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Chapter 7 External Forced Convection

7-52 A steam pipe is exposed to a light winds in the atmosphere. The amount of heat loss from the steam
during a certain period and the money the facility will save a year as a result of insulating the steam pipe
are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant properties. 3 The plant
operates every day of the year for 10 h a day. 4 The local atmospheric pressure is 1 atm.

Properties The properties of air at 1 atm and the film temperature of

(Ts + T.)/2 = (75+5)/2 = 40°C are (Table A-15) Wind
V., =10 km/h
k =0.02662W/m.°C T,=5°C
_ 502 / .

v=1.702x10" m*/s / / / / Steam pipe

Pr=0.7255 SS_=1Z)S°C
Analysis The Reynolds number is ( ( . _ 0 ;m

Re = VD _ [(10><1000/36005)m/§](0.1m) _1632x10°

L 1.702x107> m“/s

The Nusselt number corresponding this Reynolds number is determined to be

hD 0.62Re %5 prt/3 re v
Nu=—=03+— 7 1+[ j

4/5

=03 =7119

5/8
.\ 0.62(1.632x10%)%%(0.7255)3 1.632x10*

The heat transfer coefficient is

h= K Ny = 002662WIMC 2, 1) 15 95Wim?2.oC
D 0.1m

The rate of heat loss by convection is
A, =2DL = 7(0.1m)(12m) =3.77m?
Q=hA (T, -T,) = (18.95W/m?.°C)(3.77m?)(75-5)°C = 5001W
The rate of heat loss by radiation is
Qrad = AT (T* Ty )
=(0.8)(3.77m?)(5.67x10® W/m? .K4)[(75+ 273K)* = (0+273K)* ]: 1558 W
The total rate of heat loss then becomes
Qutal = Qeony + Qrag = 5001+1558= 6559 W
The amount of heat loss from the steam during a 10-hour work day is
Q = Qqta1 At = (6.559kJ/s)(10 h/day x 3600s/h) = 2.361x 10° kJ/day
The total amount of heat loss from the steam per year is
Quotal = Quay (n0.0F days) = (2.361x10° kJ/day)(365days/yr) =8.619x10" kdlyr
Noting that the steam generator has an efficiency of 80%, the amount of gas used is
_ Qu@m _ 8.619x10’ kJ/yr( 1therm

Qas = 0.80 0.80 105,500kJ

Insulation reduces this amount by 90 %. The amount of energy and money saved becomes
Energy saved = (0.90)Qg,, = (0.90)(1021therms/yi) = 919 therms/yr

jlethherms/yr

Moneysaved = (Energy saved)(Unit cost of energy) = (919 therms/y1)($0.54/tlerm) = $496
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Chapter 7 External Forced Convection

7-53 A steam pipe is exposed to light winds in the atmosphere. The amount of heat loss from the steam
during a certain period and the money the facility will save a year as a result of insulating the steam pipes
are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant properties. 3 The plant
operates every day of the year for 10 h. 4 The local atmospheric pressure is 1 atm.

Properties The properties of air at 1 atm and the film temperature of

(Ts + T.)/2 = (75+5)/2 = 40°C are (Table A-15) Wind
V,, = 10 km/h

k =0.02662W/m.°C T,=5°C

v=1702x10° m?/s / / / / / Steam pipe

Pr=0.7255 JIee
Analysis The Reynolds number is ( () e _ 0.8

me - VD _ [(10x1000/3600)m/s0.1m) _ 1632x10°

v 1.702x107° m?/s

The Nusselt number corresponding this Reynolds number is determined to be

hD 0.62Re®5 prt/3 re ¥
Nu :TZO.3+ 1+

[1+ (04/ Pr)2/3}1/4 282,000
415
4705 13 4\°/8
_ o3, 062(1.632x10%)°°(0.7255""% | (1.632x10 7119
h+(04/07255)2/3 /4 282,000
The heat transfer coefficient is
he X Ny = $02662WIMC 21 10y 1895 Wim2.oC

D 0.1m
The rate of heat loss by convection is

A, = 7DL = 7(0.1m)(12m) = 3.77m?
Q=hA (T, -T,.) = (18.95W/m?.°C)(3.77m?)(75-5)°C = 5001W

For an average surrounding temperature of 0 °C, the rate of heat loss by radiation and the total rate of heat
loss are

Qrad = SASO'US4 _Tsurr4)
= (0.8)(3.77m?)(5.67x10® Wim? K*)[(75+273K)* - (0+273K)* | =1558W
Quotal = Qeony + Qrag =5001+1588= 6559 W

If the average surrounding temperature is —20 °C, the rate of heat loss by radiation and the total rate of
heat loss become

Qrad = gAsU(Ts4 _Tsurr4)
— (0.8)(3.77m?)(5.67x10°® Wim? K*)[(75+273K)* - (~20+ 273K)* |
~1807W

Qutal = Qcony + Qrag =5001+1807 = 6808 W

which is 6808 - 6559 = 249 W more than the value for a surrounding temperature of 0°C. This corresponds
to

249W
6559W

%change = Quitterence, 10 =
total,0°C

x100=3.8% (increase)

If the average surrounding temperature is 25°C, the rate of heat loss by radiation and the total rate of heat
loss become
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Chapter 7 External Forced Convection

Qrad = gAsG(rs4 _Tsurr4)
— (0.8)(3.77m?)(5.67x 10 W/m2 K *)|(75+ 273K)** — (25+273K)*
=1159W

Quoal = Qeonv + Qrag =5001+1159=6160W

which is 6559 - 6160 = 399 W less than the value for a surrounding temperature of 0°C. This corresponds
to

Qdifference %100 = 399W

%change = W x100=6.1% (decrease)

total,0°C

Therefore, the effect of the temperature variations of the surrounding surfaces on the total heat transfer is
less than 6%.
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Chapter 7 External Forced Convection

7-54E An electrical resistance wire is cooled by a fan. The surface temperature of the wire is to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties. 4 The local atmospheric pressure is 1 atm.

