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e “There are no foolish questions and no man becomes
a fool until he has stopped asking questions”

e Charles P. Steinmetz quotes (Prussian Engineer and Inventor,
1865-1923)
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1. FEERAE EIVEVE = B ATE NIRRTV ERCE | - 41
(Al DB e HY AR ©

2. 1EHEFHHAIRVEVE E B[R A G A ETE [
ﬁD’fTBEF/fEi/)ILHEFEﬁE]/:}E‘)(&/ﬂﬂ?(&LMTD)

3. (EHEFTRAEAsRYETE [ AEIEIIEVEE -

4.f%%ﬁﬂmﬁ%£@?%%x%¢mﬁ%h
QR Jak i A 2 e B A s Y JBR e (B ek 2

Pumping power) o
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Internal fins

Coiled-wire inserts

1l fins

nserts

Conled-wire i

Twisted-tape inserts
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Benetfits: increase 100% more heat transfer coefficients with
only 10~50% increase of pressure drops

10
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Fea P~ R enfd % B F for Pure Cross Flow Tiy |
. :QZ(Tl)i'(Tl)() (T,); —» — (1))
_ Cy (T2)o-(T)i v
Q_(mc pc)( T;,i) Ty and Ty are interchangeable l, )
:(mh ph)(T;z,i_T;z,o) =
1.0 -..\ — | |
. N R\k\:::::‘\‘ “--:._‘-:’_--"“‘--.:\""- R, —
1,1, _ AT, s N e L T K
- NIV AN RS
h,i c,i max : \ \ \ \\\\\\ N \\ \\ AN -‘3\
: E0:8 \ N \\ < \\\\\\

c T, -T, L || AR NEANE N N N \
R=—e=_"hi ho 3|34 AN NN
G IL,-T, i | i IHALARENAENNY

) I AVAENE
PoS [EAVAVAVANRR AN A WA
‘§ 0%5 ‘ \ \ \ \ \ \\ \\ of?“
VAN WANREANVE WA
Exinn HAVEINA WAVA\
R IR RS A R e
0.0 \\0/(.02 ..... R e 55 e R 58 0.9 10
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Mixed? Unmixed?

¢ Mixed & Unmixed H%+3¥%F Cross flow
(Why?)

mixed unmixed unmixed
stream stream stream
mixed mixed unmixed
— — — — — —
stream stream stream
3 BiEIai - ¥ % unmixed 3B

mixed - #% mixed unmixed
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c

\

TE AR EIRET 5L
S b SRR

%ﬁE(SCCOHdaW area) )

78 LR EE AR i

A: EASCHARE WA IRy Eoh 2 — IRy 4R AR

A B/INREMEME (free flow area, minimum flow area)
Ap: IEFEER

L. B RESEE
Vi BSCHAERZ BotE

o JmBEULHELEL (contraction ratio = 4,./4y)
B B EEHYEVE AR B AGRE LD

. 44
Dy KITER =—<—
' B EE

Ve EASCHAZE N Z B RO R 5 B2 38 i /N At 2 T R R HY O 28
Vit #E A AR #A 25 g aY El 22 - 2R IE [ JELZ8  (face velocity or frontal
velocity)
G. =pl
Repy = GDy/u  (CEE : G, LA HEH)
AR o, pL D, RIRYREHRIUATHEE T ¢
D= (44,/P)x(L/L) = 4Lx A./A (R[14 = PxL)
HoPLEEREE - E=\0ID, o Ea T -
Dy = 4(AJA)x(L/L)
= 4(A /A (A A)X(L/L)
— 40x(A,/A)x(L/L)
= 4((4xL)/(AxL))xo
=40V/AL
— 4oL

20

EF

=  D,=4Lx(o/fL) = D,=40lp (3-2)
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Narional Chia Tn__qU 'sry"a‘

— F] 5 7 # Rl L a# @ F % fie(thermal conductivity)
— S BB G
— 3 4v % B & (compactness)

(a) plain (b) circular (c) continuous fin

fe AL ET R B

21
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EARRE AR E S (@) H - L] ()AL (O
al (d)ﬁv{»?ﬂﬁu (6)’3? B (f) £ 55 0% 19 B

L-Foot
(a) (b) (c) (d) (e) (H)
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@)

® it 7 »x % (fin efficiency) 7,

_— figh HIFEVEE N —
TR R RS S (B AE R B SMEE FRECEET,)
0 0 n '

= :Q:hAfnf(T;)_Too)

O, hA,(T,-T,)
jmx

|
Ot 7 % & 3 »x|L(fin surface effectiveness), e T,
_ GRS EIEEMEE  (hA(T,— T,) + hAd(T,~T,)) |
e R ERE R BRI RS R REORET,) | o e o
ha(T,~T,) RRELHIAGRATAN
hAo ns(Tb _Too) — hAb(Tb_ TOO) + hAfU/(Tb— TOO)
&A,=A,+4
b P / S
=7, =1-—=(1-7,) QFHHEELG L ZMY > Ply =n,=1
0 (byhe #12 E 1 4 5% 0 Rl >
(C)iy & » I ARk ] 3 B B3]
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_*'m‘: vl Chiao Tn_gU vran

i_‘?F}if%m\El}:[’ ﬁl:l I\ /\“\\:\'L_%/f%’,\\ﬁg‘i k 204
W/m-K - 53 R ek, -

©

3
o

\-k?’rk

b/

@tﬂ

it k=204 Wm- K

l

y=0.003 m

tanh(mn /)
ml

U
[=0.07m — %

|:2h0j|0.5 2
m = h=20W/m~-K
ky

= (2x20/204/0.003)"> = 8.085 m™'
1= tanh(8.085x0.07)/(8.085x0.07) = 0.905

24
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= B3 - (BEE R Rf ek = 20 Wim-K > &
AT ERZAREE R HVEE R SR 1 e

m = (2x20/20/0.003)"> =25.82 m™'
17, = tanh(25.82x0.07)/(25.82x0.07) = 0.524
Mn)Ehsl - EEERFEMRE T > SEH A HEEE R - BRERE TEE - Al
PVE B LR S (K42% |
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Stop & Think

