SOLUTIONS MANUAL

THERMAL
ENVIRONMENTAL

ENGINEERING

T HIRD E DI TI1I ON

Thomas H. Kuehn
James W. Ramsey
James L. Threlkeld

PRENTICE HALL , Upper Saddle River, NJ 07458



Acquisitions Editor: Laura Curless

Supplement Editor: Lauri S. Friedman

Special Projects Manager: Barbara A. Murray
Production Editor: Maria T. Molinari
Supplement Cover Manager: Paul Gourhan
Supplement Cover Designer: PM Workshop Inc.
Manufacturing Buyer: Dawn Murrin

© 2000 by Prentice Hall
Upper Saddle River, NJ 07458

All rights reserved. No part of this book may be
reproduced, in any form or by any means,
without permission in writing from the publisher.

Printed in the United States of America

10 9 8 7 6 543 21

ISBN 0-13-917238-b

Prentice-Hall International (UK) Limited, London
Prentice-Hall of Australia Pty. Limited, Sydney
Prentice-Hall Canada, Inc., Toronto

Prentice-Hall Hispanoamericana, S.A., Mexico
Prentice-Hall of India Private Limited, New Delhi
Pearson Education Asia Pte. Ltd., Singapore
Prentice-Hall of Japan, Inc., Tokyo

Editora Prentice-Hall do Brazil, Ltda., Rio de Janeiro



2. |
Q) 28,78 n Hj(

1.450x0 4;); Ja
2,96/ x 10" m #j

4.019%10°> ;w Ha0
2,91 X/o—q,‘u Hj

)
S

2.9 | xzo"’in

L> 2875 in Hj (

c) 390,22 in H,O
0.8

[ v,
29.27/h

J) 28,75 in Hj (

>:

14,08 PSI\CL

390,2 n H,0

12,39 m -C/VI'J



/2

2.2

CL) Le_‘(‘ ¥ re_l;r{sc,n‘r c[h/ ajr QV\J y rcPrfscn"f'
waTer vapoyr. B‘/ E@hS,CQ.)B and 2.19)

o %
Px MI'X Rx

my /my, = 0.012

Ry _ 8s7¢ St /B, °R _ LGo7
Rx 53352 ST b,/ 1ba °R
Py = P- Py
Thus
P - ‘4:32 PS/le - O.27 PSI.C&
Py = ]+ 'th Rx +__‘____—————-
my Ry, (©0.012)(1.¢07)
blp=m = mytmy =_”_“_..>:~('+i”l>
| Vv |4 VA %

B, 5. (2.18), j,éf}_(ﬁ_@j)
RXT w1 X

| p = (14.32 -O.Q?)UA&/MZ(I44:’»»2/-?1‘:) 1+o,otz> . o.0725 1k,
‘ 53352 &tk (70"1:4— 459, ¢7°R 13
Th,, ¢R

"—) R= PV ._ (14.22 L /i) 144 002/ §1°) _ §3.70 fribg
| mT  (0.0725 1L, /5¢°) (70+459.67°R) T
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2.2 Coh‘f"é

$) Based wpon m=wm b, g (2,23

Cp = Cpe *+ Iy Spy
M x

Ft—o‘w‘. TazL/e. A‘SE, CP = C = 0©.24902 Btu//Am °F

X Pea e

From Takle A GE, cp = c, = 0450 Btu/lh, °F

> - v .

