Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

Chapter 12. Heat transfer to tfluid without phase change

Prandtl number

p v(momentum diffusivity) (u/p) pCy,
'r' = = =
a(thermal diffusivity) (k/pCy) k
6: Prandtl boundary layer
O7: thermal boundary layer
Us T 5 Us Tao 5 Pr < 1(= v < a): Liquid metal
y y L opr> 1(= v > «a): Liquid
5 - Pr=1(=>v = a): Gas
7_ _WH_\ T 4\ 6
x=0 "X Ty | x=0"% T, | .
Pr>1 Pr<1 q_iiAAT
8> 8 5< b q/A = hAT
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

1. Dimensional Analysis

Number of dimensional variables -» n Number of dimensionless variables
m '

Number of fundamental dimensions - >N —m
q/A = h AT
q/A = q/A(p,Cy, k, u,u, AT, D, B X g)
F(q/A,p,Cy k,u,u, AT, D, X g) =0
where, f = %(Z—‘;) : coefficient of thermal expansion [K 1]
P
pl=K~'[=6""] gl=m/s?][=LT?]

Bgl= LT 2671] k[=W/m-K][= HT"'L71671]

q/Al= HT™'L™] ul=g/an -s][= ML™'T]

Col=J/kg - K][= HM~'0~']  AT[=K][= 6]

ul=m/s][= LT™"] D[=m][= L]
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Chapter 12. Heat transfer to tfluid without phase change

1. Dimensional Analysis

Number of fundamental dimensions; [M], [L], [T],[6],[H] =& m =5

- Recurring sets

AT[= 0] - [6] = AT

D[=L] - [L]=D

pl=ML3] » [M]=px[L*] =pD?

ul=ML'T™1 - [T] = u ' [ML™'] = u~'pD3*(D~1) = pD?*/u

3
k[=HT 'L '07'] - [H] = k[TOL] = k (%) (AT)(D) = k(pD3)AT/,u
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

1. Dimensional Analysis

H2HrE=u,C,L9,q/A

1) u[=LT™ Y]
- u — u — u — puD —R
1= r=1 ~ plr-1] D(p_‘Dlz)_l u Ty = e

2) Cp[= HM™1971] Ny = (q/4) convecim
—_ % % _ ok - " (q/4 -
Ty = [SHM-16-1] = [(kpD3)(pD3)1AT—1] = Ty Pr (CI/ )oon ducdbn
hAT h
3) Bgl= LT_ZB_l] - = kT_T = EAX
—__Ps___ By — BoATpD 3 = Gr (Grashof number) Ax

T3 = = =
37 2677 [D(p_DZ) ZAT-l] w2
u

4) q/A[=HT 'L7?]
__ A _ q/A _hD _
s =121 = [(ka3AT)(p_D2)—1D_2] =% 4 = Nu (Nusselt number)

u 3
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2. Forced convection

1) Turbulent flow

Nu = Nu(Re, Pr)
Tw

.

o Empirical equation

Nu = 0.023Re%8pr1/3¢014
where, ¢ = u/u,,

hiDi
k

Cpu uD
Pr = 2= Re =22
k u

0.8 1/3 1.4
hiD; puD; Cpu P
= 0.023 —_ o
k [0 k w

Nu=
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2. Forced convection

2) Laminar flow
Nu= Nu(Gz)

_TT
_mC,  (pus)C, (puzDHCyp
kL kL kL u

-(H(E)ED

Pe[= Pr - Re] (Peclet Number)

Gz =P nD_PRnD
z—e4L—r e4L

Fourier’s number

at at 4at 4kt 4KL

Fo = 2 pz_ pz 2 25

S R D pCpD pCpD“u
T

&Gz = —

Fo

Gz
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2. Forced convection

2) Laminar flow

if Gz > 20 .
Nu=2Gz"3¢p)™ o //”3—
v
1 1
= 2(Pr Re 223014
4 L
20 Gz
1
T\3 2 2 D\3
NuRe~1Pr-1 =2 (Z)3 Pr~3Re 3¢p0M (Z)

1
22 D\3 _2(D\3
St = 1.86 Pr 3Re 3¢ <Z> = 1.86 Re 3<Z>

|

. @ sANGN
¥ UNIVERSITY



Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

2. Forced convection

3) Transition region (2,100 < Re < 50,000)
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

3. Forced convection in Non-circular duct

for only turbulent flow

D(tube) = D,(non-circular tube), equivalent diameter

crossectional area
wetted perimeter

De=4rH=4<

Ex. 7} = 3cm, Al 2 2cm 9] duct 9D, ?