Properties We assume the film temperature to be 200°F . The
properties of air at this temperature are (Table A-15E)
k =0.01761Btu/h.ft °F Air
v =0.2406x107 ft?/s V,, =20 fi/s
T, =85F

Pr=0.7124 ©

Analysis The Reynolds number is / / / / / gesi(s)taln_ce wire
V,.D . =0.1in
Re = V=D _ (20ft/s)(0 13{1213) 6928 ( (
L 0.2406x107° ft“/s

The proper relation for Nusselt number corresponding this Reynolds number is

hD 0.62Re %5 prt/3 re V81"
NuU=—=0.3+— 7 1+( j
[1+(0_4/Pr)2/3]1 282,000

0.5 1/3 58745
034+ 0.62(692.8)"°(0.7124) 1+ 692.8 1334
b+ 0.470712422 ] 282,000
The heat transfer coefficient is
k 0.01761Btuwh.ft°F
h=—Nu=
D (0.1/12ft)

Then the average temperature of the outer surface of the wire becomes
A, = DL = 7(0.1/12t)(12 ft) = 0.3142ft?

O =hA(T.-T.) T T, L Q _geeps (1500><3.A;1214)Btu/h __
hA (28.19 Btu/h.ft“.°F)(0.3142ft°)
Discussion Repeating the calculations at the new film temperature of (85+662.9)/2=374°F gives

T,=668.3°F.

(13.34) = 28.19 Btuh.ft2.°F

62.°F
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Chapter 7 External Forced Convection

7-55 The components of an electronic system located in a horizontal duct is cooled by air flowing over the
duct. The total power rating of the electronic device is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties. 4 The local atmospheric pressure is 1 atm.

Properties The properties of air at 1 atm and the film temperature of
(Ts + T.,)/2 = (65+30)/2 = 47.5°C are (Table A-15)

k =0.02717W/m.°C
0=1.774x10"° m?/s

~ 20 cm

Pr=0.7235 —~
Air
; ; 30°C
Analysis The Reynolds number is 200 TYhin

VD [(200/60)m/s}(0.2m)
L 1.774x107° m%/s
Using the relation for a square duct from Table 7-1, the Nusselt number is determined to be

) hTD =0.102Re " Pr/® =0.102(3.758x10*)°"°(0.7235)"/* =112.2

Re =3.758x10"

Nu

The heat transfer coefficient is

h= Xy = 8027TLTWIMC ) 45 oy _ 1524 Wim?.oC
D 02m

Then the rate of heat transfer from the duct becomes
A =(4x0.2m)(L.5m)=1.2m?

Q=hA (T, -T,) = (15.24 W/m? .°C)(1.2m?)(65- 30)°C = 640.0W
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Chapter 7 External Forced Convection

7-56 The components of an electronic system located in a horizontal duct is cooled by air flowing over the
duct. The total power rating of the electronic device is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties.

Properties The properties of air at 1 atm and the film temperature of (T + T.,)/2 = (65+30)/2 = 47.5°C are
(Table A-15)

k =0.02717W/m.°C

v=1774x10° m?/s
Pr=0.7235

For a location at 4000 m altitude where the atmospheric pressure is
61.66 kPa, only kinematic viscosity of air will be affected. Thus,

V@bLeslea = [121'225](1.774x10‘5) =2.915x107° m?%/s

~ 20 cm

~
Analysis The Reynolds number is Air
30°C
Re = VD _ [(200/60)m/sf0.2m) _, o s 200 mimin

L 2.915x107° m?/s
Using the relation for a square duct from Table 7-1, the Nusselt number is determined to be
Nu = hTD =0.102Re*¢7° prl/® = 0.102(2.287)%6%(0.7235)"'% = 80.21
The heat transfer coefficient is
he X Ny = QOZTLTWIMZC o6 51y _10.90 Wim? oC
D 0.2m
Then the rate of heat transfer from the duct becomes

A =(4x0.2m)(L.5m)=1.2m?
Q=hA (T, -T,) = (10.90W/m?.°C)(1.2m?)(65- 30)°C = 457.7W
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Chapter 7 External Forced Convection

7-57 A cylindrical electronic component mounted on a circuit board is cooled by air flowing across it. The
surface temperature of the component is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties. 4 The local atmospheric pressure is 1 atm.

Properties We assume the film temperature to be 50°C. The
properties of air at 1 atm and at this temperature are (Table A-15) Air

k =0.02735W/m.°C V., = 150 m/min .
5 .2 T, =40°C Q

v=1.798x10" m*-/s
Pr=0.7228

Analysis The Reynolds number is
V,D (150/60m/s)(0.003m)

v 1.798x107° m?/s
The proper relation for Nusselt number corresponding to this Reynolds number is

hD 0.62Re %5 prt/3 re ¥
Nu=—=03++— +[ J
[1+ (04/ Pr)2/3]1/4 282,000

Resistor
04W
D=0.3cm

W

Re = =417.1

415
=10.43

_ 0.3, 0:62(417.)°(0.7228) ( 417.1 jm
b+ 047072282 ]" 282,000

The heat transfer coefficient is
h= K Ny = QO273SWIMZC 4 4y _ 95,09 Wim?.oC
D 0.003m

Then the surface temperature of the component becomes
A, = DL = 7(0.003m)(0.018m) = 0.0001696m?

. o) 0.4W
Q=h —T,)— T, =T, +—<=40°C+ =
AT -T.) s hA (95.09 W/m?.°C)(0.0001696 m?)

64.8°C
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Chapter 7 External Forced Convection

7-58 A cylindrical hot water tank is exposed to windy air. The temperature of the tank after a 45-min
cooling period is to be estimated.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties. 4 The surface of the tank is at the same temperature as the water temperature. 5
The heat transfer coefficient on the top and bottom surfaces is the same as that on the side surfaces.

