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#8

#23

#26

#5

#9

#15

#39

#46

#58

#73

#381

#92

a) ¢ = 14.0 kW/m®

b) ¢'= 4.0 kW/m’

c) T=110°C

d) 7=60C

e) ¢'= -10.0 kW/m*, T,= -20°C

a) g= 2.0e5 W/m’
b) ¢ (L)= 10.0 kW/m’

a) g= 1.0e6 W/m’
b) a=120° C

b= 1.0X10* K/m
¢ =—1.0X105K/m?

¢ = 14.1 W/m?
k,= 1.53 W/mK

R, = 0.1854 K/W

qd=77W/m
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a) k,= 153 W/mK
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T, = 192°C




HW 4 Chapter 3:  #125 Gopy = 0.374 W
q = 1.037e5W

#134 a)

B s cosh mL+(h,, 'mk)sinh mL
I8 &

Wl IE =40 =
Had 16[hoPKAC ;) ~| sinh mL+{h, /mk )cosh mL |
b) q,= 2703w

#144 a) q,= 128W
b) ¢ = 291 kW/m

HW 5 Chapter 4: #10  q’=q/L=84 W/m

#12 T1 =25°C + 50 W/(5 W/m-K x 0.143m) = 94.9°C.

HW 6 Chapter 4: #32a

#o T+lre—f pilp. K g
47 2k, +ky) D 47 2(k, +ky)

#51la Te=162.5°C



HW 7 Chapter 5:  #5 t=1122s= 0.312h
#18 t= 8.3ls.
#22

#23 L=252m
Ei— Ef= 0.022)J

HW 8 Chapter 5: #39a 33,800 s

#49a  £=1.72(0.015m) 2 X 400 kg m3 X 1600 J kg ‘K 1.7W m K =145s .

#59 t=42s

Note that the one-term approximation is accurate, since Fo > 0.2.
#76  k=0.45W/mK with @« =4.30 X 10-7 m2/s
#93

#106 T (0, 180s)= To= 275C
T (45mm, 180s) = T3 = 312C



HW 9 Chapter 6: #1 h=—1

#19  q=2066 W

#21

HW 10  Chapter 7: #2
5=5LRe; "' “=5(1m)(1161) *'“=0.147m
6, =6Pr V3 20.147m(1081)73 =0.0143m

_0.140W/m-K

1 0332(1161)" 2 (1081)"3 =16 25 W/m? K
- (1161)

hp = 50_332Re}j'2 pl/3
L
75,1 =0.0842 ke/m-s2 = 0.0842 N/ m?

¢) ¢ = —5200%

#11
We begin by calculating the Reynolds numbers for the two different surface temperatures:
Rey = Y=l = 3msxIm_ _5q9, 40
V] 1.669 = 10~ m~/s
Rey, = ulL _ Smisx2m — 549 % 10°

7,

v,  1.82x107 m¥s
q, = 1950W

q, = 3440W

#15 a) g =17.6W
b) ¢ =143.6W

#17  29°C



HW 11  Chapter 7:  #42 Fp =1.1(0.025 m) 1.048 kg/m® (15 m/s)® /2 =3.24 N/m.

q'=h(zD) (Tg—T,)=88 W/m?2 K (7x0.025 m) (]0{}—25)0 C =520 W/m.

L -

#47ab 1 = (Nuplk/D) =(16.7 0.0282 W/m K/0.002m) = 235W/m® K

sinh ml + [:Hf mk :] coshmL

qf =M = — =0.868W _
coshml +| hfmk }sinh mL
#70 Condition Rep Nup, hp Ty
(Wm'K) (0
(W) water 7.465 x 1D4 499 3491 188
(a) air 1.72 x 10" 67.5 20.1 672
#79 T, =610K =337°C.
HW 12  Chapter 8: #3
Cast iron Ap = 0402 bar P=197kW
: i 24k
#4 P=Ap-V=Ap- 2 = 538x10° N/ m? i = 1.459 x 10° N-m/s = 146 k'W.
P 884ke/m’
#6 _ _
Ligmd T (k) h (kg/s) Keap (m) Hegy ()
Water 300 0.0063 0464 272
Water 400 0.0059 1.72 230
Engine Ol 300 0.0056 727 = IO'j' 4.65
Engine Oil 400 0.0052 37.7 =107 5.74
#14 From Newton's law of cooling, Eq. 8.27,

T (x)=(as/h)+Ty(x)

LDqs m

9s.m

3 . TX . 3
T.(x)= smn—+T ; + (1-cos x xL).
e i Cp

#16a ANATLYSIS: (a) With constant heat flux, from Eq. 838,
q=q¢ (7DL)=1000 W/m: (7x0.05mx=3m)=471W.

