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21-1 BEH—EEMTRE - SRR 70 °F 20K - BLSK
S8 5 gal /minZ ShfE 250 ° F 120 ° F o MARING 12
ft & 3/4" 16-gange MISAEZE 11", 16 gange 2P > K
RIERER - MERRQRK - :BMARETE (BERAR
#E3% > Hu, =105(Btu)/ (hr) (£t¥)(°F) , M2 HNH
0.55 Btu/ 1b-F BB E 52 1b/ft> o
B : HERH heat duty '
3.785°

g= (250 ~120)% 5 X 60 X Zpre

x 52 x 0.55

= 149096 Btu/hr
H KR cooling water H HIBE #,..0
(250w~ 70)x 10 % 62,43 X 1
= (250 —120)x 5 x 52 x 0,55
forw = 99.78°F
B eq(21-20)
g=U Al Atew ]
. ?
U, (AJT)8 7, m
_ 14909
105 x 0.1963 A ¢
7233.63
iy Tl
(@ concurrent MEHE
Aty =250 — 70 = 180 °F
Afous= 120 — 99.78 = 20,22°F

Y
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189 — 20.22

o A sy TR
R 723368 o 5'
= %1:8 =17.415 ?&ﬁﬁﬁsaﬁ

(b - counter current I
. Kt =280~ 99.78= 150.2
Afon‘i;_'- 120:"" 70 = 50 °F -

. 150.22"'50 o : :I -‘
Atom = = 91.10°'F
fom = Tmciso.zzmoy 00T hJ
vy
. 7233.63 : '
= = 79.4 f
=0 4Rt i
ik 10l ;8
79.
- 124 6.6 HEBHETH

21-2 FIRBERRERE WA 1500 1b/hr #3K » EERPHMEX
HEBER 250 ° F, WP 220 ° F- {H# 965 Btu/1b: {§#
ER 500 ft° - 11" AZIRR - HIhi - BRAERG A
o

: HE#H K heat duty
¢ = 1500 x 965 = 1447500 Btu/hr .
i eq ( 21-17 ) overall heat transfer coefficient
q. 1447500 - .
U" TTAAf 500 x( 250 ~ 220 )
= 96.5 Btu/hr ft® °F
Hieq(21-20 )
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21-3

U, = 1_+_A£‘ +J-_ . - A’L P T\
. ke & h, A
RE s
Ax  (1/4)N12 it
5 26 = 8,013 x 10
i '
AX (1412 .
E—_ IV =9,735 x 10

U, » AX/KRANG
R, = 9 5614 x 107*

U, = lAX =103.5 Btu/hr ft*°F -
Rl +( ’? ) eu
HRFTEERE  BwiBS
_ 103.5 x 500 x (250 — 220)
B 956 -

= 1608.8 1b/hr
increase in capacity
= 1608.8 ~ 1500 = 108.8 lb/hr

m11&mme§#ﬁﬁﬁmﬁtﬁiﬁiu mm@mm-
TR AT SR » g&ﬁuﬁm,*“

X 0.00030 + 1 ﬁ:ﬁﬁ‘

U, 268 U§°

“000080+W iﬁiﬁﬁ‘

_ ﬁéﬁ%ﬁ%ﬁ ﬁﬁﬂﬁf& (RARE) BBU, = 2ft/sec

HiRES KRN
: from eq (21422 )
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1 A, A, 1  Ar 4 1
= = + = + +—t+ ——t+—-
Uo k{A{ hd ‘A’ hd 0 K A m h [} (A)

LR ke BRU, HHA - RRAHSEEBVEPETEE
%2 ERE

4,
- htht hdo
term ¥ based on inside surfaee SIS —ZRR.
A gy
ke .
Ao .
= 0.00080 — 0.00030 = 000050  wesreesvieee (1)
heA
A, 1

hiAq 268 U, @

A :

From T4ble A-6
A, = 0.2618 ft®/ft-tube
A = 0.2361 ft2/ft-tube

0.2618 — 0.2361 ,
Aem= 1000.268/0.2361) =0.2487
A
o= o.0u8
Ay
Ar = 0,049 ln

K=214 ﬂ:)\u)m(s)cpﬁ
ha =(0.0050 x T Yt =(4.509 x 107¢ )
‘30

= 2217.8 Btu/hr 1 5F

A/l - oy 09018
268 U, % 3 (268 293 )
= 517.3 Btu/hr ft* °F’
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B =¢ =(1.933 x107* )"’
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A

1
hy = _ = 3572 Btu/hr {t*°F
. Me f . 1 )
0.00030 — :049/12 0.2618

214 0.2487

21-4 ER 101t % 301t B35 - WA LL85% 2" B eEMEM - LM
M o FBHILREK - ) 4720-gange $HFPSH Speig > AEwLIME
FEMEER 115°F, BS54 BER 0 ° F, SME%S— o 3%
ERRHRET » HEBEES 115°F FBNEEET B