—5 > 20] KT HH[E]
aﬁz/) ILHE_‘?FE d

¢ Questions
o [NEAHAZS » MR 5ES
—ERE - —(EHER > AR
=/H[E > HI
o WE A ESHYEVE = » (0] 3ZHIX 7
o [ EAZT I EME M RE

% 2

® [ %]

(PLEMERETT =)

VR ARSI BRE - (A HOR 7
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PUEZAF NF LN RBAIPMEY 72 0 h~2000 Wm2K > b~
S0W/Mm>K > n~07 GHAd @ r £ a- B iFEET augnE
FPERERLMN EEKRE LR P B L)

28

Bk A - Ereaf(=1md)> ak A/4, =10 A =10m? - B4 @

GR U PSS G5 A o B

v voov v 1 00005 0.0286
CU,A 20004 0.7x504 20004, 354 A4, A
= Ui = 0.005(& IBET) + 0.0286(& 4 NHHT) = 0.0336K - m* /W

—U,=29.77 W/m>K
=8 NAISEHLLIE 15% (0.005/0.0336) »
=TMEYNEIIEINES5% » 2T A s Y EMEE 28 T 2 s 1 22 i ]

PEE SR RS R R R sl S 2] AR
CEOCRS N S SR
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R B Bt $ I SB35 (Conti) )

®Case 1 @ F AR 4od-7 5 RIE G x‘*ﬁtﬁrs - & > W h,~2000
Wm?K > h = 100 W/m?K > 5 = 0.65 (G p R A @ B 4 o P
i é’&?%’“'"ﬁ’éli?(t B R ZF)?) e
BRAF-HE=af(=1md)> ARk A/A4.=10> & A4 =10m? > &4 &
G USSR TnfF a4, 0 R
1 1 1 1 1 0.0005 0.0154
SR = + - + - +
U A ’)nnn A N AS1TNN A ’)I)OOAZ 65A0 147 A

o
“ J/

%ﬁﬁﬁ%ln o e 72 I B
— R = U—A = 0.000S( VSIKH?}L) +0. 00154(75’ {EUBET}L) 0.00204K -m* /W

t
o""o

=L 0004k -m W = U, =49.02W /m*-K

o

> & NIIBHH491525% (0.0005/0.00204) -
= 1125 B HIPE T4 75% -

@A B GEo B 49.02/29.77=1.65 > R EF4ck S Bl aGVE XL 4 B o
E\“J_? ;r: J L@ ]‘4:@/{&3 by — ].— y w7 ;Ilft——[ ikl(‘ L@ﬂ 365%
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St con o 25 7 BRI 7534 (Cont)

@ Case2 : Fif b 3E4o®/2 S RIEE B8k 8 - B > W A =4000
W/m?K > h =50 Wm?K > n ~0.70 (3%“}1%}4‘ PR A B B 4 0 R
%ehily ¥t X7 §RF R 5 PAGE- BRA)Y) -

B AG-Hraf(=1md)> A%k A4/4.=10> 4 =10m? > @418
G U DS A 0 R
1 1 1 1 1 0.00025 0.0286
'.'Rt:UA T o0 4 nanwan A :A{)OOA.+35A B A " A
o 0 .« ~/ “ v ! 0 9
GIF  AmRRERT RS

=R = U% = 0.00025("E AIHHT) + 0.00286( 2= FEHIFHT) = 0.00311K - m* /W

t
o""o

=L 00311k -m /W =U, =3215W/m’-K

o

> & NIBHB14158.0% (0.00025/0.00311)
> i 22 RHIRH D TEE92%

€44 ot E32.15/29.77=1.08 » R F4ok S Rl AR £ 7 %
RIA Sl # @ Gl 4o - B > VRABTE 8% -
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> o

(a) AP%/)ILA/\\\&TDQ j: 1 , - B 2
N, /)lL Ez*zlj\ﬁﬁi_ﬁkzgfjﬁ: AR~ 2 : —

KQ . Flow 0 I‘

(o)) 41 Z%AIL%%L%\@T L enmance exi ’

E’]Jﬁf B[ o g PR AP CRE)
(c) AP Eyim Ao N 8 B AP+ AP(E R % 1 5 AP,= 0)

b5 [REZE T AR R S Ak

IR - AN
(d) AP, Ryt HEAAS A ES
H5F PR 2 88 R P 7 i Y

BRE AR e BpE R 4 1)

AP,
! P

\4 out
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MAFAI sy IR B B/ NS T BE[E AP; -
AR E R B IELL A (1 - o) » TS H D R -5 R BRI - BB R
RS o o] R 4 B A BR4A R R TR AR BB K, - AT

R

1 1 1
E + E IOI fi = I)entrance + 5 pentranceVz + K A VZ (3-22)

c c entrance” ¢

ﬁjﬁ%%xﬂ@éﬁ g )ﬁﬁL\/Lplzpentrance ’ ﬁS'zzﬁE&%’& :

. A])l _(Pentmnce B Pl) 1

S (ALY A 15 (3-23)
i 1

BHEV, = oV,

AP 1’
S eV (1-0’+K) (3-24)
P 2
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" ' @azcéfﬂ % Unin m:% »

