg2)(Tfi,+  Tfi2)

cl = (l/E gl ,i
+ l/E

g2,i -1 )

= (Tg,-  Tair)eAc
R5

(3.10)
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2

hr,-  = Egl,i OcTgl+ Tsky)(Tgl+  Ttky ){ Tgl sky
T - Tair

1
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U

c = (R~+R~) CR3+  1+ R5)
( 3 . 1 1 )

(Tc-  Ta)  A
c

q top loss = 0 . 3 3
N/[(C/Tc){(Tc-  T,)/(N  + f)) 1 + l/h

c,m

TWA

o(T’  -
c

Ti ‘AC

+ ( 3 . 1 2 )

l/k
p,i

+ 0.05NClf~ p i,} +(2N+f-1  )/cg  i-N
> >

f = ( l - 0 . 0 4  h + 0 . 0 0 0 5  hZ )(l+O.O91N)
c.m c,-

C = 3 6 5 . 9  ( l - 0 . 0 0 8 8 3  8 + 0 . 0 0 0 1 3  8*)
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0.1  < E
p,i

< 0 . 9 5

O,< v  ~lOm/s

1 s N <3

OS 8 sgo

hJTI~%il  the standard deviation ?EwrdlUbLwn6l~h61  UC = qtop,,/A  (T - T) .%ICC a
0.14 W/m2.K
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dT
asIsdy  - Uc(Tc-T,)dy  +{-kt $ 1 )-{-kt  21 I=0

Y’Xo Y+dY

4 I
a

= Ic  i
s

( 3 . 1 4 )
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%=I y+dy  a x0

d’ T

+ { -3 -dy
0 d?  YIX~

d2  Tc u CrI
- = 2 {Tc- CT,+ -+% 1
dy2 kt c

d2 0- =
dy'

m20 (3.16)

d0
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= 0 aty=O
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0 = Tbho  ) - (T + +a sty-”

c
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=  ' [~,Is- UC  $,(x0)  - Talkan  h  mw( 3 . 1 9 )m

qtotal(xo)  = 2WhsIs-  UctTb(xo  I-T,  }I  tanm;  mw
( 3 . 2 0 )

Of
= ( t a n  h  mw)/mw
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4 Wim’ K
8 W/m’ K

0.685 Btulhr . It’ . ‘I:
1.37 Btu/hr . ft’ . =‘F

kr '

0.4 WlK 41.5 Btuihr . “F

0.005 W/K 0.52 Bni/lu  . OF

h,,

300 W/m’ . K 52  Btulhr . f:’ . ‘I:
1500 W/m’ . K 254 Btu/hr  . P’..  ‘F
100 W/m z . K 17.6 Btu/hr . ft’ . ‘1‘
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f (x).dx
rtdl qu (xl  0inmmi~  (3.25) ~‘14  ~~ (x)  + ;i;;-

dTf(x)
- =

m 'p dx P’F’hsIs-  UctTf(x) - T,}I

dTf(x) P'F'Uc dx
- -

Tf(x)-T,-QsIs/Uc  = ~ c (3.28)

P

Ax =OhW%@ihhF' UFit Up &wi7"$k%i

Tf out- Ta- osls'uc
I ' I= exp - (

UC L'F'L
) (3.29)

Tf,in - Ta - (YsIs/U i-ACc P
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G c
F =P [l- {

‘J~I,/U,- Of  out-Ta)

R U
c QsIs/Uc- (Tf  Iin- T,?

tdo’tdTuut4uunuYwun73  (3,29)  XJ:LI&

GC

F =R $ I I - e x p  (-U~F'/G  cp)  1
C

(3.31)

(3.32)
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qu  = % *CA,  - Uc(Tc- Ta) Ar
(3.34)
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t@fJd  ‘I,  = LhGl5fllWllJ~~tTJ  (optical efficiency) uo;riTai?aauua~

(3.35)

rl  IA0 c a
% = - -

'Jc(Tc-  Ta)Ar

I Ac a IcAa

cl) -
Uc’Tc-  Ta) ,

0 I . CRc (3.36)
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dq = Uod%  WA- TB) = U02firOdx (TA-  TB) (3.39)
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I