Cp = 0,240 + (0.012)0,45S0 = ©,24¢ Bty
”’M u,:




1.3

a) my, [img= 000 kg [l

Py = 935 ¢ Pa

|+ !
(oo 1.6o7)

L) p = (95-0.01)k Pe |
o.2870 lcr)(zo+273.1:l<)
&) R = (35kPa)

(113 leg (w2 ) (20427315 1)

d) From Telble ASsI,

CPK =
From Tuable A. ¢ ST, CPY =
o ep = {.ooe + (0.01j([,882) =

%Pr—oax,éure Q0‘1/§UJ£. ’I‘l’\q'f' our’“nci in PPUL, 2,2
[, SO le Po

= L3 lkglm®

0.287 kI [leg KK

Coq = 11006 163 [leg_ I
Cp, = 1,882 1T [y K

025 leT Mg, KK



2.4 |
a) et f, be the corrcet r.!ev\sf‘ry and _fa the
va\si'{'l/ cow;,:v't’bé u.;iwj the pev Cect gas {a w

By Cg (2.24) , P, _ 2
£

-BY Fr'j, 2. | at =-20°F, JO atw, Zz = 09892

Evror = ("/00) (jl ’J)i’-) = 700( ' —-‘O,C(a‘?Z) = 1,087

_
b) P= ] MPa [0 kPa )( [[atm . 18T atm
| | MPa f\101:325tPa

B, Fig. 2. at -30°C, 9.87atm, 2= 0,789

Error = IOO<1-—O.°18‘75> = oS,




A.s |
By Takle ALIE, P= 0,45034 psja, v = 349.98 §+°/b,

R = 8s.7¢ Stibg /L, R

Thus

"

Po = (045039 (b /i) (14410 §+)(349.98 &3/ lbn)
RT B<.7¢ stib /i, °R)(1004459.¢7°R)

z

z2 = 0998
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The tweryy L%/Q.HCC. o h 'ﬂf)a rqi;'a‘l’:}r becomes

’ - Al
}\Q-)Z! = Mg <L\1 —L)z/
whtre ’Q = So0c0 Bty /hr
| -2
ar @, by Talle A&, h_ = 1844, b, = 115189 B

h= b

h = 122,87 Btu /b,

b,
ot Chy ~he) =184.69 ¢ 0,97(11S1.8% - 184.04)

a7 @, L\/ Tq“-e A»IE} L’l = L{_ (ZOO*F) = /¢8.34 B‘tq

b,
Thus
E‘C_\')Zi AYolels) BZ_‘q/Ar
Mo T h,  (122.67-168.34)BC/lbw,
]/V') = 5,24 ILM /Ai“




2.7
The

tneryy ba/amte °oh T‘Ie -e\qugar-c(‘("or P s

@ - hl)r&% (%2 *L">

|1-2
a'T @D, by Table A2sI, lﬂg = 88,73, L,j = 1417.8] kT
. l(j
h = 88.73+o.3(/4/7.al—33,73) = 487,45 LT
llj
at @, by Talle A25T, h, =hy= /417,81 kT
ltg
Thus
:C?z = Ilzj()4n7,8/— 487,45 ng‘ = 930.4 lcw
S

l/-j




2.8
BY Eﬁ' (2\42)

i = m <51_Sl> - @
st _
Tcu"r
| - | = = 0.31869, S. = [.7474 Rty
ot @, by, Tuble AE, s 61, 3 R

s = sc +x (s -5 )=0.21869+0.97(1.7494 - 0.2186 9)
I £

] < 3

s, = 17665 Bty /l,, R

Tabl ' = ‘) T0.27430 BE :
at @, b, Table Ade, s, = s (z00F) 7 : un

Thus

T

1

I

$.24 ILM (0.261430- l.7065)[§tq_ _ l(-Sooo) Btu /;af
The b R (70+459.¢7°R)

L
i

2.04 Rtu
he °R
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By Eg. (2.42)

E MM& (S’--S') *_‘_(-‘?i_

—Tq ‘e

at @, by, Table A25T s =03¢44, s, = Scisld

L lee (€
S
S = ose * X (sj -5 ) =0.3¢44 r0.3(5¢i45-0.2649)

1

s, = 19294 leT /ey i

at D, Ly Table A.2sI, S, = S:1 (-zo"c)=§.614s_1£

leg KK

E I= [ leg (5.6/4_\.‘-1,93‘14)13{ - 9zo.4lkw
s leg 1€ (-104273,ISI)

r =o0.134S lw /I

10



2. 1O
B./ E& (2-86)