S B A S R S R S BRI AP ([ FE By D) -
AP, L ,Vc
FRRA N
bRy Fanning B (B » 40158138 2 (o P (9 BE982 ( 30 2 Darcy B (28
AP
SRR fin . EE . Darcy fo = 4f HP@AEHE
m h

B BEENBHEEFFETERE > —REFE SN a1 EH L
LE#{s ) {58 F Fanning [BE 2R {58 > 3 3 72 (58 A B R Rr 1V o R (AR B Y
EF °
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JRe R S LS R O - AT e R RYBE[E AP, -
A T BEE > BT Penrance P11 Pexi ® P2 * T3NS AP, =B (L HITR
NEHONBIESE - AT

ap ="y

A exit ) V

entrance p exit’ exit exit p entran ceJ entrance entrance

(p2 exzt) (prentrance)z — Gc2 _ (;c2

_y VoV
4

. 2
i p2 Vexzt 101 Ven trance —

P2 P P2 P
:[L_LJgf
P2 P
1 1 5
v —— — (O (3-25)
£ P

S B s R B R > g il B[ AP, -
HERNRBMEZER » LS/ > (O)IEE B B— B ST ETA
LA > BRECME RAE KA B IR R BB UK, > ]I

AP — [
e=71<Vf—V;>+Ke <~ (-0 -K) (3-26)

2
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AT LSRR T

AP = AP;+ AP + AP + AP,
2 2

_G: {(1 o' +K) A L]
2 pl IOmAc 102 IOI

P = (P17P)/2

)_

(1-0°-K,)

£>

35
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¢ SERI 7K HIK,

e

E(ERRE
Kays and

London, 1984)

Kc and Ke

1.3

1.2~

4(L/D)/Re= o0 —f—

Lan{fﬁar O OO
0000

1.1

=O:20 TN\

1.0

0.9
0.8
0.7
0.6

0.5
0.4
0.3
0.2
0.1
0.0

-0.1
-0.2

Ko \\\,

-0.3
-0.4
-0.5
-0.6
-0.7
-0.8

Turbulent )
Re= o T
10000 ——= A

3000 =

5000——1 7~

7Y

| |
K, Laminar

4(L/D)/Re=0.05—=

\
N
AN

0.10—"]

0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0

)
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Kays and London i #5 H: » 401 BT 70 B85 A B M 50 28 S P e
BRT PR SR (A8 3-18) » AR HErs K ELK 7 Y BR [k fce 2 DAY BE [ o 7 i L 2K > Kaays

and London J % 75 {805 ig A 477 F B 4 L B3 1 P 2 I Y B o B R A2 T (7 R R e &
fF > BIK.=K=0 > FrLAF3-27 [ LB K
. (@) FE Mg v
ap=Yc | 4 PLry+or) 2o -
20| 4. p, P —o s
N
9 ‘\4\:\\\;—

= 7 PR~ —
o NSNS ——

O
O
C) (b) & v Al
O
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B3-3-1 © — & & stripfig 7 AVHIGEUE R E 3-19F R (B ERPRE ¢ Kays and
London, Fig. 10-56, strip fin) » ZAXZHASSAVE BT ¢

Fin pitch = 782 fins/m

Plate spacing, b =2.49x 10" m

Fin length = 3.175x 107 m

Hydraulic diameter, 47, = 1.54x 10 m

Fin thickness = 0.102x0~° m

B =2254 m°/m’

Fin area/total area = 0.785

L=04m

A; =04 m’

T AR BSATIR V= 10 m/s > SAE BB EERIEIECE T » BBEC IS A4

R - BER LB RAER  EHOBER o =1.145kgm’ B p, = 1.1 kg/m® ;
S viscosity 1= 188.7x107" N-s/m”
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3 3-3-1 fi#g :
Eﬂﬁci % L}"'"%J HERCHSEE AL SLBORT - 40D, f 1 RILIES R A SRR
HETREEL > TR AT — AR B3 BB - FERRAT 3-S5
b RO S T S BHVIBTE - BIR3-2  Dy=40/p
o= Dyfl4=0.00154x2254/4 = 0.868
G.= pVy/o=1.145x10/0.868 = 13.19 kg/m*s
Repn = GoDy/u = 13.19x0.00154/(188.7x1077) = 1076.4
HE 5 f~ 0.044

AP=G_3{(1—0'2+KC) oA, 1 (1—02—1{)}

2 A P A, (p_z_z)_ 0
T BAARE LRI ST /48R & B0y B 2R G T & -
(a) i B4 ER {7 B R
s
K.~0.1>K,~002; Zp,=(1.145+1.1)/2 =~ 1.123 kg/m’

1-0° +K ~0.868
AP,-=—” ( o’ +K,)|_(13.19 |(1-0.868 +0.1 e
2 Py 2 1.145

(b) JEEIHS 7 Y BR
H Dy= 44.L/A> L=04m .A/A.=4L/D,=4x0.4/0.00154 ~ 1039

2
APf=G” {Li}:[lilﬂ(% 1039) 3541Pa
T2 p, A, 2 {1123
(c) HEE(LHEERE
2
ap, = G {XL_L)}:(WJ (2@_;)}622%
2 Py P 2 1.1 1.145
(d) M O 28 82 K 0 1y Y JBR e

_ _ 2
_G! [ (1-0o> K)} (13.2192]( 1+0.816213 +0.ozj:_1792Pa

~HABRRE AP = 26.3+3541+6.22-17.92 = 3555.6 Pa
AR ARBIRRIAP, i 99% |
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SR s BRI R T,

FH e E R CC(Reynolds analogy)ifiiZk B JtlEEit _'61/)ng«< 2
PEEES VBB AV L(AM) L L EHFHY B E (M) - F R FEE
HIZE LAV L Lo pe iIRAFNF EQ, 4