Properties The properties of water at 80°C are (Table A-9)
p=971.8kgm?
C, =4197Jkg.°C
The properties of air at 1 atm and at the anticipated film temperature of 50°C are (Table A-15)
k =0.02735W/m.°C

v=1.798x10"° m?/s Water tank
. D =50 cm
Pr=0.7228 L= o5 om
Analysis The Reynolds number is
V.D (w m/sj(O.SOm)
Re=——= £ =309,015
L 1.798x107° m“/s

The proper relation for Nusselt number corresponding to this Air

Reynolds number is //,/'/1,/1 V., =40 km/h

T, =18°C

5/8 4/5
0.62Re®S prt/? Re
Nu=0.3+ 2
[ (0.arprpe | (282000
05 1/3 5/87%/°
_ 0.3, 0:62(309,015) (0.722534)1 1{309,015) _ 4849
1+ (047072287 282,000
The heat transfer coefficient is

ho X Ny = QO2735WIMC )0 )~ 2653Wim?.oC

D 0.50m

The surface area of the tank is

2
A, = DL+ Z”DT — 7(0.5)(0.95) + 27(0.5)% / 4 =1.885 M’

The rate of heat transfer is determined from

Q=hA (T, -T,) = (26.53W/m? .°C)(1.885m2)(80+-r2

—18J°C (Eq. 1)

where T, is the final temperature of water so that (80+T,)/2 gives the average temperature of water during
the cooling process. The mass of water in the tank is
2

m=pV = anT L = (9718 kg/m®)n(0.50m)? (0.95m)/4 = 181.27 kg
The amount of heat transfer from the water is determined from

Q=mC, (T, —T;) = (18127 kg)(4197J/kg.°C)(80-T,)°C
Then average rate of heat transfer is

: 181.27 kg)(4197J/kg.°C)(80-T,)°C
- Q _ (8127kg)(4197kg.°C)(80-T,) (E0.2)
At 45x60s

Setting Eq. 1 to be equal to Eq. 2 we obtain the final temperature of water
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Chapter 7 External Forced Convection

(181.27 kg)(4197J/kg.°C)(80-T,)°C
45x60s

Q=(2653 W/m2.°C)(1.885m2)[¥

—18j°C =

— T, =69.9°C
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7-59 "IPROBLEM 7-59"

"GIVEN"
D=0.50 "[m]"
L=0.95 "[m]"

T w1=80 "[C]"
T_infinity=18 "[C]"
Vel=40 "[km/h]"

"time=45 [min], parameter to be varied"

"PROPERTIES"
Fluid$="air'

k=Conductivity(Fluid$, T=T_film)

Pr=Prandtl(Fluid$, T=T_film)

rho=Density(Fluid$, T=T_film, P=101.3)

mu=Viscosity(Fluid$, T=T_film)
nu=mu/rho

T_film=1/2*(T_w_ave+T _infinity)

rho_w=Density(water, T=T_w_ave, P=101.3)

Chapter 7 External Forced Convection

C_p_w=CP(Water, T=T_w_ave, P=101.3)*Convert(kJ/kg-C, J/kg-C)

T w_ave=1/2*(T_wl+T_w2)

"ANALYSIS"

Re=(Vel*Convert(km/h, m/s)*D)/nu
Nusselt=0.3+(0.62*Re™0.5*Pr~(1/3))/(1+(0.4/Pr)(2/3))"0.25* (1+(Re/282000)"(5/8))(4/5)

h=k/D*Nusselt
A=pi*D*L+2*pi*D"2/4

Q_dot=h*A*(T_w_ave-T_infinity)

m_w=rho_w*V_w
V_w=pi*D"2/4*L

Q=m_w*C_p w*(T_wl-T_w2)
Q_dot=Q/(time*Convert(min, s))

time [min] Tw [C]
30 73.06
45 69.86
60 66.83
75 63.96
90 61.23
105 58.63
120 56.16
135 53.8
150 51.54
165 49.39
180 47.33
195 45.36
210 43.47
225 41.65
240 39.91
255 38.24
270 36.63
285 35.09
300 33.6
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Chapter 7 External Forced Convection

7-60 Air flows over a spherical tank containing iced water. The rate of heat transfer to the tank and the rate
at which ice melts are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties. 4 The local atmospheric pressure is 1 atm.

Properties The properties of air at 1 atm pressure and the free stream temperature of 25°C are (Table A-15)
k =0.02551W/m.°C

_ 5.2 Air Iced water
v=1562x10" m*/s V. =7mis 0°C
1, =1.849%x107° kg/m.s T, =25°C
Hs, goec =1.729x107° kg/m.s —>
Pr=0.7296 =
—>

Analysis The Reynolds number is
~V,D  (7m/s)(1.8m)
v 1562x10°m%s
The proper relation for Nusselt number corresponding to this Reynolds number is

Re

=806,658

1/4
Nu = hTD —2+[0.4Re%5+0.06 Re2’3]Pr°'4(“—wJ

Mg
5\
= 2+[0.4(806,658)0'5 +0.06(806,658)2’3](0.7296)0-4 % =790.1
1.729x10"

The heat transfer coefficient is

h= X Ny = 20255IWIMC 294 1y _ 11 20Wim? oc
D 18m

Then the rate of heat transfer is determined to be
A, =% = 7z(1.8m)? =10.18m?
Q=hA (T, -T,)=(11.20W/m?2.°C)(10.18m?)(25-0)°C = 2850 W
The rate at which ice melts is
Q =rihy; ——>=2.850kW = (333.7 ki/kg)——> M = 0.00854kg/s = 0.512kg/min
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Chapter 7 External Forced Convection

7-61 A cylindrical bottle containing cold water is exposed to windy air. The average wind velocity is to be
estimated.

Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas
with constant properties. 4 Heat transfer at the top and bottom surfaces is negligible.