R = Ra*(.& . +§)+Rc
l() kz. '(3

R; = 1lh, = 1/1S Btu [hedt™F = 0667 hr §r7F

RBtw
£, - 0.Sin (___%1) . 0. 417 hr$+*F
I, ol Btu/hr SteF \ 121n Btu
i(i.l- = 25in ( £ ) = cf.722. he & °F
kz ©.0% th/‘nr P\ 12im Bty
LAy - 400 ( f ) - 0,444 v St7F
TZ; 0.7S Rtu/hr §StF\ 12in Btu
R, = 1/h,= 1 /6 BtuhrS§r*F = 0,467 hr §7°F

Btu
Thas |
R, =0.6e7+0:41T4 9,722 40444 +0.147 = 1. 417 b §+°F

Btu
Y= 1/R, = 1/ AIT he &7°F (BLu

U= 0.0876 Btu [hy S+7°F
B, £y (283), Q/A =u (¢ -t,)

_ 0.087¢ Bty (70-0)'F = ¢.I3_Bty

@
A he SrF | hr S+

1
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W e wi” us e (55'(2.52) To calevlate h

\7= __\i = 2000 cw> (s - 2.83 m /s
A IT (3.00“’))2/4

Frowm TaL(C A ¢ sT

It = 0.61S4 W /m°cC
= 7917 )(m'é le/ms
Pr= (.29

Fl"om Tocl:{a A.l sT

v 0.00/ 005 m /kj

Re, = (2.83m /s) (0,03w) _ L.oSs9 x0*
(7%7.7;((0"Izj/ms)(o,ooloosm3/hj)

low ;'s‘ TurLdleth' so (= .(2.52) s bq/t'J with
The coekGicients ll's‘ticf

.8 0.4

l’l:/(CRe Py
- D

D

| 0.8 0.4
:L‘ = 0'6,5-4{4//»“'(, (0.023)(’-05qxias) (6'24)

0,02

L= 10,270 W/mc

12
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We w,“ use ,'Eé-(?-f‘?) ?’DCJ‘{(TTV)j ‘{'i%e vl'sc-osfﬂT)'/
ratio T rwn To Je'f’,e,rmth The lﬂ—cq‘r“ Trans Ycvr
coe §Cicient

Rey, = VD /v = pVD/u

Frowy TaL/e A,SE 'q‘r ‘l“L)e Qrce STrcamw szp,
0o € 76°F,
P = 0,.074493 ”%,/ S+l

M= ,
K= o0.014a] Btu/lhr £+°F
= 0709

Re, =(0.07493 1L, /&) (10 &r/s)(sn‘n)( 36005) . 2.554K0°
(©.0a400 L, /he §1)(12 n/ §1) b

L= £<0.4 Rcbo'sa—o.oé R\o:/}) Py-o'4
D
o5 2(3 0.4
h= 00id49] Btu/hr 4:_‘5(0.4(2-.554“04) +o.oc<2.-’§$‘4xroa) )'o.?o?
$in ({-‘?‘f /12 i'hg) '

hho = 23,62 Btu The $+°°F
Q= hA(t -2,)

FOY; l 'QT dg P}‘Pe_
@ - 3.67 Btu (g s.‘»})( ¢t )(,50_70)‘/: (15+)

St heSr7OF 12 i

Q - 279 Bty /by
£t 13
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‘ Thc hqfurq‘ Conveetion '}\{q‘r Treans few c,aQ'C-Cfofcn“f"
will LE.F C‘{’{’C‘r“mnlwccf Lrom Eé’, (2.$7)

RCLD: GrDPr: gﬁDBAt P = jﬁbgﬁt Pr
e 2 (~/p)?

