10-5

10-20 A double-pane window consists of two layers of glass separated by a stagnant air space. For
specified indoors and outdoors temperatures, the rate of heat loss through the window and the inner surface

temperature of the window are to be determined.

Assumptions 1 Heat transfer through the window is steady
since the indoor and outdoor temperatures remain constant at
the specified values. 2 Heat transfer is one-dimensional since
any significant temperature gradients will exist in the direction
from the indoors to the outdoors. 3 Thermal conductivities of
the glass and air are constant. 4 Heat transfer by radiation is
negligible.

Properties The thermal conductivity of the glass and air are
given to be Kgjass = 0.78 W/m-°C and kg, = 0.026 W/m-°C.

Air

Analysis The area of the window and the

individual resistances are R, | Ry
A=(1.2m)x(2m)=2.4m? T AWM
R =R = 1 5 ! 5= 0.0417°C/W
T A (L0W/m*S.°C)(2.4m7)
Ry = Ry = Rypes = L = 0003m _____ 9.0016°c/w
kA (0.78W/m.°C)(2.4 m*)
2 = Rair = i = 0.012m 5= 0.1923°C/W
k,A (0.026 W/m.°C)(2.4m*?)
1 1
R, =R =—-= =0.0167 °C/W
o M2 T A (25 WIm2°C)(2.4 m?)
Riotal = Reonv.1 + 2Ry + Ry + Ry 2 = 0.0417 +2(0.0016) +0.1923+ 0.0167
=0.2539 °C/W
The steady rate of heat transfer through window
glass then becomes
. T, -T —(-95)P

Row  0.2539°C/W

The inner surface temperature of the window glass can be determined from

Q _ Tool _Tl

Rconv,l

— T, =T, —~QRggny1 = 24°C— (114 W)(0.0417°C/W) = 19.2°C

Ro
W T
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10-35 Two of the walls of a house have no windows while the other two walls have single- or double-pane
windows. The average rate of heat transfer through each wall, and the amount of money this household
will save per heating season by converting the single pane windows to double pane windows are to be
determined.

Assumptions 1 Heat transfer through the window is steady since the indoor and outdoor temperatures
remain constant at the specified values. 2 Heat transfer is one-dimensional since any significant
temperature gradients will exist in the direction from the indoors to the outdoors. 3 Thermal conductivities
of the glass and air are constant. 4 Heat transfer by radiation is disregarded.

Properties The thermal conductivities are given to be k = 0.026 W/m-°C for air, and 0.78 W/m-°C for glass.

Analysis The rate of heat transfer through each wall can be determined by applying thermal resistance
network. The convection resistances at the inner and outer surfaces are common in all cases.

Walls without windows:
R, =— - ! — =0.003571°C/W
hiA  (7W/m?.°C)(10x4 m?) L

_Lyar _R-value 2.31m?.-°C/W
kA A (10x4m?)
1 1

h,A (18 W/m?.°C)(10x4m?)
Riotal = Ri + Ryail + Ry = 0.003571+0.05775+0.001389 = 0.06271°C/W

Wall

R =0.05775°C/W

v
QO.

=0.001389°C/W

Ta—Teo _ (24—80)C oms W
Row  0.06271°C/W R R R,

Wall with single pane windows: ‘/VWWW"WVWV\&_/VWVW\F

1 _— = 0.001786°C/W
hA~ (7Wim? -°C)(20x4m?)

L _ . 2.0 R
R, = wan _R-value  231m°-°C/W  _ 4 ja5595 00y Y

wall = A A (20x4)-5(2x1.8)m’

L
R Lges 0.005m — 0.002968 °C/W

9T KA (0.78W/M2-°C)(L.2x1.8)m?
1 1 1 1 1

= 5 = +5 -
R Rgss  0.033382  0.002968

Then Q=

Ry, = 0.000583 °C/W

eqv

R

wall

1 1
R, = = 2 2
hyA (18 W/mZ.°C)(20x4m?)
Ruat = R + Requ + Ry = 0.001786 +0.000583 + 0.000694 = 0.003063 °C/W

eqv

= 0.000694 °C/W

Then
Ta-T.  (24-8)°C

_ =5224W
Rgw  0.003063°C/W

Q=
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4th wall with double pane windows:

