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*5-36 A blackened plate is exposed to the sun so that a constant heat flux of 800
W/m2 is absorbed. The back side of the plate is insulated so that all the energy
absorbed is dissipated to an airstream that blows across the plate at conditions of 25°
C, 1 atm, and 3 m/s. The plate is 25 cm square. Estimate the average temperature of
the plate. What is the plate temperature at the trailing edge?

Evaluate properties at 350 K v=2076x10"°  k=0.03003
Pr = 0.697 ) LT
20.76 x107°
R L/k (800)(0.25)/0.03003
T —T.= Iw = = 58.16°C
¥ 0.6795Re; "2 Pr'’3  (36,127)2(0.697)/3(0.6795)
T, =25+58.16 =83.16°C Average wall temperature
at x=25cm
k 0.
h="20453Re, V2 pr3 = 993003 4 53)36,127) 20,6973 = 9.17 WV
x 0.25 m? -°C

or Nu, =76.34
T T = 9w* _ (800)(0.25)
w o T =
kNu, (0.03003)(76.34)
T, =87.24 +25=112.24°C Temperature at the training edge

= 87.24°C

5-74 Water flows in a 2.5-cm-diameter pipe so that the Reynolds number based on
diameter is 1500 (laminar flow is assumed).The average bulk temperature is 35°C.
Calculate the maximum water velocity in the tube. (Recall that um =0.510.) What
would the heat transfer coefficient be for such a system if the tube wall was subjected
to a constant heat flux and the velocity and temperature profiles were completely
developed? Evaluate properties at bulk temperature.

hD
Nup = — = 4.364
k
h=43645"
= 4, % —
d
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d
Re = 1500 = p“: T=35C  d=0025m
p =993 kg/m> p=724x1074 k =0.627

(1500)(7.24 x 10~
u, = = 0.
m (993)(0.025) Dl mjses
ug = 2u,, =0.0875 m/sec
4.3 .
(4.364)(0627) _\ o, 2w
0.025 m2 .°C

h=

5-81 Glycerin at 30°C flows past a 30-cm-square flat plate at a velocity of 1.5 m/s.
The drag force is measured as 8.9 N (both sides of the plate). Calculate the heat-

transfer coefficient for such a flow system.

T,=30°C=303 K p=1258 L=03m cp = 2445
U, =1.5 mfsec Pr = 5380 D=89N =1,A (both sides)
8.9 :
T, = > =49.44 N/m? o =_(_m=0_0349
2(0.3) (1258)(1.5)
C
StPr2/3 = Tf st =203 5380213 _ 5689 x 10~
7 = (5.680 x 1075)(1258)(1.5)(2445) = 262 —p =
m .

6-5 Water flows in a duct having a cross section 5 X 10 mm with a mean bulk
temperature of 20°C. If the duct wall temperature is constant at 60°C and fully
developed laminar flow is experienced, calculate the heat transfer per unit length.
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Rectangular duci: a//'b,)_

Jiab 2ab

da+bh) ™ a+h

I'-".'.' =

Nup = hTD = 3.66 for laminar flow in pipes

_ (@)(5)(10)

DH -—T:ﬁ.%? mm k=06 NUT =366
(3.66 )(0.6)

h= -
6.667 x 10> ——

ii. =(329.1)(30 x107?)(60 — 20) = 394.9 W/m

6-6 Water at the rate of 3 kg/s is heated from 5 to 15°C by passing it through a 5-cm-
ID copper tube. The tube wall temperature is maintained at 90°C. What is the length
of the tube?

q = mcy (Tpz — Tp1)

Red = Ptmd
_m _ _m
Unp = pA - p(7’4i2)
(2%

Red = (: )

4md
Red = und?