W AMIM = AQ/ Qo (3-30)

7,dA  hATdA

k

(3-31)

r

Hr, REEH _EMVEEEEIIE Y] » it BN ERRLL oV > HfS ¢

— v (3-32)
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FH
£ =f x> PV (3-33)
2
b _ [ 120 -
pre, pV
L_h _f (3-35)
pve, 2
Y H#Stanton numberfY EF » St= » [(RIH:
pre,
= St=f12 (3-36)

ar LR P 3-36HTHEEND A 2R BGE ¢ 19305E1X > Colburn EEFFAR_EA[FR
#E(Pr 5 0.6 ~ 60) B TAVE A 3-360VE 5 ; M3 FxX X EIRME TR

StPr*” = f12 (3-37)
SR —ENEE A > LA Colburn j factor HLEFRL | ¢

j=SPr*? (3-38)

J=12 (3-39)


http://www.nctu.edu.tw/

z 38 K "?’ 42
1l Chiao Ti Tmiversity

A ErAER Rad g j = NURRAERRER A ERES )
ZAMNEE g R Gar BRGNS ghEsEHBsynm e

LA
(ﬁﬂHﬂEH%%m A EREMPAAERERTE ? EXLEREE -
h

J=ﬁgPﬁ Kot RRE  —RAVEEglae RN ey - B0

TG R G/ N R A S T -


http://www.nctu.edu.tw/

&z 3@ A .

Narional Chiae Tun__q IBFITY f..'I'SII‘J

1®

T T T T TTI
| T2 AR # R HEE N=1
oA EEE W=595 mm
N A E 5 E H=355 mn
§ d. =10. 34 mm

P=25.4 mm, P;=22 mm
0.1 H O (# B A )=0.12 um

”‘\ F, (# R B2E)=1.28 mm

:g . [valuer, N

— RS A i R BRSBTS Y BOREHEG & HUIE — iy N

TR IR A4 R AT N D [ ¥
EEW =595 mm \k
S EH =355 mm \
BN = | oo M
ESAEMNIMEd, = 10.34mm N
4 EE 5= 0.12 mm i
i | B [EEIEEP, = 25.4 mm 100 1000
fi& R HUHeRIEREE Py =22 mm Reyy, (= G.DyW)
B e IR F B ZE R4 m/s - B (1) ERVIEAERE (4 5 (2) BRYUEELD

(0): Q)EMEE ZHHTE » (4) Erd ABENZA]E ? S)ERIVERE (V)

=4 m/s); (6) THYERE(EATHASEH A 22 R HYEE B35°C » p,= 1.145 kg/m’ » 4,

= 188.7x1077 N-s/m” > cpo = 1007 J/kg-K > Pr, =0.71) °

/4
*
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(3) HEBREL Ewy H4E

(4) WMREFERNAMLES/EENRREYES(EZ ErE: > Al A
fEA

P1
Eu, Eu(‘ﬂ (5-12)
Hy,

/

Hft MEwRUEE IR ARG E - moR USRS T LRERETE > 5
A

0 T B e U7 1000
P1=<-0.0018Re+0.28 T i o A A PR A T2 (5-13)
(—0.0026 Re+0.43 o T A 1B B TR 2 AT
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j=0. 134Red0319 s
FL 5,

-0.927
f=9.47Re, " £ i
’ du Xd

/\El:l
JB+ R
X=Xt "I
2

Rabas et al. (1981)H] # Hi & 8 e 6y 77 IR KA F -

F 1.12 r 0.26 5 0.67 J 0.47 d 0.77
j=0292Re} | 2| | = L] |==] |=
’ d(l FL Fi do 5}‘
0.25 0.76 0.73 0.71 0.38
f =3.805Re;> > £ i d, 4, b
“ \d,) \r) \a) (B) (B

H

n=-0.415+ 0.0346(61"]
F,

S5 % B 30 5-20 % 70 5-21 {8 38 F 7 48 DU _E O B4 5 ﬁﬁsm&w‘
240538 FE R 6HE LA+ 5340 35 5 2 5% 45 8 8 A1 2, B 1 5 B -

) é\‘%ﬁ %) Lg] 25 é’!‘%

48
L kL ;%(
ARV K
O
(5-20) =7
K
(5-21) e l
i) 3
S @ W/
dezzr do=2l”0
(5-23)
(5-24)
(5-25)
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(% j(Re—looo)Pr

¢, f =(1.58InRe—3.28)"

_ 1.07+12.7\/% (pr>-1)

0.14 T n
| Hp | 1y

BREKNEREANEE AR HBIBARRET  HAAE —SLFFE > WR
PAD, = Ax& miE T/ E B RN ESE > Ale{§8]D, = (D, — d,)NEER(GE =
TR —E) ABEaEHRERAIINE ES LI EEE FAVEVERER - Bk
HAHI Dy, = 4xAc/(nd,) = (D — d,*)/d, -~ 5 W T8 B A o] & di i & 3 4 E
o 0 P4 Taborek (1998)E1 Hewitt et al. (1994)#[ 2 ( H AR LY /K T E LR
AVEHBELERFERYETE > A48 Kakag Bl Liu (1998) Bl Kern (1950)HI/&f Dy, .
EENu NEBEECGENYE  ReEEEE(IERAD, » £E% =08t
RERRNEZE  FNBEEMERL > D, = (D, - d,)# % ; 2 a8 TRl
FeiE % > BRI {775 (& H Dittus-Boelter J5 12 =X B¢ /& Gnielinski 2 &8 g = >
H R 3 B K2 8000(HEDH, 2002)
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Taborek (1998)75% & Re < 20001 > ®J S8 AT MY HHEE