From the overall energy balance, Eq. 8.34,

7 7
Ty o =T j +——=20°C+ 471 =1
) T ome 0.005kgfs=x1008T/keg - K

From the convection rate equation, it follows that

13.5°C

1000 W/m?
+

M _60°C
25W/m?2 K

To;=Tmi+ ‘: =20°C

T o = Ty o +a3/h =113.5°C+40°C=153.5°C



HW 13

#32a

#37a

#34

#54

#55

#61

#70

#78

Chapter 8: #23a

ForL=5m h=>564 (3.66+ l?.51:] =119 W/m1 -K . hence

[ 2x0.025mx5mx119W/m® K |

Ty o =100°C—(75°C |ex; |=28.4°C
m.e [ ] p‘. 0.5kg/sx2035]/keg-K |
ForL=100m h= 5.64[:3.66 + 3.38:] = 40\"\:’/1'112 K. Ta.=449°C.
—tic, fn (AT, /AT, ) 2kgfs(41817fkeg-K) {n['zfc/?s" C]
- i 0 e L0 _ i ~=106m.

7Dh 7(0.04m) 6919 W/m? K

1.128kg/m3 (2.0mfs)’
2x0.15m

Ap =0.0269 <10m = 4.03N/m?

where g = i/ A, = 0_04kg/s/1_128kg/m3 x(70.15% m%/4) = 2.0mfs

a) L=8.87m
b) temperature of the wall at the exit is
-2 2
4(Do-D; )
I = .4hDi ~+Tno=

6 v 3]s 2 2
10¥ Wim [[0.04111} —(0.02m) :|
+40°C=484°C

4x1796 Wim> - K (0.02m)

10% Wim3
4x15 Wim-K

and Tw,nmx ==

[(o.om)2 ~(0.01m)*

6 wxr 3 2
10° Wy 0.02m) y
_Lm&+48_4°€:52.6cc-
2x15 W/m-K 0.01

a)  Tme=37.1°C

b) Ty =47.4°C

a) L=985m
b) L=10.6m

With condensation occurning when the surface temperature reaches 100°C, the corresponding value of Ty
may be determined from the local (x = x;) requirement that U; (7D; )| Ty (%1 )Ty |

=h; (7D }ETm (x1)— Ts] . Hence,

T, —(0;/U;) T, 20—(51.4/3.66)100°C

= =106°C
1-(h;/U;) 1-(51.4/3 66)

Tm(x)=

The distance at which the mean steam temperature 1s 106°C can then be estimated from Eq. (1), where P
=aD;and U=1J;,

(20-106)°C 7(0.050m)3 66 W/m> K (x,) |
(20-1201°C 0.0172kg/fsx2080]fkg K |
xn=93m <
10

g E ——tT

¥ [ /-/,

s 1 a1 (-

H a /ﬂ"fr

g k] ol

g 2 -l

15 20 25 0 35 40 45 50
Tube length, Lim)

—a— mdot = 0.015 kgis
—a&— mdot = 0.030 kg's
= mdot = 0.045 kgis

The longer the tube the larger the rate of heat extraction from the soil. and for m = 0.030 kg/s, the
temperature r1se of AT = Ty, - Toi) & 7°C 15 well below the maximum possible value of ATy, = 10°C.

=1 cp (T o —Tini)=0.1ke/s x1008 Jkg K (312-285)K = 2724 W.



HW 14  Chapter 9: #2
Air 727
Helium 12.5
Glycerin 512
Water 1.01%10°

#7 S=12.6 mm =0.0126 m (Warning: Ra exceeds critical value)

#10 h=2.94 W/m’K

#36 q=468 W

#71  h=9.84 W/m2K
hr=32.1 W/m2K
=221's

#90 61W

#105 m_dot=0.022 kg/s

HW 15 Chapter 10: #5 h=13,690 W/m” K.

- w { ryo 2 " P
#9 Flluid Amax | MW /m ] Amax / 9max. water
Mercury 134 1.06
Ethanol 0.512 0.41
R-134a 0.281 0.22
Water 1.26 1.00

#14a T, =T, +AT, =(100+18.7)°C=118.7°C.

#27 qs =187 W/m” K (7 x0.020mx 0.200m) x 355K = 835W.