Rglass Rair Rglass

3 Ry
L - 31m?.°
Ry = vt - Rovalte _ 23Im SO _ g ggg355ecw
kA A (20x 4) -5(1.2x1.8)m
Ly 0.005m .
Rojass =— = > - =0.002968°C/W
kKA (0.78W/m?-°C)(1.2x1.8)m
Lai .
= - 0015m — 0.267094°C/W

Rair A 20 2
KA (0.026 W/m2.°C)(1.2x1.8)m

Ruindow = 2Rgass + Rair = 2x0.002968 +0.267094 = 0.27303 °C/W
1t s 1t 1 g5 1 Reqv = 0.020717 °C/W
Rev  Rual  Ruindow 0.033382  0.27303

Ryl = Ri + Reqy + Ro = 0.001786 +0.020717 +0.000694 = 0.023197 °C/W

Toa-T.,  (24-8)°C

= =690 W
Rgw  0.023197°C/W

Then Q=

The rate of heat transfer which will be saved if the single pane windows are converted to double pane
windows is

Qsave = Qsingle _Qdouble =5224-690 = 4534 W

pane pane

The amount of energy and money saved during a 7-month long heating season by switching from single
pane to double pane windows become

Quave = Quae At = (4.534 KW)(7 x30x 24 h) = 22,851kWh
Money savings = (Energy saved)(Unit cost of energy) = (22,851 kWh)($0.08/kwh) = $1828
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10-49 A thin copper plate is sandwiched between two epoxy boards. The error involved in the total
thermal resistance of the plate if the thermal contact conductances are ignored is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Heat transfer is one-dimensional since the plate is
large. 3 Thermal conductivities are constant.

Properties The thermal conductivities are given to be k = 386 W/m-°C for copper plates and k = 0.26

W/m-°C for epoxy boards. The contact conductance at the interface of copper-epoxy layers is given to be
h. = 6000 W/m?*°C.

Analysis The thermal resistances of different

’ 5 Copper
layers for unit surface area of 1 m* are plate
Epox Epox
Reontact = L = 1- N 0.00017 °C/W Poxy | POXy
h.A. (6000 W/m? -°C)(1m*) i
A 0.001m = 26x107° “C/W
KA (386 W/m-°C)(1m*)
L 0.005m -Q
R =— = =0.01923°C/W
P KA (0.26 W/m-°C)(1m?) Smm| | 5mm
The total thermal resistance is
Rtotal = 2Rcontact + Rplate + 2Repoxy
=2x0.00017 + 2.6 x107® + 2x0.01923 = 0.03880 °C/W
Then the percent error involved in the total thermal
resistance of the plate if the thermal contact
resistances are ignored is determined to be Repoxy Rplate Repoxy T
T 2
2R - AWM~
%Error = Seonact g0 - 2X0.00017 165 4 ggos
Riotal 0.03880
Rcontact Rcontact

which is negligible.

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




10-29

10-54 A wall consists of horizontal bricks separated by plaster layers. There are also plaster layers on each
side of the wall, and a rigid foam on the inner side of the wall. The rate of heat transfer through the wall is

to be determined.

Assumptions 1 Heat transfer is steady since there is no indication of change with time. 2 Heat transfer
through the wall is one-dimensional. 3 Thermal conductivities are constant. 4 Heat transfer by radiation is

disregarded.

Properties The thermal conductivities are given to be k = 0.72 W/m-°C for bricks, k = 0.22 W/m-°C for

plaster layers, and k = 0.026 W/m-°C for the rigid foam.

Analysis We consider 1 m deep and 0.33 m high portion of wall which is representative of the entire wall.