0.8
D 0.8 D 0.5 0.19(Re Pr lzhj
Nu:3.66+1.2[dl} +[1+O.14£d"j ]

D 0.467 ¢
1.07 +O.117(RePthj

NSRBI (8000 > Re > 2000) » Taborek (1998)7 ({5 FI A1 FHYHER,

Re
Nutr o Nulaminar,Re=2OOO + (1 33 _ ( 6000 jj Nuturbulent,Re=8000
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th W,0 W,i W,0 d
T=—""—""Inr+ Tw,i——d’l =£
In—2 In—2 (8-6)
d[ i
il
T .-T T -7 .
Q| =—kwAr£ =—27rkWrLW”—W’”l=27zkwLu (8-7)
" dr d, r d,
r In—2 In—2
d; d

X Q:Qi:Qo:Q

7

27z-kwL(Tw,a - Tw,i)

'.'Q:UAO(T;_To):hiAi(];_Tw,i):hoAa(Tw,o_T;)): d (8-8)

=T, 1) =)

anZ’”

Lo@g-r)=L+ L4

= U4 WA, h A, 27k, L
lnﬂ
11 d,

l

—= + 1
= UA hd, hA, 2k, (8-10)
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51 & 7, Engine oil

'k, Water

0.0483 m

= ¥Example: —1

0.04094 m

370 K

~.

323K ¢

340 K

| Yy ——
7 617K BT B 11 R 4 T - L
m,,; =1kgs, T, ,=370K, T,  .,=340K
water _O 767kg/S, water,in _3O3K
EE =S B '8 fy Carbon Steel (C = 0.5% >k, ® 53 W/m-K)
AR EEERTRENBEREESL DA ?
Ta<) Poil (kg/m3) Coil (kJ/kgK) Hoil (Pa~s) koil Proi] T Pwater Cp, water Hwater kwater Prwater
(W/m-K) (K) | (keg/m?) (kJ/kg K) (Pa-s) (W/m-K)
370 841.8 2.20 0.019 0.136 305 303 995.6 4.182 0.000798 0.603 5.4
360 848.2 2.16 0.025 0.137 395 313 992.2 4.179 0.000654 0.618 4.33
350 854.0 2.12 0.036 0.138 550 323 988.0 4.181 0.000548 0.631 3.56
340 859.8 2.08 0.053 0.139 795 333 983.3 4.185 0.000467 0.643 2.99
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SHHTEBIELE = (Cpoitin T Cpoitou)/2 = (2200 + 2080)/2 = 2140 J/kg-K
O =1i1,4C oDy in = Ty )= 1% 2140% (370~ 340) = 64200W

~ K HY B R B R

0 =303+ calalll =323.03K

M, .0 C 0.767x4180

water™ p,water

T .=T. .+

c,out c,in

NS 4, = %df - %(0.04094)2 ~0.001316m>

Gy = 1y Ay =0.767/0.001316=582.7 kg/m” -
ERE B
Rel. _ Gwaterxdi . 5827X004094: 36474> 2300 = %}\jt[[\‘jﬁib'

Lyrer 0.000654
Fi Gnielinski /5 f2 = (2 1-8)
£, =(1.58InRe,—3.28) > =0.00564

0.00564
(%)(Rei_lo()())m;, _( 5 j(36474—1000)><4.33

1.07+12.7\/Z(P1;2/3—1) 1.07+12.7 /0-03564(4.332/3_1)

= JxNu,_ O.618x198_ ) o00q oo
d, 0.04094

Nu, = =198
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Bt (1] By e 1T AR

4= %(Df —dj):%(0.0752 ~0.0483)% =0.002586m’

BRMAEY KT EE
Dy, =D;—d,=0.075-0.0483 = 0.0267 m

.Gy =i,y 4, , =1/0.002586=386.8 kg/m® -

oil
TR
G,,xD, 386.8x0.0267 IR
Re =—2 2 = =341.6 <2000 = J& it iEh!
@ i 0.030233 F/)IL/)IL%)J
FH=(8-3

0.8
0.19(Re PrDhj
L

~0.8 0.5
Nu o =366+12 2| 4|1+014 2
o d d D\
; ° 1.07+0.117( j

RePr—=
L
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AR EARERAEDP R AR BRGSNRREL > N M08 Z e —
{6 R & > B e A AR B R E K350 m - Al

Nu,,=5.59
B = k,,;*xNu,, _0.138x5.59 _ 280 W/ - K
D,, 0.0267

((Th,o —T..)— T, _TC"’)) =41.8°C

T}zo _T;i
In| ——=
Th,i_T

c,0

LMTD =

d lnﬂ

1 1d, 1 ° d

(8-12» —= + +
EEI:_EE U nihi di noho 2kw

Hin =n=1 HHBERXITSEEHNCAGTER > #FU=285

W/m?-K
o A =nxd,xL= Q/U/AT,
ML =355 m» S (EAEREERERS > EROSEA355.Tm
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EXample: 55100

R T ANEHRAIHENEE  EHWO NTEEE » ERIEREE - HEHE
5] o 3w e E AR AVE E VRV Es R Ry ? 55 BY M B L E Carbon
Steel (C = 0.5% > k,~53 W/m-K) > fEEHEEH=0.013m- & EE
RN =60 &R HYEE o = 0.0009 m -
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- N | Z}/g’g\ /5\"" HI i %, $ B - 5 =1 B
Az 38 /¥ 18 L ) ) R (5 B B A o D

Narional Chiao Tung University Q = 64200 W
h; =2988.9 W/m*K
R (Y & R

A,,, = BT — B TR = 2 (D) ~ )~ N x5, x
= %(0.0752 —0.0483)* —60x0.0009x0.013=0.001884m"