From Tuble ASE at the Sree sTream Temp. 79°F
p=o007493 b, /53
U= 0,04400 M [ he £t

lc= 0.014al  BEu/ he §1°F

Pr= 0.709

ijFoV‘ gases, G = -—!_F= //(70+4S9.67"R')= 1.888 x (0™> !
=3 : )oF

‘ zRqD=(3j.174 §T> (I. 888 x10_ )(5‘,',,) (ISo ~70) l—(o,7o</)
s “R

‘ (0‘04400 (b /hy §4 2(1728 in;)( hy )"
0.07493 ., /513 Cr3 3G00S

Rq = 937 xs0®

b

By &5 (2.57) N
‘ 2 (001491 Btq /he $t°F) /S0 )L St Lizin)

ikhf 2

IV\ [+ 1/4 0.S59 3/5‘[-§/,2 1< ;“: i< 15
O.Sf8(‘i',37xmc} [H' 0.709 } +<0. [ (‘1.37)(/0 )

b, = 0848 Btu [hr St7°F

® & = o.848 Ktu(ﬁsin\(i*?)Q_ﬁ_i)(ISo—7o)°!:= 88.8 Btu /he
St heSroF / 1270

14



2.14 |
We will use L:é‘(Q‘GO) To determive The watvral

heat Trans€er coe&Sicient |y the

conveetion
w»"f'zq L = Icm) H=1lm

WI\ﬁéOW caviT\/

RqL = 9 LzAt Py
T (/r)?

From Table A SsI a1 l0°C
po= 1248 leg/m?

= 1765 %1075 ey [ s
k.= 0,02492 W /m K
Pr= 0712

{

3 .
Ra, = (18m/s?) (10%) (152 (0712) | 1848

(283,/5“/()(1.763)(10‘:‘&3 /MS):"
1,248 leg (w?

‘ 174 3/€1-S/\IS Ay
Ny = _L[(O.G7[]84e,(o.ol)] [I+(O.S:c’) J //2) +(O‘l[/84&] 3)1;‘] /s
L
A 0.712

Cony 2

NqL = 0619

e
b, =k [1 ' (NqLC )'7' .

L

= 0,02493 W/m K [, s (o.m)'s]'“sz 2.493 W [m* K
0.0] m

N

©= h, A (¢, -¢)

2492w ([w?)(ise) = 27.4 w
m [
15




‘ §2»1§

:F\’OM F'j: 208B
iS6 ltpa = [0Iwim®* = h

h 2 1sooc win*K

!

g.= hat

At = g./i«)= folc fin© = 6.¢7K
1S00 W /" K

?From Table A 25I, tThe saturation TewmpereTure
| at [So I Pa s -25.23C

. %ThCrt<0r< 1"14«:: surfuce TemPcr«Tf’J?C becowes

Y ts:—r-(»acz = tSqf + 6T C

= -28523 + 4.7 = —-18/S¢C °C

16
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2.16
Y We will use Ea. (261) To determine The heat
Trans Ser  coeSCrefent

Frow Table A8& at jo°F
M/E = O.58] ,LM /?f’ hr
l<£ = 0.0S8¢ Rtu/ he §+°F

From chib.lc ARE at [0°F
L= ) ~he = foSid- 130 = 923 Rtu/lbn,

€ 3
RQE = .ol /iin 5/2:,%)’(0-5»‘»;) . (GOMM): 318¢
‘ﬂ'(ols'b")fz\ t (O,§8I (Lw,/;‘rl’ﬂ‘) o

4
Let L =708t

1K= 778 Sribn 0.8 (12,3 Beu/lba) - 5745
Btu o §t ‘
/ _ 2 N 0‘4
L)M = {0.058¢ Rtq /LrCr'lv)o.oogz<3Jsg (5745))
‘:O-S;'m)(gf /lzt'h)

23] Bty [he §t7F

ho,

(J(-QQum«T choice o5 L wi” afLect  wvalues
gor }< O.,MQI [4\44)