The thermal resistance network and individual resistances are

R;
Ri Rl RZ R4 RG R7
T1 — NN\ NV —ANN — Rs [ VV\—" VN — T2

Ry = Rogpyy = —— = _— — =0.303°C/W
T A (10 W/m?.°C)(0.33x1m?)
Ri = Rtoam :L = 0.02m o= 2.33°C/W
kA (0.026 W/m-°C)(0.33x1m?)
L 0.02m
Ry =Rg =Rpjagter =—— = ——=0275°C/W
side kA (0.22 W/m-°C)(0.33x1m?)
Ry = Rs = R pager = = 0.18m ——=54.55°C/W
center  NoA  (0.22 W/m-°C)(0.015x1m?)
Ry =Ry = — = 0.18m ——=0.833°C/W
KA (0.72 W/m-°C)(0.30x1m*)
Ro = Reonv 2 = ! ! —=0.152°C/W
“ hyA (20 W/m-°C)(0.33x1m?)
1 1 1 1 1 1 1 VR, = 0.81°CIW

— = + +
Ryg Rs R, Ry 5455 0.833 5455

Rew = Ri + Ry +2R, + Ry + R, =0.303+2.33+2(0.275) +0.81+0.152 = 4.145 °C/W

The steady rate of heat transfer through the wall per 0.33 m? is

a-Tao _[(22-(4)C
4.145°C/W

=6.27W

. T
Q=

Rtotal
Then steady rate of heat transfer through the entire wall becomes

(4x6)m?

033m? 456w

Quotal = (627 W)
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10-59 A composite wall consists of several horizontal and vertical layers. The left and right surfaces of the
wall are maintained at uniform temperatures. The rate of heat transfer through the wall, the interface
temperatures, and the temperature drop across the section F are to be determined.

Assumptions 1 Heat transfer is steady since there is no indication of change with time. 2 Heat transfer
through the wall is one-dimensional. 3 Thermal conductivities are constant. 4 Thermal contact resistances
at the interfaces are disregarded.

Properties The thermal conductivities are given to be ka = kg = 2, kg = 8, ke = 20, kp = 15, kg = 35 W/m-°C.
Analysis (3) The representative surface area is A=0.12x1=0.12m?. The thermal resistance network and
the individual thermal resistances are

R,
Ry = Rs Ry
3
T —AAA— N A
Rs Re

0.01m

R, =R, :[_j - —=0.04°C/W
kA),  (2Wim-°C)(0.12m?)

R, =R, =Rc =(LJ - 0.05m —=006°C/W

KAJc (20 W/m-°C)(0.04 m?)

Rs = Rg :(Lj - 0OM_____g16ecw
kAJg (8 W/m-°C)(0.04m*)

Ry =Ry {LJ - L — Y
kKA)p  (15W/m-°C)(0.06 m?)

Ry =Re _(Lj . 0Im 05 °cw
kAJg  (35W/m-°C)(0.06 m*)

R, =Re :(Lj _ 0.06m ~0.25°C/W
kAJe  (2W/m-°C)(0.12m?)

1 1 1 1 1 1 1
=4+ —+—= + +
Rmazs R, Ry R, 006 016 0.06
1 1 1 1 1

+

> Rpyig 1 = 0.025°C/W

Rinig 2 = 0.034°C/W

Rmas Rs Rs 011 005

Reol =Ry + Riig1 + Ruig 2 + Ry =0.04 + 0,025+ 0.034 + 0.25 = 0.349 °C/W

o_Taa~Te _(300-200yC
Rom  0.349°C/W

Then steady rate of heat transfer through entire wall becomes
(5m)@8m)
——==

=572 W (fora0.12 m x1m section)

Qtotal =(572W) 1.91x10° W

0.12m
(b) The total thermal resistance between left surface and the point where the sections B, D, and E meet is
Riotal = Ry + Rpyig 1 =0.04 +0.025=0.065°C/W
Then the temperature at the point where the sections B, D, and E meet becomes
o T,-T

— T =T, ~QRyye =300°C — (572 W)(0.065 °C/W) = 263°C
total

(c) The temperature drop across the section F can be determined from

o ﬁ_T > AT = QR = (572 W)(0.25°C/W) = 143°C

F
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10-69 Chilled water is flowing inside a pipe. The thickness of the insulation needed to reduce the
temperature rise of water to one-fourth of the original value is to be determined.

Assumptions 1 Heat transfer is steady since there is no indication of any change with time. 2 Heat transfer
is one-dimensional since there is thermal symmetry about the centerline and no variation in the axial
direction. 3 Thermal conductivities are constant. 4 The thermal contact resistance at the interface is
negligible.