Properties The properties of water at the average temperature of (T, + T,)/2 = (3+11)/2 = 7°C are (Table A-
9)

p=999.8 kg/m*
C, =4200J/kg.°C

The properties of air at 1 atm and the film temperature of (T + T,.,)/2 = (7+27)/2 = 17°C are (Table A-15)
k =0.02491W/m.°C

v=1.489x10° m?/s Air
_ V., Bottle
Pr=0.7317 I 2o D =10 em
Analysis The mass of water in the bottle is L=30cm

2
m=pV = anT L = (999.8 kg/m®)(0.10m)? (0.30m)/4 = 2.356kg

Wil

Then the amount of heat transfer to the water is
Q=mC, (T, —T;) =(2.356 kg)(4200 J/kg.°C)(11-3)°C = 79,162 J
The average rate of heat transfer is
. Q 79162)
Q= At~ 15x60s
The heat transfer coefficient is

A, = 7DL = 7(0.10m)(0.30m) = 0.09425m?
Qcony = A (T =T, ) —>29.32W = h(0.09425m?)(27-7)°C —> h =15.55W/m?.°C
The Nusselt number is

_ hD _ (1555 W/m?.°C)(0.10m)
k 0.02491W/m.°C
Reynolds number can be obtained from the Nusselt number relation for a flow over the cylinder

0.62Re%® pr/3 Re \'® e
Nu =0.3+ 1+[ )

=29.32W

Nu =62.42

/
L (0armpe | (282000
05 1/3 5/874/°

6242 = 0.3+ 202Re 7(0.7317) - 1+( Re j — Re=12856

b+ (0.470731772] 282,000

Then using the Reynolds number relation we determine the wind velocity
Re= V=D J1ogsg-_ Ve (0'12"1)2 V, =1.91m/s
v 1.489%x107°> m*/s
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Chapter 7 External Forced Convection

Flow Across Tube Banks

7-62C In tube banks, the flow characteristics are dominated by the maximum velocity 7. that occurs
within the tube bank rather than the approach velocity 7. Therefore, the Reynolds number is defined on the
basis of maximum velocity.

7-63C The level of turbulence, and thus the heat transfer coefficient, increases with row number because of
the combined effects of upstream rows in turbulence caused and the wakes formed. But there is no
significant change in turbulence level after the first few rows, and thus the heat transfer coefficient remains
constant. There is no change in transverse direction.

7-64 Combustion air is preheated by hot water in a tube bank. The rate of heat transfer to air and the
pressure drop of air are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of hot water.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of 20°C (will be checked later) and 1 atm (Table A-15):

k =0.02514 W/m-K p = 1.204 kg/m®
C, =1.007 kd/kg-K Pr =0.7309
1= 1.825%10° kg/m-s Prg=Prg1s = 0.7132

Also, the density of air at the inlet temperature of 15°C (for use in the mass flow rate calculation at the
inlet) is p; = 1.225 kg/m®,

Analysis It is given that D =0.021 m, S| = Sy =0.05m, and V = 3.8 m/s.

Then the maximum velocity and the Reynolds number T=90°C
based on the maximum velocity become V=3.8 m/s S,
Ti=15°C
S : '
Vo= v=— 2% (3815~ 6.552ms O
S;-D 0.05-0.021
S

re. _ PVmaD _ (L204kgm*)€552mis(0.021m) _ o > '

° i 1.825x10°° kg/m -5 N O O
The average Nusselt number is determined using N
the proper relation from Table 7-2 to be

0.63 0.36 0.25 O O

Nup =0.27Re ™ Pr=° (Pr/Pry)~ D

=0.27(9075)%%%(0.7309) °2¢ (0.7309/ 0.7132) *% = 75.59

This Nusselt number is applicable to tube banks with N_ > 16. In our case the number of rows is N, = 8,
and the corresponding correction factor from Table 7-3 is F = 0.967. Then the average Nusselt number and
heat transfer coefficient for all the tubes in the tube bank become

Nupy, =FNup =(0.967)(75.59) =73.1

he Nup y K  73.1(0.02514W/m-°C)
D 0.021m

=87.5W/m? .°C

The total number of tubes is N = N xN; = 8x8 = 64. For a unit tube length (L = 1 m), the heat transfer
surface area and the mass flow rate of air (evaluated at the inlet) are

A, = NrDL = 647(0.021m)(1m) = 4.222 m?
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Chapter 7 External Forced Convection
m=r; =p;V(N;S7 L) = (1.225kg/m*)(3.8 m/s)(8)(005m)(1m) =1.862 kg/s
Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer become

(4.222m?)(87.5 W/m? -°C)
(1.862kg/s)(1007 J/kg - °C)

T =T, —(T,-T;) exp[— r:éh ] =90-(90-15) exp(— J =28.42°C

p
_ (T,-T)-(T,-T,) _ (90-15)—(90-28.42)

In = = =68.07°C
In[(Ts —T;)/(Ts —T,)] In[(90—15) /(90— 28.42)]

Q = hAAT,, = (87.5W/m?.°C)(4.222m?)(68.07°C) = 25,148 W

For this square in-line tube bank, the friction coefficient corresponding to Rep = 9075 and S./D =5/2.1 =
2.38 is, from Fig. 7-27a, f = 0.22. Also, yx =1 for the square arrangements. Then the pressure drop across
the tube bank becomes

V2 . 3)(6. 2
AP N, fy P e _g0.22)) (1.204kg/m3)(6.552m/s) ( 1N

=455 Pa
2 1kg-m/szJ

Discussion The arithmetic mean fluid temperature is (T; + Te)/2 = (15 + 29.1)/2 = 22.1°C, which is fairly
close to the assumed value of 20°C. Therefore, there is no need to repeat calculations.
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Chapter 7 External Forced Convection

7-65 Combustion air is preheated by hot water in a tube bank. The rate of heat transfer to air and the
pressure drop of air are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of hot water.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of 20°C (will be checked later) and 1 atm (Table A-15):

k =0.02514 W/m-K p = 1.204 kg/m®
C, =1.007 ki/kg-K Pr =0.7309
1= 1.825x10° kg/m-s Pry = Prg 1, = 0.7132

Also, the density of air at the inlet temperature of 15°C (for use in the mass flow rate calculation at the
inlet) is p; = 1.225 kg/m®,

Analysis It is given that D =0.021 m, S| = Sy =0.05m, and V = 3.8 m/s.
Then the maximum velocity and the Reynolds number based on Ts=90°C