RELL 3-UE 324 v
_ BAAN k., Btu/(hr (£t (CF)
- faf s o 800 :
BB 40
B iah oA . 40
BRRBSR 2
RR-P= T P2 o
Steam temp , fj Steam table , P= 5psig, ZM/T =
226.5°F

b. M K = 218 Btu/hr ft °F-
c. 85 % magnesia ZK = 0,034 Btu/hr {t°F
d. W5tk > Ar =0.035 in
“d¢ = 0.680 in ,
dy =d; 1.103 = 0.5 in
dy —ds

du; =

In —
A. BN Tallow — outdoor 2 ¢
' 1

1 1
( e )+(.l¢,

~ 5 a

U=

X
)+("E)



1
=71 7 1 1
(qg)+ (G 0+ (g7 70.034)

40
= 0.336 Btu/hr ft?°F
q = UAAT -
=0.3367 ¥ 10 x 30 x(115—-0)
= 36,420 Btu/hr
B. #&ﬁﬁ&wmﬂTMMWzm,mmﬂmdm
U‘ _ 1 . Ve
vo !
1 _ ¢
- Ards S ‘

—)+ + :
(hl ) ( hodo ) qum .

1 S
0.68 1.035 0.68

¢ 's"éE) C x0Tz ) Zsxomm

= 41.8 Btu/hr ft*°F
C. BiE2 tube M{EMHH
A = gUAT
= 36,420/41.8 x( 226.5 — 115 ) .
= 7.814 ft?
FiE8 tube 2 BE
A 1.814.

= s = 43.9 {t
dy  ( 0.68/12@

I =

21-5 AEAERBE 5000 gal/ BRIGK - RSB EA T 02
i - — R 6hr Yk - » BRGSO (E o IR MR
B 50, WIEHRIRIE 1 hRRGRIES 230 Btu/Chr ) (£t ) °F)
DS EERERETEE - LEREMEMER L - RAEEX
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 RZMAMEB

BROBIEHY o Lleal H,0/week RHMAR o

: Scale ZQEIEJ:EZ%\ evaporated witer 2@ x = ¢V BRkA

# Inr 2 heat- transfer coeffrcxent _]'ﬁﬁ scale ﬁﬁﬂ%ﬁ

1 1 .1
[/'_i P cV_L it (1)

20 K 20 K. 230 4

.evaporation 5000 gal water U % 50 Btu/hr ft? °F

. -1
R STy
230 a
MR A= 319444 R RS
e |
= . ..'...,........................_..... 2
U 1 . 7 ; : 2)
230 319444

it energy balance

ﬂ&ﬁfﬂﬂﬁl:z*‘! RA R AR water BT%ZQE

1 Qv
, =2
¢=UAAT = AMT —, v p
230 = 319444
BHEEA - MRAZ constant AAT/20 KR BA
1 v
Kdt = (555 + sisaa 02V
& O o
B 2 v: ‘ ' :

AR EERA 6 BRI scale, .. 5000 gal HW L2
Mt =7x24~6=162 MESHIETR RAG)

5000 + 50002 -

230 638888

K=162 =

. ;‘.._-G,T_T_k.m

e mm



WA K=0.3757T RAQRLME
V4 2778 V — 240000 ¢ = 0 '

V= — 1389 + /1029321 + 240000 7 - e ()
§3§ﬁ7¢§lﬁ? ﬁﬂﬁ%ﬂﬂﬁﬂﬂ’ﬂﬂiﬁ% Zl‘iﬂﬁﬁﬁi

BtKe -

t+6

v
T+6 _ d - 1389 + /1029321 + 240000
dt dt ‘ t+ 6
_ 120000 (t+5)+(1389—m)m
(t + 6 2/ 1029321+ 240000 7 Y
SERZHTROT
120000 ( ¢ + 6 )+ ( 1389 — /1929321 + 240000 7
/1920321 + 240000 7 =0
RERE t=20hr
jt  HEEZ capacity
v ~ 1389 + W
“T+6
= 46.3 gal/hr
= 7787 gals/week

d

¢

N-§ &1 ,15% zﬁmximﬁuﬁzs Btu/Chr ) (£#£)(°F) ~
 RERS 25°F » SLBET0°F - HERH AR 15 ‘Btu/(ho) ’
C162)( F) 2@ o BT RIS AL E A |
e o RR@sE - MR - DURNE - GE: wERzE :
mnznmmuﬁmﬁamwmmm ° &

m:#&ﬁﬂmmZﬁl
heat flow in.