Properties The thermal conductivity is given to be k = 0.05 W/m-°C for insulation.
Analysis The rate of heat transfer without the insulation is

Qi = Mc , AT = (0.98 kg/s)(4180 J/kg - °C)(8- 7)°C = 4096 W

Insulation

The total resistance in this case is
T -T

Qo = —=—Y Water
Rtotal
—75)° L
4096 W = (30-7.9°C Riotal = 0.005493°C/W
Riotal R]_ Ro I:zins
The convection resistance on the outer surface is Toct —’WW\N\/—’WWW\/—’WW\N\/— T2
1 1

.= - . = 0.004716 °C/W
hoA, (9 W/m?-°C)7(0.05m)(150 m)

The rest of thermal resistances are due to convection resistance on the inner surface and the resistance of
the pipe and it is determined from

R; = Ryt — R, =0.005493-0.004716 = 0.0007769 °C/W
The rate of heat transfer with the insulation is

Qnew =mc,AT = (0.98 kg/s)(4180 J/kg - °C)(0.25°C) =1024 W
The total thermal resistance with the insulation is
:Tw -T, 1024W:[30—(7+7.25)/2)]C

Rtotal,new Rtotal,new

Qnew Riotat new = 0.02234°C/W
It is expressed by
L1 In(D, / D;)
ho Ao 271kins L
1 . In(D, /0.05)
(9 W/m? .°C)7D, (150 m)  27(0.05 W/m-°C)(150 m)

Rtotal,new =R, + Ro,new +Rjns =Ry

0.02234°C/W = 0.0007769 +

Solving this equation by trial-error or by using an equation solver such as EES, we obtain
D, =0.1265m

Then the required thickness of the insulation becomes
tis =(D, —D;)/2=(0.05-0.1265)/2=0.0382m =3.8cm
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10-71 A spherical container filled with iced water is subjected to convection and radiation heat transfer at
its outer surface. The rate of heat transfer and the amount of ice that melts per day are to be determined.
Assumptions 1 Heat transfer is steady since the specified thermal conditions at the boundaries do not
change with time. 2 Heat transfer is one-dimensional since there is thermal symmetry about the midpoint. 3
Thermal conductivity is constant.

Properties The thermal conductivity of steel is given to be k = 15 W/m-°C. The heat of fusion of water at 1
atmis h; =333.7 ki/kg . The outer surface of the tank is black and thus its emissivity is € = 1.

Analysis (a) The inner and the outer surface areas of sphere are
A =D,% = z(8m)? = 201.06 m? A, = D,? = 7(8.03m)? = 202.57 m?
We assume the outer surface temperature T, to be 5°C after comparing convection heat transfer coefficients

at the inner and the outer surfaces of the tank. With this assumption, the radiation heat transfer coefficient
can be determined from

hrad = go'(rZz +Tsurrz)(rz +Tsurr)
=1(5.67x10"8 W/im? - K*")[(273+5K)? + (273 + 25 K) 2](273+ 25 K)(273+5 K)]

=5.424 W/m? K
The individual thermal resistances are Riag
Ri T Rl
Ro
1 1 .
Reonvi === > = 0.000062 °C/W
hiA (80 W/m?.°C)(201.06 m?)
Ry = Rpnere = f2=h _ (4.015-4.0)m =0.000005 °C/W
4zkrir,  4z(15W/m-°C)(4.015m)(4.0 m)
Reonvo = ! = 5 1 5 =0.000494 °C/W
" heA (10 W/m?2.°C)(202.57 m?)
Riag = 1 . 1 —=0.000910 °C/W
hrad A (5.424 W/m? -°C)(202.57 m?)
! = ! + ! = ! + ! Reqv =0.000320°C/W
Rev  Reonvo Rrag  0.000494 ~ 0.000910
Riotal = Reonyi + Ry + Reqy = 0.000062 +0.000005 +0.000320 = 0.000387 °C/W

Then the steady rate of heat transfer to the iced water becomes
o T T -0)°
Q — ool 02 — (25 O) C — 64,600 W
Riotal 0.000387 °C/W
(b) The total amount of heat transfer during a 24-hour period and the amount of ice that will melt during
this period are
Q = QAt = (64.600 ki/s)(24 x 3600 s) = 5.581x10° kJ

6
mo = Q _SSBLXOT Koo o
hy  333.7kkg

Check: The outer surface temperature of the tank is
Q =Neonvirad Ao Ty = Ts)
Q _o50C 64,6;)0 w -
Neonv-srad Ao (10 +5.424 W/m? -°C)(202.57 m?)

which is very close to the assumed temperature of 5°C for the outer surface temperature used in the
evaluation of the radiation heat transfer coefficient. Therefore, there is no need to repeat the calculations.