4am
Red = E
Nup = 0.023Re}8Pr™ 0.6 < Pr < 100 5.72

N=0.4 for heating

q=(3)(4175)(15-5)=125,850 W at 10°C p=131x10"3

k=0.585 Pr =9.40 Re (0.05)(3)(4) _
7(0.052(1.31x1073)

58,316

il
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—  0.585 Y o g

h = (o 023)(58,316)%8(9.4)04 — 4283 w
0.05 2 .o

q =125,850 = (4283)7(0.05)L(90 — 10) L =2.338m

6-7 Water at the rate of 0.8 kg/s is heated from 35 to 40°C in a 2.5-cm-diameter tube

whose surface is at 90°C. How long must the tube be to accomplish this heating?

Nuj = 0.023Re38Pr™ 0.6 < Pr < 100 5.72

N=0.4 for heating

q = mc, (Ty2 — Tp1)

q=(0.8)(4221)(40 - 35) = 16,884 W U=6.82x10"% p =993
k=063  Pr=453 Re=_—_0029084) _ ..
m(0.025)%(6.82x107~%)
, < (0.023)(0.63) 0.8 04 '
= (59,741)*%(4.53)%4 = 7024
0.025 m?-°C
9=16,884 = (7024)r(0.025)L(90-37.5) L =0583m

*6-8 Water flows through a 2.5-cm-ID pipe 1.5 m long at a rate of 1.0 kg/s. The
pressure drop is 7 kPa through the 1.5-m length. The pipe wall temperature is
maintained at a constant temperature of 50°C by a condensing vapor, and the inlet

water temperature is 20°C. Estimate the exit water temperature.

um:ﬂ: = R )=2.04m/s

A md? (0.025)2
)

L u?
=I5

(2.04)* 04)
7000 = fm (998) ~——
f =0.0562
50420
Tf = =135°C at 20°C p =998
c=4180 at 35°C Pr =545
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2
: f
3L
_2
fpPr, 3
Stb = f
8
5 5.45 =
0.0562)(5.45) 3
p = ( 23( ) 52684107
Nup
Sty = RepPr
Nup = St, * RepPr
_ % __ pumd
Red = —”
Pr = %
_ pumd Cpk
Nup = St * p
NuD - f:c—d
pu d Cp.u
Nupk Sto*—— Tk
= P = d = Stbumpcp
- _3 y w
h =(2.268 x107")(998)(4180)(2.04) = 19,297 m
Ty, + T
q = hnDL (TW — %) = 1c, (Tyz — Tpy)

g = (19297)(1)(0.025)(1.5) (50 - @) — (1)(4180)(T}, — 20)

Ty, = 32.83°C

6-9 Water at the rate of 1.3 kg/s is to be heated from 60°F to 100°F in a 2.5-cm-
diameter tube. The tube wall is maintained at a constant temperature of 40-C.
Calculate the length of tube required for the heating process.
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6-10 Water at the rate of 1 kg/s is forced through a tube with a 2.5-cm ID. The inlet
water temperature is 15°C, and the outlet water temperature is 50°C. The tube wall

temperature is 14°C higher than the water temperature all along the length of the tube.
What is the length of the tube?

6-11 Engine oil enters a 1.25-cm-diameter tube 3 m long at a temperature of 38°C.
The tube wall temperature is maintained at 65°C, and the flow velocity is 30 cm/s.
Estimate the total heat transfer to the oil and the exit temperature of the oil.

6-12 Air at 1 atm and 15°C flows through a long rectangular duct 7.5 cm by 15 cm. A
1.8-m section of the duct is maintained at 120°C, and the average air temperature at

exit from this section is 65°C. Calculate the airflow rate and the total heat transfer.

7.5%x15cm E=18m air at 1 atm
T, =120°C 1y, (inlet) =15°C T, (exit) =25°C

Rectanpular duct: %/‘_

4ah 2ab

T ath

_ (4)(0.075)(0.15) _
(2)(0.075+0.15)

I'-'l.'.' =

2a+ b

0.1 m A, =(0.075)(0.15)=0.01125 m?

T—b:Tm‘;sz
— 15425
Tb=T=20°C=293K

Surface area= A = 2(0.15+ 0.075)(1.8) = 0.81 m?