y he::.flaw out dgeonv=h- pds (T = Teo) |
= Gz+dz + d@conv
= @ataz + hpdx (T -
—T o)
P %% perimeter : .
gx — Gz4ax — hpdx © lgetds
(T-Tw) =0 S~

.- W

dqs
dx

~hp(T =Tarr) =0 - SRV RPIRY ¢ )|

X q=-KA % _ﬂ‘.}\(l)ﬁ
d:T
ax*
B EAMSTAE | o

T —Too=g,e”™ + czem ./" (3)

ﬁ‘# M=4/—Kh'—§-: ‘... (4)
[ R(2L+W)
TV RW.L
2k

=vViw LPM2

m = \/--3—15——— =10.733 ft~* = 0.894 in™"
_ .8 12 _ tes aneanecanine conarrane it oens (4)’
REAEZB,.CR ,
B.C.1at £ =0 , T—Tetr =250 — 70 = 180°F == (8
B.C.2atx =1, —KA dT/dx=hA. (T —To°)
ar - & Fo T
e = = (T=To)=—0,06(T—~To) -
3% " F (T-Tee)= - 0.0 (T ‘T“\)ﬁ )

f-gﬁ*z

KA,

- hp(T — Too)= () ...‘...........“.... @



#¥B.C.1EW RAOGKR
S 180=¢, + ¢,
#B.C2EW’' RAGH
0.894 [ — c,e ™% + ¢, ]
=—0.05[ cle—°'°“+cz'e 0-89¢ ]
ﬁr:ﬁﬁ
= 154 .4
= 25.6
T 70 = 154 47089z 4 05 6 089
E#BE
Te =T (ot g=y )= T0 + 154,427 0% + 25.6e+0°%%
=19%6°F o
heat transfer out o ) ' L B

s

ar
= - Ae =0
q K. X (at x )

=—KWL(0.894)[ — 154 + 25.6 ]
=25 X -;-‘ x L x 115.1

= 360 L Btu /hr
fin efficiency %LﬁZqﬂﬁﬂ%ﬁmnhw;ngﬁﬁ
250 ° F B2 ¢ 5 L1E
.. . . . q
fin gfflcmllxcy.-« m
' ‘ '360.L

~
2L - —(250 — 70
15 lZL (250 = 70)

~80%

N1 &2 ERY znmﬂsw 500 ° F 2 ECH - R 4
WR100°F S BUNRNBTEL 2 2 AR 4 Bru/ (o) (f1) |
~l@-ﬁ~ |



@

CF) o RRi MMM MMM ( Btu/br ) o Pz A
K = 100 Btu/Chr) (£t ) ( °F) o TR E 76 BB

B o
: EHJ:EZ eq (8)(4) ‘ |
—Too=c,e ™ + cye™ - cermsrssssrnsnaennes (1)
m=y 2P _ 1.386 ft=t eeee®
KA, 7 ( 1 )2 |

B.C at =0 T=Too="600— 108 = 500°F-

. at x=2 T~-Too=500— 100 = 400°F
BB.CRAWFR

500 = c¢; + ¢, o

400 = c,e 1392 4 g 0l 3862 '
ﬁﬁtﬁﬁﬁﬁ ¢, =417

¢, =23
~ 100 = 4777 1.3885 4 '23¢1:386
mzeodﬁswézz%nﬁwmza
aT 4ar

T ——KA—(x-O)+Ii’A———'(x=2)

21-8

dx d,x .
=KA[ 4717 — 23 - 47Te %" ”=+23¢ -T2 ](1 386)

= 100 -Z ( "i—z"‘)g . 792

= 432 Btu/hr

5 600« F £ K RIAETE 4 2 355 o KT HEMEEBA
6 Btu/(hr) (ft) ( °F) < FEMAZ BRAL, BZAR
R 80 ° F H328% - Maﬁﬁ&%z Btu/ Ghr) (ft5)(F)

-‘ﬂﬂﬁéﬁﬁ’ﬁ %mﬂﬂﬂﬁ#ﬁ"ﬁﬁkﬁw o B :

1. y&ﬁﬁﬁﬁﬁ%ﬁ%%%ﬁﬂ%ﬂﬁ*’ 2. ﬂ&ﬁgﬁ 3. W%



B — o & EEZREBERT - 5. BIMMENK =
120 Btu/ (hr )(ft?)( °F)o air furnace_

® : M eq (8)(4) of prob 21-6 L S - )