4.3°C

->T, =T, -
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10-92 An electric wire is tightly wrapped with a 1-mm thick plastic cover. The interface temperature and
the effect of doubling the thickness of the plastic cover on the interface temperature are to be determined.
Assumptions 1 Heat transfer is steady since there is no indication of any change with time. 2 Heat transfer
is one-dimensional since there is thermal symmetry about the centerline and no variation in the axial
direction. 3 Thermal properties are constant. 4 The thermal contact resistance at the interface is negligible.
5 Heat transfer coefficient accounts for the radiation effects, if any.

Properties The thermal conductivity of plastic cover is given to be k = 0.15 W/m-°C.

Analysis In steady operation, the rate of heat transfer from the wire is equal to the heat generated within the
wire,

Q=W, =VI =(8V)(13A) =104 W Roplastic Reonv
The total thermal resistance is Ty NN Toz
conv = L = 7 ! =0.3158°C/W
heA, (24 W/m?2.°C)[z(0.0042 m)(10 m)]
n(ry /) In(2.1/1.1) — 0.0686 °C/\W

plastic — 27kL - 27(0.15W/m.°C)(10 m)
Riotal = Reonv + Rplastic =0.3158+0.0686 = 0.3844 °C/W

Then the interface temperature becomes

T =T .
Q= % ——T, =T, + QR = 30°C + (104 W)(0.3844 °C/W) = 70.0°C
total
The critical radius of plastic insulation is
L M —0.00625 m = 6.25 mm
h  24W/m?2.°C

Doubling the thickness of the plastic cover will increase the outer radius of the wire to 3 mm, which is less
than the critical radius of insulation. Therefore, doubling the thickness of plastic cover will increase the
rate of heat loss and decrease the interface temperature.
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10-126 Two cast iron steam pipes are connected to each other through two 1-cm thick flanges exposed to
cold ambient air. The average outer surface temperature of the pipe, the fin efficiency, the rate of heat
transfer from the flanges, and the equivalent pipe length of the flange for heat transfer are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The temperature along the flanges (fins) varies in one
direction only (normal to the pipe). 3 The heat transfer coefficient is constant and uniform over the entire
fin surface. 4 The thermal properties of the fins are constant. 5 The heat transfer coefficient accounts for
the effect of radiation from the fins.

Properties The thermal conductivity of the cast iron is given to be k = 52 W/m-°C.
Analysis (a) We treat the flanges as fins. The individual thermal resistances are

A = 7D;L = 7(0.092 m)(6 m) =1.73m? Ri Reond R

(]
o= 0ol =0 AmIEm) =188 T AN T
T2

1 1 Ta
Ri=—"7= > —=0.0032°C/W
hi Al (180 W/m?.°C)(1.73m?)
| .
ong = f2 /1) In(5/4.6) = 0.00004 °C/W
27kL  27(52 W/m.°C)(6 m)
L : =0.0213°C/W

° hyA,  (25W/m?2.°C)(1.88m?)
Rigtal = Ri +Regng + Ry = 0.0032+0.00004 + 0.0213 = 0.0245 °C/W

The rate of heat transfer and average outer surface temperature of the pipe are

. T, -T ~12)°
QT Tz _ (200-12)°C _ -con\y
Riotal 0.0245°C
. T.-T .
Q=—2—*%__ T,=T,,+QR, =12°C+ (7673 W)(0.0213°C/W) = 175.4°C

(]

(b) The fin efficiency can be determined from (Fig. 10-43)
r, +£ O.1+—O'02
2 _ 2 _22
rn 0.05

1/2
20
g2l N :(L+£j,/£:(0.05m+0'02 mj SWIM"C 99
kA, 2 )V kt 2 (52 W/m®°C)(0.02 m)

Ay = 270(r,° —1,2) + 2715t = 272[(0.1m)? — (0.05 m) 2]+ 272(0.1m)(0.02 m) = 0.0597 m?