BRARY K T ER
D, ,=44.,P,
P,= HEEE =2xNxH+ nd, + nD; =1.947 m
Dy = 44, ./P, = 0.00387 m

"G,y =ty 4, ,=1/0.001884=530.8 kg/m® -s

_GouxDy, _5308x0.00387
Re =_—o = =67.9 <2000 = [@iE
o . 0.030233 ):}l /)lL%jJ

EBHY > BEx —EFAR A RE L =20m > HJE8-3

Nu,, =5.18
k,,xNu,, 0. .
oy = 2 Uou _ 0138526 _ 104 7 wim? .k
D,, 0.00387

nirp— T =T =@, = T.,))

Tho _];i
In| ———
T;t,i_Tc,o

=41.8°C
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e, 8-11 » I
1 1 1 1
= + +

UA nihiAi ﬂohvo

AT

1

RHEE MBS S ZHEA =4, = PxL > HHBP, A EER G
EREE2xNxH + nd,); (5 FBRHEREARAR(EIENAREE) -
ARG S » Pr=2xNxH + nd, = 1.7117 m
Fr DL b =X 7T e 55

1 _& P N by

U hd, nh d (8-14)

o 2rk,In—*>
d.

1

Hrfn,=1-44/4,(1 — ny)
EZK@UEFI ’ Af/A0: (Pf _ Tcxdo)/Pf
R SE g, = tanh(mH)/mH (FSEE=%

2h,, 2x184.7 P
m= - = =88 m
k5, V53x0.0009
. ny = tanh(mH)/mH = 0.713
MEBMBER, =1 - AJ4,(1 — n) = 0.738
FH 7 A B 2% o R A S8-141% » AT15 U = 41.68 W/m* K

. A =nxPxL = Q/UAT,, = 36.85 m’
BIL =21.53 m-> EEGREERERNL > EHENGER 2156 m



http://www.nctu.edu.tw/

67

AR E AT

Y

& 8-12

Fs?g’—ké?}\‘ %Fﬁ'agmf’?:l‘?h%]


http://www.nctu.edu.tw/

I TR,
D
Y o @ == o
b o
O
| B it WJL
N ﬁ & @M@
M L | ) = = I —
&Hﬂ

El8-13 I EEAEAHES (a)

ERIE

£ 5 (b) Efllest  |ENRERE

=]

=52 BN

I


http://www.nctu.edu.tw/

i

8-14 IR{HIEEHE

lﬂ z 38 K

Narional Chiae Tun__q UMI‘I’{."I'SII‘J

3 — ~7
%Q%Z/ NE

i

=Lk

—_—

];1 int —
(a) B

HE 1 C(W !

(b)



http://www.nctu.edu.tw/

@a;i

1.0

0.9

F
0.8

0.7

1.0
0.9
0.8

0.7

W 8-15

:]

70

Narional Chiae T"n__q IBFITY f.."I'SII‘J

1 Series 2 Parallel
TTﬁﬁﬁsgxx\\\\\ -
R=8 6 4 2 1.5 1.25 .
02 03 0.4 0.5 .
P
1 Series 4 Parallel
0.2\
R=8 6 4 3 2 1.25 090.8 0.6 0.4
IR \ \ \\ \ )
01 02 03 04 0.9
P
P kA FEPSR B % (FA kR ¢ Hewitt et al., Process

Heat Transfer 1994)
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B 8-3-1: 4[E8-16 > — Bk = £ 40 B fH] B2

KA R
m.=1kg/s, T ,=35°C

my, =2kgs, T, =90°C
cpn = cpe=4180 J/kg-K

BRI DLK SR BAL $2 - /4 7K B

2

B — B A5 HY UAE 555000 W/K - 55 72 BOK Y H T8 & A {mT 7

Hair-pin Support

A

£k T

1T7 J

= )

’[ ]
Return Bend Housing

ESR

Fokdi e

B 8-16 &|8-3-1z: P [
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REIEEIL T U4 BIRE » 8B N AMRIZ A a8 /Y B PR R~ B LR
FERETHE HIEWUAME - ARE & —Ratingfy i & -

% R 205 (B B B SR AR + #UA = 2x5000 = 10000 W/K

g =(8-49 > O=UAy(T,;,-T.;)

Ft DA
T,,-T,, =90-35=55°C

mc, .
R=—22°=05
myc, p
fxgx P=0.7 - Hi

~ P(R/2-1)

I {(R/2=1) AR/ )11 =PR)Y2 +1/(R/2)}
0.7x(0.5/2—1)

) In{((0.5/2=1)/0.5/2))(/(1—0.7x0.5))2 +1/(0.5/2)}

=0.4112

O=UAy(T,, ~T,,;)=10000x0.4112x55=226170W

FiT DA 72 (R B2 260 ) TR FE AT o3 st /a0 T

T =T, —— o _ 0— 226170:62.9°C
’ Tomye,, 2x4180
1.,=T.  + _Q =35+ 226170=89.1°C
’ Tome,. 1x4180
i
1.,-T.,; -
poteote _89.1 35:0.983
Th,i_Tc,i 90-35
e E B EC. TR - NIt A EH ek > BEBESEBR > &k
EFEWMT ¢
P=0.7753
0 =178253 W

T.,=77.6 °C ffiT),=66.7°C

«T
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BB e BRI E /£ F—EINEDEME > EHEMoEVERRE - EIEETE
BIEE » A= HE BN BAEMOIEEREA E s AMHIAEE - A
N Iﬁﬁ’ﬂi&ﬁﬁﬁé\%@ﬁﬁﬁﬁﬁﬁﬁ »D,=D,—d, -