L> The lewf}f“‘ﬁ nects savy will 44.}>cné on the
Tewm perature dif€creuce maintained beTween
T[AP- TvLc. ancé ‘fﬁ_.e Qlu;'cj
For our chojee of (O§T+ h PC"'T a,

17




Q=h, Aasts= V'vusx/q;g

or AL = MAXL\%. /(L)MA)

AL = (I,OILM /w.,'n) 0.8( 92.3 Btu /ILM)(éG w;h)<l2|'v\)
| AN

(,:’231_,. th)<ﬁo,sm lo@r)
hr §42F

15 °F

"

1S the TewmperaTure di§Certnce 15 one—half
this wx(«e, The necessary fengriy would Le
JQUL{¢J To 20 &t

18
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2.17

We will use 55. (2.63)

Frewm Talle A SE ot />OO°F

Co, = O36L  Bitu /15, °F
"‘41 = ©.3%38  [ba, / &t by
k, = ©0466 Bty /hr ST eF
Py = 229

Froww Table A3E a«t 100°F

Pe = 724 b / G#7
L = 2,89 lbw / §42
L’&s = 72.80 Bty /b,

—

. [T
Re = {io [Lm I/M,{h) (O-Sfy,) 7’124) (/Z'V))(GOWHH) - ,23/ 2‘4
C

1 (0,579 0.338 [bi, \ 2. 89 Cr v

4 he £t

M = 72.80 Rty /l[ém

0.2162 Bty (8°F)
(b, °F
1z 116 2/3
Ny, = o (2.29) (2878) (23,214) "= 88
L = 188 (0.04(¢ iztu/hr%“F)<o2,'n) = 210 Rtq
3OS In St

L\V' ;1"1 af:

19



2.18 |
Using Eﬁ(ﬁ.?‘i) with €, =1, El_=))cznc,i F, =10

l-2
!G;SZ _ d. (T' 4‘ T2_4>
Al
. 4
= O.1713 x10 " Btu [(/o+ 45«7.47)1- (-40+451.67) ] 7 f
L\r 41”"’24 :
1<i>2 36,22 Bty
£ - 2
A, L\V‘ 'QT‘

20
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We will use the Co([ow,'nj egoq*{'[om c(ssuninz'ng fﬁ;e
Svurrovv\(il‘hjfs Lolfra.n& as «a Eiqcf¢ ii;oa ';L/ g1 70":

o = g A o (79-7,7)

‘QOV‘“- a /eMsz\ d'S; 1 41“

Q = o0.85 T Sin CIS1) 6713 %16 98 £y (éo?-674~52‘”1-474)°’?

_‘-Q;‘(‘%- ' CiZyn /g'r) he §+72RR4
@ = 113 Bty

Ll ~ hr

St

21
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‘ %2\20
- We will use 55(274) with F =hLoO awnd
; -2z

A /A, =10

:'C?J_ = AlO—(T14‘ T24)

| 4+ 4L _
£, &,

AN

| 4
= 1w (5670 i 8w im ) (288,151 - 273,15;44)
N I

22



A 2]

Le‘(‘ The ra&fa‘h'vc» Lma-r Travs{cwr ,oe. written ag

C'pr= L,r ACt -1,)

=_ 9,
A<t)— tz.)

'.

[\079 Btu

iz Btu/br (1200 081)  _
he §47°1F

T S (141) (150-70)°F

The cOméfue,J conveetive /ra,c(;'cr{’;‘we heat Trauws fer

cob'gﬁn‘éx'{m‘f" becowe s

h=h + kL,
0.848 + Lo7q9 = (927 OBtu
he §+7°F

{t

t

23



i[.-eT’ the radiative heat Transfer coe&&icienT
Le wriTten a s

L1,, = er

Alt,-¢t,)
= Glté W = 41 w
Im?(1S-0)°c m?* e

g'ﬂwe c.ow,éu'he,i convective/ vadiarTive heat
C trans Ser coefLrcient becewe s

1

h, + h,

I

2.4493 + 4,11 = 6.60_W

24