77ﬁn = 088

The heat transfer rate from the flanges is
innned = Min inn,max = fin "Asin (To = To0)
=0.88(25 W/m?.°C)(0.0597 m?)(175.4-12)°C = 215 W

(c) A 6-m long section of the steam pipe is losing heat at a rate of 7673 W or 7673/6 = 1279 W per m
length. Then for heat transfer purposes the flange section is equivalent to

Equivalent length = _215W =0.168m=16.8cm
1279 W/m

Therefore, the flange acts like a fin and increases the heat transfer by 16.8/2 = 8.4 times.
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10-143 A cylindrical tank filled with liquid propane at 1 atm is exposed to convection and radiation. The
time it will take for the propane to evaporate completely as a result of the heat gain from the surroundings
for the cases of no insulation and 5-cm thick glass wool insulation are to be determined.

Assumptions 1 Heat transfer is steady. 2 Heat transfer is one-dimensional. 3 The combined heat transfer
coefficient is constant and uniform over the entire surface. 4 The temperature of the thin-shelled spherical
tank is said to be nearly equal to the temperature of the propane inside, and thus thermal resistance of the
tank and the internal convection resistance are negligible.

Properties The heat of vaporization and density of liquid propane at 1 atm are given to be 425 kJ/kg and
581 kg/m®, respectively. The thermal conductivity of glass wool insulation is given to be k = 0.038
W/m-°C.

Analysis (a) If the tank is not insulated, the heat transfer rate is determined to be

Ak = DL +27(7D% 1 4) = z(1.2m)(6 m) + 27(1.2m)? / 4 = 24.88 m?
Q=hAy (T.; —T..,) = (25 W/m? °C)(24.88 m?)[30 — (—42)]°C = 44,787 W
The volume of the tank and the mass of the propane are

V=m?L=7(0.6m)?®6m)=6.786m> PO
m = pV = (581kg/m?*)(6.786 m®) = 3942.6 kg ank, -42°C
The rate of vaporization of propane is
Q =rh g > M= hi = %z/kkjls =0.1054 kg/s Rins. ends
fg g Rconv. ¢}
Then the time period for the propane tank to empty becomes Ts To
m  3942.6kg

=—=———"—=37,4135=10.4 hours
m 0.1054 kg/S Réins. sides

(b) We now repeat calculations for the case of insulated tank with 5-cm thick insulation.
A, = DL+ 27(2D? 1 4) = z(1.3m)(6 m) + 27(1.3m)? / 4 = 27.16 m?
1 1

- - =0.001473°C/W
MO hy Ay (25 WIm2.°C)(27.16 m?)
R In(r, /1y) _ In(65/60) — 0.05587 °C/W
nsulationside o L 27(0.038 W/m.°C)(6m)
R P 2x0.05m = 2.1444°CIW

insulation,ends

kAayg B (0.038 W/m.°C)[z(1.25m)? / 4]

Noting that the insulation on the side surface and the end surfaces are in parallel, the equivalent resistance
for the insulation is determined to be

-1 1
Rinsulation = S =( : ——+ 10 ) = 0.05445°C/W
Rinsulation,side Rinsulation,ends 0.05587°C/W  2.1444°C/W

Then the total thermal resistance and the heat transfer rate become
Riotal = Reonvo + Rinsutation = 0-001473+0.05445 = 0.05592 °C/W
9= T, -T, _ [30-(—42)]°C
Riotal 0.05592 °C/W
Then the time period for the propane tank to empty becomes
Q 1.288Kkl/s

) = tith g, —> =2 = Z298KIS _ 4 553031 kgls
Q= = hy  425Kikg J

3942.6 kg
0.003031kg/s

=1288 W

=" —1.301x10° s = 361.4 hours = 15.1 days
m
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10-157 A wall constructed of three layers is considered. The rate of hat transfer through the wall and
temperature drops across the plaster, brick, covering, and surface-ambient air are to be determined.