1 SL
the maximum velocity become |
V=3.8 m/s :%
St 0.05 T;=15°C

Viax = = 3.8m/s) =6.552m/s
M s -D 0.05—0.021( )
_— >
since Sp > (S; +D)/2 St O
_— >
ViaxD (@ %)(. : S O
Re = PVmnaD _ (1.204 l;g;n;s)(fos_&sszkm/s)(o 021m) _ o075
. m-s
x 9 5 e %
The average Nusselt number is determined using the S O D O
proper relation from Table 7-2 to be
Nup = 0.35(Sy /S, )%? Re%8 Pro% (pr/pr, )02 O

=0.35(0.05/0.05)%%(9075)%° (0.7309) ®¢ (0.7309/ 0.7132) %% = 74.55

This Nusselt number is applicable to tube banks with N_ > 16. In our case the number of rows is N, = 8,
and the corresponding correction factor from Table 7-3 is F = 0.967. Then the average Nusselt number and
heat transfer coefficient for all the tubes in the tube bank become

Nup,y, =FNup =(0.967)(74.55) = 72.09

Nup y Kk -°
he DN K 72.09(0.02514W/m-°C) —86.29W/m?2 .°C
D 0.021m

The total number of tubes is N = N xNt = 8x8 = 64. For a unit tube length (L = 1 m), the heat transfer
surface area and the mass flow rate of air (evaluated at the inlet) are

A, = NiDL = 647(0.021m)(1m) = 4.222 m?
m=m; =p;V(N;S; L) = (1.225kg/m*)(3.8 m/s)(8)(0.05 m)(1m) = 1.862 kg/s
Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer become

(4.222m?)(86.29 W/m? -°C)
(1.862kg/s)(1007 J/kg - °C)

Anh
Te =T, —(Ts —Ti)exp(— é J=90—(90—15)exp(—
m

]: 28.25°C
p

(T, -T,))-(Ts-T,)  (90-15)—(90—28.25)

ATy, = = ~ 68.16°C
In[(T, —T;)/(T, -T.)]  In[(90—15) /(90— 28.25)]

Q = hAAT,, = (86.29 W/m? -°C)(4.222m?)(68.16°C) = 24,834W
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For this staggered tube bank, the friction coefficient corresponding to Rep = 9075 and Sy/D = 5/2.1 = 2.38
is, from Fig. 7-27ba, f = 0.34. Also, y = 1 for the square arrangements. Then the pressure drop across the
tube bank becomes

2 3 2
AP =N, pV;aX _ g(0.34)0) L204kgm ) (6.552mr) ( 1N

=70.3 Pa
2 1kg-m/52]

Discussion The arithmetic mean fluid temperature is (T; + T¢)/2 = (15 +28.3)/2 = 21.7°C, which is fairly
close to the assumed value of 20°C. Therefore, there is no need to repeat calculations.

7-66 Combustion air is heated by condensing steam in a tube bank. The rate of heat transfer to air, the
pressure drop of air, and the rate of condensation of steam are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of steam.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of 35°C (will be checked later) and 1 atm (Table A-15):

k = 0.02625 W/m-K p = 1.145 kg/m®
C, =1.007 ki/kg-K Pr=0.7268
1= 1.895x107° kg/m-s Pry=Prg = 0.7111

Also, the density of air at the inlet temperature of 20°C (for use in the mass flow rate calculation at the
inlet) is p; = 1.204 kg/m®. The enthalpy of vaporization of water at 100°C is hig = 2257 kl/kg-K (Table A-
9).

Analysis (a) It is given that D =0.016 m, S_. =Sy =0.04 m, and V =5.2 m/s.
Then the maximum velocity and the Reynolds number based on i
the maximum velocity become T=100°C

| SL
s _ V=5.2 m/s :%
Y/ T_v 0.04 (5.2m/s) =8.667m/s T,220°C '

mX TS D 0.04-0.016

since Sp > (S; +D)/2 S 5 O
.
re . - PVnaD _ (1.145kg/m®)(8.667 m/s)(0.016m) _ 8380 — O
° 1.895x10°° kg/m -5 —>

The average Nusselt number is determined using the — @
proper relation from Table 7-2 to be N O D O
Nup =0.35(Sy /S, )% Re® Pro% (Pr/pr,)®%

=0.35(0.04/0.04)%% (8380) ¢ (0.7268) %% (0.7268/0.7111) ** =70.88 O

Since N, =20, which is greater than 16, the average Nusselt number and heat transfer coefficient for all the
tubes in the tube bank become

NU DYNL = NUD :70.88

Nug n K -°
he DN K 70.88(0.02625W/m-°C) 1163 W/m?2-°C
D 0.016m

The total number of tubes is N = N xN; =20x10 = 200. For a unit tube length (L = 1 m), the heat transfer
surface area and the mass flow rate of air (evaluated at the inlet) are

A, = NaDL = 2007(0.016 m)(1m)=10.05 m?
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m=m; =p,V(N; Sy L) = (1.204kg/m®)(5.2 m/s)(10)(Q.04 m)(1m) = 2.504 kg/s
Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer become

(10.05m?)(116.3 W/m? -°C)
(2.504kg/s) (1007 J/kg - °C)

Te =T, - (T, -T;) exp[— r:cs:h J =100-(100-20) exp[— J =49.68°C

p
_ (T,-T)-(T,-T,) _ (L00—20)—(100—49.68)

In = = =64.01°C
In[(T, —-T;)/(T, —T,)] In[(LO0—20)/(100—49.68)]

Q = hAAT,, = (116.3W/m? -°C)(10.05m?)(64.01°C) = 74,836 W

(b) For this staggered tube bank, the friction coefficient corresponding to Rep = 7713 and St/D = 4/1.6 =
2.5is, from Fig. 7-27b, f = 0.33. Also, y = 1 for the square arrangements. Then the pressure drop across the
tube bank becomes