1. air side Tur ¢ — 9

T-80=c, e""l“’ +c, e‘"‘" ® Iy
= % = ‘_4‘;“"2‘1_ = 1,265 ft!
: 120 X
T, =80+ c et 4 coe 1.2682 cevsseinees s resane (1)
2. furnace side
T - 600 = cge™2® + ¢t
4h / 4 X 6 _ 2.101
/120 X — X 1—2-
1y = 600 + cye= TS 4 € pTIME it ()

eq ()@ HhkE cl,c,.c,,c. 4 ERDE ﬁtg’ﬁ‘ 4f8B.C
1. ®4% air side 2H%
Cg—oo, T=80, B, =0( e "5 so0) ()
2. furnace side 2Kl x=1/2
-k 27 = kT, - 600)
— 120 - 2,191 (— cg - 1095 4 ¢, g1-0985)
=6 é‘e-—:-oosi + c‘el.mis) T 7
3. R at x=90 » v
T, =Ty =80+ ¢,+0y = 600+ cy+c, oo ®)
4. furnate side f§3 " 72§=&”§ air side > M

~ 12~



o e

dT, dT,
K dx =K dX

2,191 (- Cs + c, )= 1.265 cz' B P (1))
REOWE®F R ¢,,¢4,¢50¢,

at x=0

c, =0

¢y =-303.13-
s =—195.94

c, =— 20.93

. hot end ZHERT,(at x-l/Z)

T, = 600 — 195,04 ¢~ 170955 — 20 03 1-0%®
= 472°F

21-8 %ﬁﬁ%ﬁﬁﬁmﬂr‘ﬁﬁﬁ AR HERGEMET ?

%] :

)n =

BAE R
$8-2 K = 118.4 Btu/hr ft°F
Steel Z K= 26.0 Btu/hr ft°F
radiator Zﬁﬁmiﬁ fin
B eq®W of prop 21-6
T—Too=c,e™ +cype™

Hep m=+v — L]

KA.

e L O B S — SR L (R A LR T

Zaig 2 R B _»
T —Too=¢c,e ™

RABC. at 2=0,T-Too=T,~To=c,
T-To= (T, ~Tos)e™

ar '
q—fKAﬁ (at x=90)

~13~
B |



_ hp T
=KA-V g (To =T

= VE VEBA(T, ~T )
=vE xER
5 Aluminum B> A ERE AR

A18.4 - s

21-10 75° F @/ BRAER 70° F Zh - 4 DERKSBAL
BEHS282°F R 75°FE390°F O BMAFTRIEH o B

L TRSR - SBIREE S — B N RBA R B o
Lt 0.1 ZBRA - SLEEAKEEE 00°F hEETH

: daT.
A400 — T Y=mey ——
RA( T)=mc, P
dT hA
—J;t-_ * mcyp (T_ 400)— 0
. RA
BB 4 —=a
mey

T — 400 = c,e” ™"
i initial condition
at t=0 T=400=-—325=¢,
o T — 400 =— 32567
Rat t =4, T=282°F
282 — 400 = — 325¢ %4
#1158 a = 0.253 o
BHET = 390 °Fi 2 BTt TAKH
390 — 400 = — 3250
#f8 ¢ = 13.8min

“«

b - gy

.

21- 11— FHRE s K BRI = 5 o, BB Btu/(ho)
~ W~
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(£t2)( °F)U, B ft/sec, WSRO REMILIH A
h=0.5(At)7* , hE3Btu/ (hr) (ft®)(°F) - A BE
RGBS . BB °F o I b BER TR &
K 35°F KRB — 25°F, REEMIREH E FRATTEACRAS K o

W AT ARLTKES - RS MBEER 32°F - HAS
By = 0.5(32 —(— 25))*
"= 1,874 Btu/hr ft®°F

q = hAAT =1.374-A(32 + 25)
' =78.32 A

pq::] water — tube Z ¢ % tube ~ surrounding 2 ¢

¢ = he AAT = 25UY2 A( 35 — 32 )= 78. 32 A

f#ﬁ Ub =1,14 ft/sec

21-12 ﬁ&ﬁZ%&ﬁ'ﬁwﬁm;&%ﬁi&éﬂéﬁl o YR BRVER
0.01 ft A2 650 °F, 7£ 70 ° F 2t rh 2 BB (sec)
ok SVBE I BT o e P BERE TR -
¥ 2 =65 Btu/ (hr )( 't*) ( °F) » S22 WE 710 1b/ft®
» e #40,034 Btu/( 1b )(°F ). /5% 622 F #5784 10. 7Btu/1bo

1
B :m= F”Dsp ‘

1
6
= 3,72 x 107*1b
-total ‘heat capacity ¢, = 3,72 x 1074 x 0.034
) - =1.265 x 10"Btu/lb°F .
A= Dt = 3 14 x 1074ft?
= 65 Btushr ft*°F = 1. 806 x 1072 Bﬁ;n/sec ft2°F

7(0.01)%-710

aT
hA(T - = —
(l 70) Cr dt



