Heat & Mass Transfer Chapter 11. Principle of heat flow in fluid

Chapter 11. Principle of heat flow in fluid

convection : Natural convection & Forced convection

1. Newton’s equation of cooling

q —
q < AAT m— | [
q=hAAT sT=B-® \
where, h is heat transfer coefficient >

h = h(geometry, physical property of fluid, fluid velocity...) S~ 1%

A\ Btu ax
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q= 1
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2. Types of Heat Exchanger (HEX)

Vapor
F
£, 8, Vent & llqmd
y /C K'
DZ A Flud Binlet CH@
fu o
Inlet liquid Condensale Fluid Aou'llel
~ Counter current flow
%
Contact methods ] Co-current flow

_ Cross current flow

Fluid A inlet

Eﬁ Fluid B outlet

GE=E D)

£ Siidtemy



Heat & Mass Transfer Chapter 11. Principle of heat flow in fluid

Double pipe HEX
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3. Rate of heat transfer

1) Overall heat transfer coefficient

<Assumptions>
1) my, ni; : constant
2) Cph, Cpc: constant T, — T, : Overall local temperature difference
U : local overall heat transfer coefficient

q=UA(T,~T,)

Th
Differential rate of heat transfer through infinitesimal
cross-sectional area, dA
Th,w
Tew 8q = U;dA,AT dA; = Dyl
= UOdAOAT dAO = TI.'DOdl
Ul'dAi = UodAo
Te

Ui dA, _ D,
U, dA; D;
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3. Rate of heat transfer

2) Heat balance
Hot fluid side

Hh == (Hh +dHh) +6q
dHh - —561

8q = —mpCypdTy
q = —1ipCon(Th — Tha) = MpCpn(Tna — Th)

dHh = ‘thpthh

Total heat transfer rate
qr = MpCon(Tna — Thp)
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3. Rate of heat transfer

2) Heat balance
Cold fluid side

(H.+dH,) + 8¢ = H,
Hc:_aq

dH, = 1h,CpcdT, = —&q

Tc
f 6q = =1 CpcdT,

Tca

q= _mccpcd(Tc - Tc,a) = mcCpC(Tc,a - Tc)

Total heat transfer rate
qr = mcCpC(Tc,a - Tc,b) = _AHT,h = AHT,C
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3. Rate of heat transfer

2) Heat balance

Overall heat balance

(QT :)mcCpC(Tc,a - Tc,b) = thph(Th,a - Th,b)
_AHT,h == AHT,C

_{mhcph(Th,b - Th,a)} = mcCpc (Tc,a - Tc,b)

8q = UdAAT
&q qr

d(AT) AT, — AT,
UdAAT  qy

where, qr = mcCpc (Tc,a - Tc,b) = mhcph (Th,a - Th,b)
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3. Rate of heat transfer

Case |, U is constant

jATz 1d(AT) _ fAT AT, — AT, "
0

AT, U AT dr

1 ATZ _ ATZ - ATl A

—1
U AT, ar T
ATZ - ATl
qT - UAT AT.
In =2
AT,
qr = UATA_TL

_ ATZ - ATl
ATL == —AT
n-—=
AT,

If h and C, are constant

&q qr — 0

Log mean temperature difference(LMDT)

& 69 = ud AAT
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3. Rate of heat transfer

ATZ Ul - ATZa + bATlATZ
Case ll, U is NOT constant _ | AT U, = AT;a + bAT,AT,

U = U(AT) = a + bAT AT,Uy — AT, U, = aAT,a — aAT,

d(AT) AT, — AT,

UdAAT ~  qr

j Tra d(AT) = j AT ATy

ar, @(a+ bAT)AT A qr

AT2[ a+ bAT bAT
f — d(AT)
(a + bAT)AT (a + bAT)AT

B jATz bAT d(AT) = AT, — ATy ,
"~ aly, |AT  (a+bAT)AT T gr T

1(. AT, la+bAT2} AT, — ATy
J— —n =

n
ATy a + bAT, qr ! U, AT, — U,AT;
AT2 (a+ bAT;) _ aAT, — aAT, 4 “qr = Ar ULT;
VAT (a + bAT,) qr T U,AT,
ATzUl ATzUl _AT]_UZA
AT1Uz dr ’
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4. Relation between overall heat transfer coefficient and

: individual heat transfer coefficient
1) For clean surface (no deposit)

5 (ATi =Tp — Th,w)
=— -
1=, R; = 1/(h;dA))

AT, R ATy, =Thw — Tew
R; = xy, /kydA,

5 (ATO =TC,W—TC>
=— -
1= R, R, = 1/(hodA,)

Sg = _Tn=Te _ _ AT A
9= Ri+Rw+R,  Rj+Ryw+R,

5q = U;dA;AT = U,dA,AT-----B
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4.

1) For clean surface (no deposit)

Relation between overall heat transfer coefficient and

individual heat transfer coefficient

FromA & B,
1 1 x 1
=R;,+R,+R, = + —=
U;dA; L w O nidA;  kydAL hydA,
1 1 xXwdAj 1 d4;
1_ 1, xwDi 1D
U; h; kwDy, ho Do
AT
= U,dA;AT —
00 = Uid4AT = 8q = =
AT Ly w1
= UydA,AT > ———— - hidA; kwdAL hodAg
1/(UpdAo)
1_1+wai 1 D; 1 1D, xWDO+1
Ui h;  kyDL  hoDo Uo  hiDi kuwDL ho
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4. Relation between overall heat transfer coefficient and

. . individual heat transfer coefficient
2) with scale deposit

<Assumptions> AT

1) dAl = dAdi 8q —

2) dA, = dAg, Riotal

AT =T, —T,

RtDtul == Ri +Rdi +RW +Rd0 +R0

R =1 1
L™ hida; di = pidA;
X
R, = —X%
W kydAL
R = 1 1
0 7 hodA, do = p..dA,
X
hai *W  hao 5q = AT
1 \ 1 \ Xw , 1 \ 1

hidA; hgidA; kwdA[ hgodAo hodAp

Chapter 11. Principle of heat flow in fluid

'+iﬂ+1ﬂ 1 1D, , 1 Dy , xwDy

1 1
— — = -0 2w
Ui h; hai kwDy, ho Do hgo Do Uo h; D; hd; D; kwDy, hgo ho
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