VZ ) 3 . 2
AP N TP e 200390 (1.145kg/m®)(8.667 m/s) ( 1N

> 1kg-m/32]:283.9 Pa

(c) The rate of condensation of steam is

Q  74836kw

= _=0.03316kg/s
hfg@loooc 2257k\]/kg' C

Q= mcondhfg @100°C > r’hcond =

Discussion The arithmetic mean fluid temperature is (T; + T.)/2 = (20 + 49.7)/2 = 34.9°C, which is very
close to the assumed value of 35°C. Therefore, there is no need to repeat calculations.
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7-67 Combustion air is heated by condensing steam in a tube bank. The rate of heat transfer to air, the
pressure drop of air, and the rate of condensation of steam are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of steam.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of 35°C (will be checked later) and 1 atm (Table A-15):

k = 0.02625 W/m-K p = 1.145 kg/m®
C, =1.007 ki/kg-K Pr=0.7268
1= 1.895%107° kg/m-s Prg=Prg s =0.7111

Also, the density of air at the inlet temperature of 20°C (for use in the mass flow rate calculation at the
inlet) is p; = 1.204 kg/m®. The enthalpy of vaporization of water at 100°C is hy, = 2257 kJ/kg-K (Table A-
9).

Analysis (a) It is given that D = 0.016 m, S_. =Sy =0.05m, and V =5.2 m/s.

Then the maximum velocity and the Reynolds number T=100°C
based on the maximum velocity become V=5.2m/s S
T;=20°C
Voax = St _y-_ 005 (5.2m/s) = 7.647m/s O
S,-D  005-0.016 S <
.

me. — PVmaD _ (1.145kg/m®)(7.647 m/s)(0.016m) 1394 E— O O

P u 1.895x107° kg/m-s —
The average Nusselt number is determined using E—

the proper relation from Table 7-2 to be N O @ O
D

Nup =0.27Re3* Pro® (pr/pr, )%
=0.27(7394)%%3(0.7268)°*¢ (0.7268/0.7111)**° = 66.26

Since N, =20, which is greater than 16, the average Nusselt number and heat transfer coefficient for all the
tubes in the tube bank become

NU DYNL = NUD :66.26

Nup , k -°
ho——0N S _ 6626(0.02625WIm-°C) _, 02 \\m2 oc
D 0.016m

The total number of tubes is N = N xN; =20x10 = 200. For a unit tube length (L = 1 m), the heat transfer
surface area and the mass flow rate of air (evaluated at the inlet) are

A, = NrDL = 2007(0.016 m)(1m)=10.05 m?
m =, =p;V(N;S; L) = 1.204kg/m*)(5.2 m/s)(10)(0.05m)(1m) = 3.130kg/s
Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer become

~ (10.05m?)(108.7 W/m? -°C)
(3.130kg/s)(1007 J/kg - °C)

Te=T,-(Ts-T) exr{— r:éh J= 100~ (100~ 20) exp{

J =43.44°C
p

_ (Te-T)-(T,-T.) _ (100-20)—(100-4344)

In = = =67.6°C
In[(Ts —T;)/(T, =Te)]  In[(100—20) /(100—43.44)]

Q = hAAT,, = (108.7 W/m? .°C)(10.05m?)(67.6°C) = 73,882W
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Chapter 7 External Forced Convection

(b) For this in-line arrangement tube bank, the friction coefficient corresponding to Rep = 6806 and S./D =
5/1.6 = 3.125 is, from Fig. 7-27a, f = 0.20. Also, y = 1 for the square arrangements. Then the pressure drop
across the tube bank becomes

V2 : . 2
AP = N, fy PYmex _ 50(0.20) () 245 KIM7)(7.647m/S) IN__|_1339Pa
2 2 1kg-m/s?
(c) The rate of condensation of steam is
c . Q 73.882kW
Q = mcondhfg @100°C —> mcond = = = 003273kg/5

hyewoc 2257kikg-°C

Discussion The arithmetic mean fluid temperature is (T; + T¢)/2 = (20 + 43.4)/2 = 31.7°C, which is fairly
close to the assumed value of 35°C. Therefore, there is no need to repeat calculations.
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7-68 Water is preheated by exhaust gases in a tube bank. The rate of heat transfer, the pressure drop of
exhaust gases, and the temperature rise of water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of steam. 3 For exhaust gases, air properties are used.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of 250°C (will be checked later) and 1 atm (Table A-15):

k = 0.04104 W/m-K p = 0.6746 kg/m?
C, =1.033 kd/kg-K Pr = 0.6946
1= 2.76x10" kg/m-s Prs = Prg1s = 0.7154

Also, the density of air at the inlet temperature of 300°C (for use in the mass flow rate calculation at the
inlet) is p; = 0.6158 kg/m°.

Analysis (a) Itis given that D = 0.021 m, S| =St =0.08 m, and V = 4.5 m/s.

Then the maximum velocity and the Reynolds number T:=80°C
based on the maximum velocity become V=4.5m/s S,
T;=300°C
S . '
Vo= y—— 908 5 _6102mss O
S;-D 0.08-0.021
S
VoD (0. %)(. : N T
Rey - PVmaxD _ (0 6746k29/n; )(g iokzg/mls)(o 021m) 3132
u 76x10" m-s ( ) < )
_—>
The average Nusselt number is determined using S
the proper relation from Table 7-2 to be
0.63 0.36 0.25 O O
Nup =0.27Re> Pro="(Pr/Pry)™ D

=0.27(3132)%%%(0.6946) %% (0.6946/0.7154)°?° = 37.46

Since N =16, the average Nusselt number and heat transfer coefficient for all the tubes in the tube bank
become

Nupn, =Nup =37.46

Nu k .o
o DN 37.46(0.04104W/m-°C) 732 W/m2.°C
D 0.021m

The total number of tubes is N = N xNt = 16x8 = 128. For a unit tube length (L = 1 m), the heat transfer
surface area and the mass flow rate of air (evaluated at the inlet) are

A, = NnDL =1287(0.021m)(1m)=28.445 m?
=, =p;V(N;S; L) = (0.6158kg/m*)(4.5 m/s)(8)(008 m)(1m) = 1.773kg/s
Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer become

(8.445m?)(73.2 W/m? .°C)
(1.773kg/s)(1033J/kg - °C)