Assumptions 1 Heat transfer is steady. 2 Heat transfer is one-dimensional. 3 Thermal conductivities are
constant. 4 Heat transfer by radiation is accounted for in the heat transfer coefficient.

Properties The thermal conductivities of the plaster, brick, and covering are given to be k =0.72 W/m-°C,
k =0.36 W/m-°C, k = 1.40 W/m-°C, respectively.
Analysis The surface area of the wall and the individual resistances are

A=(6m)x(2.8m)=16.8m?
L .
Ry = Rojager = —= = 0.01m = 0.00165°C/W
kiA  (0.36 W/m.°C)(16.8 m?)
L .
Ry = Ryyiek = 2 = 0.20m N 0.01653°C/W
kA (0.72 W/m.°C)(16.8 m?)
L .
Ry = Rcovering == 0.02m N 0.00085°C/W
ksA  (1.4W/m.°C)(16.8m*?)

1 1
R =R, =t _ — 0.00350°C/W
©T ™2 T h, AT (17 Wim2.°C)(16.8m?) —_
1 FVWWV T2

Riott =Ri +Ry + Rz + Rconv,z
=0.00165+0.01653+0.00085 + 0.00350 = 0.02253 °C/W
The steady rate of heat transfer through the wall then becomes
. T, -T, 23-8)°C
6 Ti-Tez _(23-9)

= = 665.8W
Regw  0.02253°C/W

The temperature drops are
AT piaster = QR pjaster = (665.8 W)(0.00165°C/W) =1.1°C
ATprick = QRyprick = (665.8 W)(0.01653°C/W) =11.0°C
AT covering = QReovering = (665.8 W)(0.00085°C/W) = 0.6 °C
AT ony = QReony = (665.8 W)(0.00350°C/W) = 2.3°C
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10-162 A 6-m-diameter spherical tank filled with liquefied natural gas (LNG) at -160°C is exposed to
ambient air. The time for the LNG temperature to rise to -150°C is to be determined.

Assumptions 1 Heat transfer can be considered to be steady since the specified thermal conditions at the
boundaries do not change with time significantly. 2 Heat transfer is one-dimensional since there is thermal
symmetry about the midpoint. 3 Radiation is accounted for in the combined heat transfer coefficient. 3 The
combined heat transfer coefficient is constant and uniform over the entire surface. 4 The temperature of the
thin-shelled spherical tank is said to be nearly equal to the temperature of the LNG inside, and thus thermal
resistance of the tank and the internal convection resistance are negligible.

Properties The density and specific heat of LNG are given to be 425 kg/m? and 3.475 kJ/kg-°C,
respectively. The thermal conductivity of super insulation is given to be k = 0.00008 W/m-°C.

Analysis The inner and outer surface areas of the insulated tank and the volume of the LNG are

A =7D,% = z(4m)? =50.27 m?
A, = D,% = 7(4.10m)? =52.81m?
To2 LNG tank

V, =aD,* 16 =r(4m)®/6=3351m> T AN~ -160°C

The rate of heat transfer to the LNG is

Rinsulation Ro

R -2 (2.05-2.0)m ~12.13071°C/W
nsultion = Azkr,r,  47(0.00008 W/m.°C)(2.0 m)(2.05 m)
1 1

=0.00086 °C/W

°hyA  (22W/m?.°C)(52.81m?)

Retal = Ry + Rinsuiarion = 0:00086 +12.13071 = 12.13157 °C/W

Q= T2 =Ting _ [24-(-155)]°C _
Row  12.13157°C/W

We used average LNG temperature in heat transfer rate calculation. The amount of heat transfer to increase
the LNG temperature from -160°C to -150°C is

m = p¥; = (425 kg/m®)(33.51m®) =14,242 kg
Q =mc,AT = (14,242 kg)(3.475 ki/kg.°C)[(~150) — (~160)°C] = 4.95x10° kJ

Assuming that heat will be lost from the LNG at an average rate of 15.17 W, the time period for the LNG
temperature to rise to -150°C becomes

~Q_4.95x10° kJ

Q 0.01475 kW

14.75W

=3.355x10" s = 9320 h = 388 days

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