Bl 8-4-1: —EEEEE A AR WE8-17FHT R - /2 /KEBUKHY A Tk

RS I 7KOR AT
m, =1kg/s, T, .. =303°C
iy, =2kg/s, T}, .. =333°C
D;=0.075m, d, = 0.05m, d; = 0.044 m, L =20 m

ir al i (5 FH 5% A R s Ry o R B U2 (U Ay JBR ek J5 fe] 2

L=20m

-~
% R=03m
i I‘ |
= 1
I | f &
= |
| |
£ ip)

B 8-17 5]8-4-1: P M
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BRI -
0 BR R (6 5 By AP =25 . O

1

d' 2pc

fi f=0.0791Re,*
ENIEEE A, = %df =%(0-044)2 =0.00159m’

~.G, =m, /A, ;=1/0.00159=6288kg/m" -s

Ro, = OeXdi _ 6288x0.044 0 oo

K, 0.000798
f=0.0791Re,** =0.005764

2
ap AL p G _ 4x20
d. 7 2p ~ 00044

2
628'86 =20346Pa

x0.005764x

FH X hairpin (878 )Y ECE! - 4 W 8 2] 2 - B DLW (i (=] 850y 98B Ry
2xAP. = 4069.3 Pa
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BRI » FTARETTto (1959) FFHHR i #9182 E

==

E2x10* < Re, < 2x10°) :

2
aP=k e
2p,
Ho
-2
0.008733@;(% zs;Re(ﬁj <91
r r
K =

0.84 -2
0.00241B¢ Re°-”(5j iajRe(ﬁj >91
r

0.5 2\ 025
RY r

fc[—j = 0.00725+ om{m(—) J
7 R

R -1.47
1+ 14.2(-} EHeg=45°
r

0.95+17.2(£j %ﬁ(ﬁj<19.7
B— r r

1 E(EJ >19.7
r

R —-4.52
1+116(—j o =180°
r

Hp=90°

DN
r=d;J/2=0.0375 m

R/r =0.3/0.0375 =8
ABIE > ¢=180°

s B=1+116x(8) *°* =1.0096
Re(R/r) % = 35456x87%> = 554 > 91

0.84
.. K =0.00241BgRe "’ (5]

r

= 0.00241x1.0096 x180x 3545617 x8%% = 0.423
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7 (2 )
2
R BE R 5 AP =L . G
D, 2P
s (1] ) 7 T

A, = FE IS = %(Df —d?)= %(0.0752 ~0.05)% =0.002454m’

BRI K D EE
Dy, =D;—d,=0.075-0.05 = 0.025 m

.G, =m,/ A,,=2/0.002454=8149 kg/m® s

_ G,xD,, 8148x0.002454
T, 0.000467

£ =0.0791Re > =0.005473

2 2
ap =L G AX20 o sa3 8149
D,, © 2p, 0.002454 9833

FEIRREY > EHY A W8 [a S o Bt DU (8 [a] S0 S8 BR e By
2xAP, = 11827.5 Pa

=43623

=59137Pa
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Bz % gﬁ% ;- & 2 4% £ (Shell-and-tube HX)

F 2B F2LY 9% F (non-compact) °

oy 3

o whAIF L BAENRIFE BRI F A A > Fp by g
BRGET b oo

CTREPFEH NI AR BL s A E X 01 (FREE AL (F
o5 Y
n 'E_a °

ST BELRRNET HE
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Stationary head types Head types

W1 D 1| =

FIXED TUBESHEET
LIKE "A" STATIONARY HEAD

i
[

. N
Channel T R .

=9

[ m——]

S
<

JL FIXED TUBESHEET
LIKE "B" STATIONARY HEAD
Two pass shell —
with longitudinal baffle 57
" :I\j,
T N ﬂ
Fixed tubesheet
:[_:, I /)_\_/. G [ H T “ J like "N" stationary head
/ V) )Q Split flow N
P
ﬁ / \ T il Outside packed
H - m floating head
i i ; ’ H T ——

/
\

1
i I L Double split flow I AW
Channel integral with tube- S =1 =
. sheet and removable cover Floating head
< c T with backing device

= (/]
1 1
N il Divided flow T
i T Pull through floating head
Channel intel with tube- >
sheet and removable cover K H
— 1 1 U )
— Kettle type reboiler =
M = U-tube bundle
° ——] i
X T W
. T 1.
Special high pressure closure Cross flow Externally sealed

floating tubesheet
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Tube layouts

Kpitch
Triangula Rotated S Rotated
. quare
r triangula 000 square
30° r 45°
: 60° . :
& Typically, 1In tubes on a 1.25 in pitch or

0.75 In tubes on a 1 in pitch

¢ Triangular layouts give more tubes in a

S

given shell
Square layouts give cleaning lanes with
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Bzidrd
Cow-finned Tubes

¢ Flat end to go into tube sheet and
intermediate flat portions for baffle

L

& Available in variety of metals including
stainless steel, titanium and inconels
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® 2 318 ¢

L EiaF J_;E:EH" .ﬂﬂ T‘Iﬂll‘l’ﬂ Uﬂil’fﬂiw

ube-side enhancement using

Inserts
Spiral wound wire and twisted tape

& Increase tube side heat transfer coefficient
but at the cost of larger pressure drop
(although exchanger can be reconfigured
to allow for higher pressure drop)

& |[n some circumstances, they can
significantly reduce fouling. In others they
may make things worse t

& Can be retrofitted :

Twisted tape—— n
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[ I I
Wire-wdound inserts (HITRAN)

&

&

‘ ‘ " Q "m % = '3““ 3
Ve AW
1‘\‘ ‘; ;“\ \ “ \\‘r. v o

Ilf f” .
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238 7%
Front head type
& A-type Is standard for dirty tube side

& B-type for clean tube side duties. Use if
possible since cheap and simple.