¢, =1005  Pr=0.7 L=183x10" k=0.026
q=rc,(T,, — T, )=hAT,, - Tp)

0.8
—  k mD
h=—-(0.023)(~—”) pro4 Assuming turbulent
Dy A :
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= (0 023) (mDH)O'8 pr04

Tp1+T .
q=MNm—l%ﬂ%wmw%—na

(2 0.023) (Z22)"™ pros) () (7, = 2522) = sy (Ty = Ty

0.026 (11)0.1 08 15 + 25
( 01 (002 ((0.01125)(1.83 * 10-5)> 704) (081) (120 2 )

= m(1005)(25 — 15)
m=0.141 kg/s
q =(0.141)(1005)(25-15)=1417 W
Re py = 68,500 so turbulent assumption was correct.

6-14 Water at an average temperature of 300 K flows at 0.7 kg/s in a 2.5-cm-diameter
tube 6 m long. The pressure drop is measured as 2 kPa. A constant heat flux is

imposed, and the average wall temperature is 55°C. Estimate the exit temperature of
the water.

6-15 An oil with Pr =1960, ©=860 kg/m’, »=1.6%10"* m?*4s, and k =0.14W/m- °C
enters a 2.5-mm-diameter tube 60 cm long. The oil entrance temperature is 20°C, the
mean flow velocity is 30 cm/s, and the tube wall temperature is 120°C. Calculate the
heat-transfer rate.

6-18 Water at an average temperature of 10°C flows in a 2.5-cm-diameter tube 6 m
long at a rate of 0.4 kg/s. The pressure drop is measured as 3 kPa. A constant heat flux
is imposed, and the average wall temperature is 50°C. Estimate the exit temperatureof
the water.

6-19 Water at the rate of 0.4 kg/s is to be cooled from 71 to 32°C. Which would result
in less pressure drop—to run the water through a 12.5-mm-diameter pipe at a constant
temperature of 4°C or through a constant-temperature 25-mm-diameter pipe at 20°C?

6-24 An air-conditioning duct has a cross section of 45 cm by 90 cm. Air flows in the
duct at a velocity of 7.5 m/s at conditions of 1 atm and 300 K. Calculate the heat-
transfer coefficient for this system and the pressure drop per unit length.

Rectangular duct: E/’b/_
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At300K and 1 atm. v=15.69x107° p=1.1774
_ (4)(45)(90)

Pr=0.708 H = 2)(@5+90) 60cm=0.6 m
__umDp

Rep, = ”

Re = (0'6)(7'516 =2.87x10°
15.69 %10

Nup = 0.023Rep®Pr™ 0.6 < Pr < 100

n = 0.4 heating

h = 0.023Re§®Pro* « (-°)
h

~0.02624

n (0.023)(2.87 x 10°)°3(0.708)%4

8%20.35%—22

2
—_ 0.02624 o
f= (2.87%105)(0.708) (0.708)s

f=0.0145
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L um2

APZfEP

1 ](1.1774)(7.5)2 ey

Ap = (0.0145
p = )(0.6 2

*Flow cross cylinder and sphere

6-38 A 5-cm-diameter cylinder maintained at 100°C is placed in a nitrogen flow
stream at 2 atm pressure and 10°C. The nitrogen flows across the cylinder with a
velocity of 5 m/s. Calculate the heat lost by the cylinder per meter of length.

Ty = -
T, = 10410 . 5800 =308 K ©=19x107 k = 0.0282
Pr=0.7
p (2)(1.0132+10%) 3

=—= = 2. kg/m

P = gr (287)(328) 08 kg/
»D  (2.08)(5)(0.05
Re, = 21~ _ ( 19)£ 1)0(_6 ) _ 27377

From table 5.1
C=0.193 n=0.618
Nup, = Z—l; = <u:;D> Prfg ( flow of gas)

- %CRe" prl/3 = -{’Tmoi—z(0.193)(27,377)0-6‘3(0.7)” 32534

% = hid(T,, - T..) = (53.4)1(0.05)(100 — 10) = 755 W/m
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6-39 Air at 1 atm and 10-C blows across a 4-cm-diameter cylinder maintained at a
surface temperature of 54-C. The air velocity is 25 m/s. Calculate the heat loss from
the cylinder per unit length.