Ah
Te =T, —(Ts —Ti)exp(— é j=80—(80—300) ex;{_
m

J: 237.0°C
p

AT, = (T, -T)-(Ts-T,)  (80—300)-(80—237)
" [T, —T,) /T, —T.)] _ In[(80—300) /(80— 237)]

=186.7°C

Q = hAAT,, = (73.2W/m?.°C)(8.445m?)(186.7°C) = 115,425W

(b) For this in-line arrangement tube bank, the friction coefficient corresponding to Rep = 3132 and S./D =
8/2.1=3.81is, from Fig. 7-27a, f = 0.18. Also, y = 1 for the square arrangements. Then the pressure drop
across the tube bank becomes
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VZ ] 3 ) 2
AP:NLfXP—;alee(O.ls)(l) (0.6746kg/m")(6.102m/s) [ IN ]:36.2 Pa

2 1kg-m/s?
(c) The temperature rise of water is

0 115.425kW

. = —_ =4.6C
mwaterC p,water (6 kg/s)(4.18 k‘]/kg : C)

Q =My, C p,water AT yater > AT pater =

Discussion The arithmetic mean fluid temperature is (T; + T¢)/2 = (300 + 237)/2 = 269°C, which is
sufficiently close to the assumed value of 250°C. Therefore, there is no need to repeat calculations.
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7-69 Water is heated by a bundle of resistance heater rods. The number of tube rows is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the rods is constant.

Properties The properties of water at the mean temperature of (15°C +65°C)/2=40°C are (Table A-9):

k=0.631 W/m-K p =992.1 kg/m®
C, =4.179 kJ/kg-K Pr=4.32
1= 0.653%x10"° kg/m-s Pre=Prgs = 1.96

Also, the density of water at the inlet temperature of 15°C (for use in the mass flow rate calculation at the
inlet) is p; =999.1 kg/m®.

Analysis It is given that D =0.01 m, S| =0.04 mand Sy =0.03 m, and VV = 0.8 m/s.
Then the maximum velocity and the Reynolds number T.290°C
based on the maximum velocity become =

Viax = — =V =—1 (0.8m/s) =1.20m/s T.=15°C
S;-D  0.03-0.01 O
PVimaxD  (992.1kg/m?)(1.20 m/s)(0.01m) > S
Re = = = :18,232
0.653x107° kg/m -s > O O
—>

The average Nusselt number is determined using
the proper relation from Table 7-2 to be >

Nup = 0.27Re %5 pro3¢ (pr/pr, )02 SN O @ :
=0.27(18,232)%%(4.32)°% (4.32/1.96)*%° = 269.3 D

Assuming that N_ > 16, the average Nusselt number and heat transfer coefficient for all the tubes in the tube
bank become

NU DYNL = NUD = 269.3

he Nup K 269.3(0.631W/m-°C)
D 0.01m

Consider one-row of tubes in the transpose direction (normal to flow), and thus take N; =1. Then the heat
transfer surface area becomes

A, =Ny DL = (1x N| )7(0.01m)(4m) =0.1257N,

=16,994W/m? .°C

Then the log mean temperature difference, and the expression for the rate of heat transfer become

_ (Ts _Ti)_(Ts _Te) _ (90_15)_(90_65) _

n = = = 4551°C
In[(T, —T;) (T, = T,)]  In[(90—15) /(90— 65)]

Q = hAAT,, = (16,994W/m? .°C)(0.1257N | )(45.51°C) = 97,220N

The mass flow rate of water through a cross-section corresponding to Nt =1 and the rate of heat transfer are
m=pAV = (999.1kg/m>)(4x0.03m?)(0.8 m/s) = 95.91kg/s
Q=mC, (T, —T;) = (95.91kg/s)(4179 J/kg.C) (65— 15)°C = 2.004x107 W

Substituting this result into the heat transfer expression above we find th e number of tube rows
Q=hAAT,, — 2.004x10" W=97220N, — N =206
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7-70 Air is cooled by an evaporating refrigerator. The refrigeration capacity and the pressure drop across
the tube bank are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of refrigerant.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of -5°C (will be checked later) and 1 atm (Table A-15):

k = 0.02326 W/m-K p = 1.316 kg/m®
C, =1.006 ki/kg-K Pr=0.7375
1= 1.705x10° kg/m-s Pr = Prg 1, = 0.7408

Also, the density of air at the inlet temperature of 0°C (for use in the mass flow rate calculation at the inlet)
is pi = 1.292 kg/m®.

Analysis It is given that D = 0.008 m, S_ =S;=0.015m, and V =4 m/s.
Then the maximum velocity and the Reynolds number T.=-20°C
based on the maximum velocity become

V=4 m/s S.
Vige=—T—v=— 0015 (g _g571mss T=0°C O
S;-D 0.015-0.008
3 S
> T
Rey = PVimaxD _ (1.316kg/m )(8.511m/s)(0.008m) _5004
M 1.705x10°° kg/m -s O O
—
The average Nusselt number is determined usin
g g S

the proper relation from Table 7-2 to be
Nup = 0.27Re2% Pro% (Pr/pr,)0% — O @ 5 O
=0.27(5294)%%%(0.7375)%%(0.7375/0.7408)>?° =53.61

Since N, > 16. the average Nusselt number and heat transfer coefficient for all the tubes in the tube bank
become

NU DyNL = FNUD :53.61

h_ Now K _ 5361(0.02326W/m-°C)
D 0.008m

=155.8 W/m? -°C

The total number of tubes is N = N, xNt = 30x15 = 450. The heat transfer surface area and the mass flow
rate of air (evaluated at the inlet) are

A, = NrDL = 3007(0.008m)(0.4m) = 4.524 m?
m =y = pV(N; Sy L) = (1.292 kg/m®)(4 m/s)(15)(Q015m)(0.4m) = 0.4651Kg/s

Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer
(refrigeration capacity) become

=-15.57°C

) (0.4651kg/s)(1006 J/kg - °C)

Ash . ?)(155. 2.0
I-T.-(, _Ti)exr{_ A j:—ZO—(—ZO—O)eXp[— (4.524m?)(155.8 W/m C)J
m