Fouling factor (m’.W/W)

0.00009

0.0002

0.0009

0 . 0 0 0 7

0.00009

0.00009

0 . 0 0 0 4

0 . 0 0 0 2
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th(Th,-  Th2) Thl- Th2
‘h  =ccTeT  =

h hl cl)
T

Thl- cl

tc(Tc2-  Tc,) Tc 2- Tel
E = =
c '?(T -Tc,)c hl Thl- TCl

(3.45)

(3.46)

uEIJ9na~nasaPr~~e:~~
’

'hcThl-  Th2)
T
hl- Th2

Lh=t(T-T  = T
h hl ~2) hl- Tc2 (3.47)

dq = U, (Th-  Tc)  dAo  I

Gbm.mmia  (3.43)  (1u;d

dq = icdTc = .-Ch dT h

(3.49)

(3.50)
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dTc = dq/Cc  LEG dTh  = -dq/Ch

LKmYJ~U

d(Th-  Tc)  = - dq (1 + ?e )
c .

c ! ‘h

LbP?Wfh  dqmXWnl9 (3.49) iltln"

d(Th-  Tc)

Th-T  = ) dAo
c “h.  cc

(3.51)

(3.52)

In Th2-  Tc2 UC4  AlI c
= - - (1  +g.,

Thl-  Tc, C ‘h
c (3.53)

Th2-  Tc2
c

=
Thl-  Tel

exp  {-
u.3 %
-(I + -+)I

;:
c ‘h

bh(Th,-  Th2) = +Tc2-  Tc, )

Th2

C

= Th,+  + (T,e,-  Tc,)

‘h

(3.55)

Th2-  Tc2
Thl+  (tc/th)(Tc,-  Tc2)  - Tc2

=
T

h l -  Tel Thl-  Tel
('3.56)
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Th2-  c2
T

Thl-  Tel

= 1 - (1 + cc/c,,  E c

&&-w.m7a  (3 .54 )  wivhaama  (3 .57 )  P:%

uo A0 c c
s = E = [I-exp{  - -

c c
(I+  +-, II/Cl+ + )

C
c h ‘h

( 3 . 5 7 )

( 3 . 5 8 )

uo A0 ‘hE=E ‘h
c = [l - exp  {- y-- Cl+  - )}l/(l+ - 1

‘h
c tc c (3 .59 )
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lW+-t+t-i+-+-+I
L-l -L..-
0 6

$i’ 3-12 dl  effectiveness

wlwn”ll
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1

counter flow)

Stli;’  3-15 Fl’?  effectiveness a~~W~~~“a66blnsP~66~~  ‘2-4 multipass  counter flow
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i  --cnp j--N(l +  C)j
cc-

l+C

Shell and tube

~Jns.s!~oll  PISS,  5,  +. 6 t u b :  ,kia.ts c-=  2 1 + c + (I + C’)“’
I +exp  [-N(1  tc*)“*]\-;

1  -ctp  [-MI  +  C’)”  ]j
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q = tic  CT,-  T~))~  = {~c(T~-  T,  )lc

q = (0.9)(4203)(365  K-Tz)E  = (0.3)(4191)(5)W

= 6286 W

W u T, = (365~1.67jK  = 363.3 K 4khfh  effkctkms  hJ%!lXulY8Jb4Rt.&  (nxii-If

hl1urii4)  ocld
T - T

E c2 cl 5= =c Thl- Tel
i-7 = 0.294

Tc 2 = TC,+ E(T~,-  Tc, )= 348K + 0.294(355-348)K

1 4 8

= 350.06 K

PH 235



PH 235 1 4 9



1 5 0 PH 235



PH 235 1 5 1



1 5 2 PH 235



WNs (Ts - T)a

ATs  = T - Ts,new s ,old = & Is,-  L --(uA)~(T~  old-
PS > T,)}

4” = (icp)c  (To o- Ts)
( 3 . 6 3 )
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cIu  = F(ic)p c CTc,o- Ts) (3.64)
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