6-54 Calculate the heat-transfer rate per unit length for flow over a 0.025-mm-
diameter cylinder maintained at 65°C. Perform the calculation for (a) air at 20°C and
1 atm and (b) water at 20°C; uoe =6 m/s.

6-64 Air flows across a 4-cm-square cylinder at a velocity of 12 m/s. The surface
temperature is maintained at 85°C. Free-stream air conditions are 20°C and 0.6 atm.
Calculate the heat loss from the cylinder per meter of length.

6-65 Water flows over a 3-mm-diameter sphere at 5 m/s. The free-stream temperature
is 38°C, and the sphere is maintained at 93°C. Calculate the heat-transfer rate.

6-67 A spherical tank having a diameter of 4.0 m is maintained at a surface
temperature of 40°C. Air at 1 atm and 20°C blows across the tank at 6 m/s. Calculate
the heat loss.

6-73 Air at 1 atm and 300 K flows across an in-line tube bank having 10 vertical and
10 horizontal rows. The tube diameter is 2 cm and the center-to-center spacing is 4 cm
in both the normal and parallel directions. Calculate the convection heattransfer
coefficient for this situation if the entering free-stream velocity is 10 m/s and
properties may be evaluated at free-stream conditions.

6-75 Condensing steam at 150°C is used on the inside of a bank of tubes to heat a
cross flow stream of CO2 that enters at 3 atm, 35°C, and 5 m/s. The tube bank
consists

of 100 tubes of 1.25-cm OD in a square in-line array with Sn =Sp =1.875 cm. The
tubes are 60 cm long. Assuming the outside-tube-wall temperature is constant at 150°
C, calculate the overall heat transfer to the CO2 and its exit temperature.

6-71 Air at 3.5 MPa and 38°C flows across a tube bank consisting of 400 tubes of
1.25-cm OD arranged in a staggered manner 20 rows high; Sp =3.75 cm and Sn =2.5
cm. The incoming-flow velocity is 9 m/s, and the tube-wall temperatures are
maintained constant at 200°C by a condensing vapor on the inside of the tubes. The

length of the tubes is 1.5 m. Estimate the exit air temperature as it leaves the tube
bank.

At 38°C
_ P
P = &1
3.5%10°
= =39. 3
281G 2 kg/m
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_ Tyw+Two
Tf ==

200 + 38
Tf =———=119°C=392 K

2
3.5x10°
=———_ =311 ke/m>
I = 287(92) 8/m
Hp=225x10  k;=0.0331 Pr; =0.69
¢, =1010 :
5 kg-°C

1 1

{[(57)2 * Sfar - d} %2 = {[(22—5)2 + 3.752]E - 1.25} +2 = 5.405

(S, —d) =2.5—1.25 = 1.25

Because
1

“(57")2 + Sgr _ d} «2> (S, —d)

Therefore:

Umax = Uwo [ﬁ]

S 2.5
= U L =9(—————}:
Umax [Sn-d] 25-1.25 18 m/sec
S, S

d
PUmaxd
Re = —
max Mf
(31.1)(18)(0.0125
Renay =22 2(5 :(10__5 )-31,000  C=0488 n=0562
hD .
Nqu = k_f = C(Remax)nPr;

1

d 1
h = Py C(Remax)"Pr;
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0.331
0.0125

(0.488)(311,000)°92(0.69)!/3 = 1395

Too 1+Teo .
q = hA (T, — 22722) = 1irc, (Too; — T1)
A = NnmdL = 400 *m * 0.0125 * 1.5 = 23.56 m

1M = Poolen Sy (20)L = 39.2 % 9 % 0.025 * 20 * 1.5 = 264.7 kgs

hA (Tw _ W) = me (Too,2 - Too,l)
BEe) = (264.7)(1010) (T, , — 38)

Q = (1395)(23.56) (200 —

1, =56.76°C q=5.016 MW
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