B 2 X 3cm?
TH_ZX(3+2)cm

) |

D, =D, — D,

=06am D,=4ry=24cm
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

Ex 12-2
Z» 16 BMG copper tube (App 6)
8 T, p = 60°F
D; = 074510 . u_W:4ft/s
Y\D, =0.875n. W
!
Hot r'] Hot
Tpq = 141°F in_ o | s _out  Tpp = 79°F
o =5ft)s " ° Lj — — " Uy =5ft/s
Cild Schedule# 40 1%z 11 . Steel pipe (App5)
out D D;=16101n.
T, o = 80°F 2|D, =1.900% .
u, =4ft/s
I N
— 141479 —  60+80
Ty =———=110°F Ty =—F—=70°%F p(b /ft*) 62.3 53.1
u(b /ft - hr) 0.982 cP =2.34 0.48 cP = 1.16
k(Bw /ft - hr - °F) 0.346 0.089
C,(Bt /b - °F) 1.0 0.43
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Chapter 12. Heat transfer to fluid without phase change

Ex 12-2

h; (Benzene)
Nu = 0.023Re®8Pr1/3, ¢ =1

= 5.12 x 10* (Turbulent flow)

( puD) 5.31 x(5%3600 )x(0.745 /12)
1.16

Pry (= Cp“) = 286 = 6.235

( ) = 0.023 (5.12 x 10%)%8x 6.2351/3 = 232.4

_ 232 4><k _ 2324X008 _ 500 py /ft - hr - °F
D; 0.745 /12
h; (water)

Nu = 0.023Re®8Prt/3, ¢ =1
De = D2 - Dl

= 2.31 x 10* (Turbulent flow)

puD, 62.3X(4X3600 )% (0.735 /12)
ReW = =
w 2.38

_ Cp_u _1x2.38
Py (_ k )W T 0346 6.88

Nu(="2%) =0.023 (231 x 10*)°®x 6.88"/% = 135.46
w

1
U, h D;  k,D,
1 0.875/12

1

= 299.50745/12 ' 866.89

=5.08x1073

U, =197.04Bw /ft - hr - °F
h — 135 4—6><k 153 .46X%0.346 — 86689 Biu /ft . h?" . oF
D, 0.735 /12
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

4. Force convection outside tubes

1) For flow normal to single cylinder

Where, kf,/,tf —values at mean film temperature

For gases ! For liquids
5| i : S i 0.52
i : ! hoD Cprlt DoG
550 = ', 1 o0 pf f = 035 + 056 .
50 — Pr=8 Fi ! k¢ kr Hf
f Pradaarcd papa _.I"_", : N ’ A 7 N ’
con | |W-@—@ Al - Echen I*:l:-ll ] | Nuf Ref ’ i
I K Cittus-Bontar. 1030 r"" | ! Ulsa mer's equatlon
SN = Cinbnek), 1975 A | ]
| | —— e, 2042 I |
hoDo ‘ﬂ | E |
Nuy = = ! |
kf ] I :
) : :
750 — f |
Fid i} : i
153 —| et i I
. T I
10 E;;Ell’f‘! i
oa —1 1
N0 [ :
D,G l
Ref = |
Kr :
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4. Force convection outside tubes

2) For flow past single sphere

0,

=

h.D DG\ /C 3
0 p=2.0+0.6<—p ) <—p'f”f>
kg Hr kg
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

5. Natural convection (free convection)

Nu = Nu(Pr,Gr)

2n3
Gr = Bg(AT)p*D

2 Grashof number

* Form of empirical equation

Nu= b(Pr-Gr)"

1) For single horizontal cylinder

1.8

/
: /
12 If log(Pr-Gr)>4 Pr-Gr>10*
1.0 b =0.533,n = 0.25
Z o8 ,/
£ os w. Nug = 0.533(Pr - Gr)**
04 L/
02 e Nuy = hoDo Gro = Bg(AT)p7D3 pr. = Corts
0 . kf = #2 f kf
e f
-02 ///
~0.4
4321 0 1 2 3 4 5 6 7 8
Logy [Gr x Pr]
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Heat & Mass Transfer Chapter 12. Heat transfer to fluid without phase change

5. Natural convection (free convection)

2) For air flow vertical and horizontal plane

Nus = b(Pr-Gr)" | bnt2 (#1249

hL o P9 (AT)pfL?

Nuf = —
f T

3) Effect of natural convection in laminar flow

If AT is large = large AT may cause natural convection

1
Nu = 2.06z3¢p2" ¢,

1
_2.25(1+ 0.01Gr3)

n = Correction factor duel to natural convection

log Re
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