(T -T) -, ~Te) _ (-20-0)—[-20—(-1557)]

AT, = =10.33°C
In[(T, =T;) /(T =T,)]  In[(-20-0) /(—20+15.57)]

Q = hAAT,, = (155.8 W/m? -°C)(4.524m?)(10.33°C) = 7285W
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For this square in-line tube bank, the friction coefficient corresponding to Rep = 5294 and S./D = 1.5/0.8 =
1.875 is, from Fig. 7-27a, f = 0.27. Also, y = 1 for the square arrangements. Then the pressure drop across
the tube bank becomes

2 3 2
AP N,y pvénax _ 30(0.27)) L:318kgm*)(@.571mis) ( 1IN

5 1kg.m/szj:391'6 Pa

Discussion The arithmetic mean fluid temperature is (T; + T¢)/2 = (0 -15.6)/2 = -7.8°C, which is fairly close
to the assumed value of -5°C. Therefore, there is no need to repeat calculations.
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7-71 Air is cooled by an evaporating refrigerator. The refrigeration capacity and the pressure drop across
the tube bank are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is equal to the
temperature of refrigerant.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of -5°C (will be checked later) and 1 atm (Table A-15):

k = 0.02326 W/m-K p = 1.316 kg/m®
C, =1.006 ki/kg-K Pr=0.7375
1= 1.705x10° kg/m-s Pr = Prg 1, = 0.7408

Also, the density of air at the inlet temperature of 0°C (for use in the mass flow rate calculation at the inlet)
is pi = 1.292 kg/m®.

Analysis It is given that D = 0.008 m, S_ =S;=0.015m, and V =4 m/s. S. T.=-20°C
Then the maximum velocity and the Reynolds number

based on the maximum velocity become V=4 m/s i% %I

S 0.015 Ti=0°C

Viaxy = =———V = ' (4m/s) =8.571m/s

S;-D  0.015-0.008 - S O

.
me — PVmaD _ (1316 kg/m®)(8.571m/s)(0.008m) _t004 — > O
P u 1.705x1075 kg/m - _
The average Nusselt number is determined using — @
the proper relation from Table 7-2 to be —_— O D O
Nup = 0.35(St /S, )%* Re3? Pro (Pr/pr,) 0% :
=0.35(0.015/0.015)%2(5294)%% (0.7375) %% (0.7375/0.7408)*?° = 53.73

Since N, > 16. the average Nusselt number and heat transfer coefficient for all the tubes in the tube bank
become

NU DyNL = FNU D = 53.73
b Non K _ 5373(0.02326W/m-°C)
D 0.008m

The total number of tubes is N = N, xNt = 30x15 = 450. The heat transfer surface area and the mass flow
rate of air (evaluated at the inlet) are

=156.2 W/m? .°C

A, = NrDL = 3007(0.008m)(0.4m) = 4.524 m?

m =y = pV(N; Sy L) = (1.292 kg/m®)(4 m/s)(15)(Q015m)(0.4m) = 0.4651Kg/s

Then the fluid exit temperature, the log mean temperature difference, and the rate of heat transfer
(refrigeration capacity) become

=-15.58°C

) (0.4651kg/s)(1006 J/kg - °C)

Ah 524m2)(156.2 W/m? -
I-T.-(, _Ti)exr{_ A j:—ZO—(—ZO—O)eXp[— (4.524m?)(156.2 W/m C)J
m

(T -T)) - (T -Te) _ (-20-0)—[-20-(-1558)]

AT, = =10.32°C
In[(T, -T;)/(T, —=Te)]  In[(~20-0) /(~20+15.58)]

Q = hAAT,, = (156.2 W/m? -°C)(4.524m?)(10.32°C) = 7294 W
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For this staggered arrangement tube bank, the friction coefficient corresponding to Rep = 5294 and S, /D =
1.5/0.8 = 1.875 is, from Fig. 7-27b, f = 0.44. Also, x =1 for the square arrangements. Then the pressure
drop across the tube bank becomes

2 3 2
PN, Ty pV;aX _ 30(0.44)) L3186k *)(@.571mis) [ 1IN

> 1kg-m/52j:638'2 Pa

Discussion The arithmetic mean fluid temperature is (T; + T¢)/2 = (0 -15.6)/2 = -7.8°C, which is fairly close
to the assumed value of -5°C. Therefore, there is no need to repeat calculations.

7-72 Air is heated by hot tubes in a tube bank. The average heat transfer coefficient is to be determined.
Assumptions 1 Steady operating conditions exist. 2 The surface temperature of the tubes is constant.

Properties The exit temperature of air, and thus the mean temperature, is not known. We evaluate the air
properties at the assumed mean temperature of 70°C and 1 atm (Table A-15):

k = 0.02881 W/m-K p = 1.028 kg/m®
C, =1.007 ki/kg-K Pr=0.7177
1= 2.052x10° kg/m-s Pr, = Prg s = 0.7041

Also, the density of air at the inlet temperature of 40°C (for use in the mass flow rate calculation at the
inlet) is p; = 1.127 kg/m®.

Analysis Itis giventhat D =0.02m, S, =Sy =0.06 m, and V =7 m/s.

Then the maximum velocity and the Reynolds number T.=140°C
based on the maximum velocity become S
o V=7 m/s S \1

Vipax = ———V = 0.06 (7 m/s) =10.50 m/s Ti=40°C

S;-D 0.06-0.02

PViaD  (1.028kg/m®)(10.50 m/s)(0.02m) St
Rep = —max— _ - . : =10,524

P u 2.052x107° kg/m -s > O O
The average Nusselt number is determined using
_—>

the proper relation from Table 7-2 to be
Nup = 0.27Re %% Pro3 (pr/pr, )02 — O @ O
D
=0.27(10,524)%%%(0.7177)%%(0.7177/0.7041)°%° = 82.33

Since N, > 16, the average Nusselt number and heat transfer coefficient for all the tubes in the tube bank
become

b Mo K _ 82.33(0.02881W/m-°C)
D 0.02m

=118.6W/m? .°C
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