A mJls B

30

Channel and removable cover Bonnet (integral cover)
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“More front-end head types

¢ C-type with removable shell for hazardous
tube-side fluids, heavy bundles or services
that need frequent shell-side cleaning

& N-type for fixed for hazardous fluids on shell
side

& D-type or welded to tube sheet bonnet for
high pressure (over 150 bar)

B T C;i N I [C D ﬂ;
 — 3 f ;_3.;3
rogsean — F:::::% En-___.j —_

b
Il

L)
|
|

1

w_y



http://www.nctu.edu.tw/

o (HI 2R =
& E-type shell should be used if possible but

& F shell gives pure counter-current flow with
two tube passes (avoids very long

exchanaers) .
Longitudinal baffle
i ] T g 3
En T F —-
S ————
L _L L - _L h
One-pass shell Two-pass shell

Note, longitudinal baffles are difficult to seal with
the shell especially when reinserting the shell after

maintenance
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5\%77 nX{EU} J 4@

¢ G and H shells normally only used for
horizontal thermosyphon reboilers

¢ J and X shells if allowable pressure drop can
not be achieved in an E shell

_______ meme- -
1 Longitudinal | Lt
Split flow baffles Double split flow
J Il X 1
1 1 I

Divided flow Cross flow
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National Chiao Tung Ume e a r h e a d ty p e
These fall into three general types

& fixed tube sheet (L, M, N)

¢ U-tube

¢ floating head (P, S, T, W)

Use fixed tube sheet if AT below 50°C,
otherwise use other types to allow for

differential thermal expansion

You can use bellows in shell to allow for
expansion but these are special items
which have pressure limitations (max.
35 bar)
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Jm ol Clic

F”lxéd rear head types
L CIr=T1,

ha_ﬁ']}’_/-\_v'

Fixed tube sheet

& L is a mirror of the A front end head
& M is a mirror of the bonnet (B) front end
& N is the mirror of the N front end
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02379
Floatifig heads and U tube

Allow bundle removal and mechanical
cleaning on the shell side

& U tube is simple design but it is difficult
to clean the tube side round the bend

)

- 3

I

=
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Pull through floating head Similar to T but with smaller shell/
Note large shell/bundle gap bundle gap

Split backing ring
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Other floating heads

¢ Not used often and then with small
p exchangers \V

(S0 B P

— =] Ej h 'i

= bR
=77 ":‘r—‘_‘:g——d
— N

> ]
Outside packing to give Externally sealed floating tube sheet

smaller shell/bundle gap maximum of 2 tube passes
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OPE IR &
e E Btk A S R

O ZHVE shell By 807 H AMERCR R (EIVZHE » Rl
F faz A] gE[E FHE shell -
¢ WERFMAERCEEZR/N > A]FEEFHF shell (F, &) ;

(B0 E%%‘UE Rt YRR E R © F shell S 788 S a8 5 1
HTIHAE BE

o WRFRAVEEESIRSG - AL EEM J shell © A4
2MERER g ThEGE -

& ISR FF shell{/5d A e A BA YRR ] » B DI =
G Z¢ H shell -

¢ WERMNIVREIETE KN > AZFEEHX shell - {HEVVEF
ErERHVIERCEE T A - DA e REIHY A -



http://www.nctu.edu.tw/

¢ (a) Bonnet : % %6 H N E NEOE REV S
(B ) -

¢ (b) o[ E="E%%Z Channel head
removable (AZY) -

& (c) Channel head integral with tube sheet
(CHE) -

97
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¢ [EHENE W&H@MRAM@%@ T HEHERCAR
Hﬂﬁiﬁ% HE fﬂ'?%&ﬁ%é%lﬁl%/%&tt@%%ﬁ  — i
AT e A= ey NI LA E e _EEH > BEZ=4£100
SF (56K -
o U S EAE S A B TR AR » ELFUAR
Zﬁéﬁ%ﬁ xﬂzdﬁ%jﬁ 1EI KEfz e Lfajﬁﬁ/%fﬁ

t%%@%ﬁﬂﬁ&? ELIE St
8 P Aom 2= TAE RS E

(c) Internal floating head exchanger (d) Pull-through floating head exchanger
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& U E T HAZE E O

“k 2. %, Shell flange
- 99

% 4, Tube sheet
stationary)

.

Channel
flange

k2 R

%ﬁmﬁﬁaﬁﬁéri%iﬁ
BRI BN Ry ] 8 Y
/NI mEfUMﬁ&K et B ERF = E A

ass AN S SN

£ i'jJDEI’JF R Bk FF

IR “WkME§T5~O%1)%

@%%@ T e e (A TR RO E

TEMTHEEY) » 2

Ll

N ELHE TR & 2] 2 B8

T e ﬁﬂlﬁ:{ i

JERE > FTLUR Ve &/

[IEEREE

PR T [

/\—r/)lLEI/jIjJ

fﬁ@fﬁ%m

HREERR < R fE R elEE (baffle spacing Ly) > f&ifix

RIEEERVAE A[£75 3R -

KMEHE -

H—rEEER A E B EE
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100

%9_1 ﬁ‘%*ﬁ'}t#i&"‘ %*FE&&E (Lb,max)

do

4,
s}

B

g £ & (mm)

JZ Carbon & high alloy steel Aluminum & aluminum alloys

Low alloy steel
Nickel-Copper
Nickel

Nickel-Chromium-Iron

Copper & copper alloys
Titanium & zirconium at code
max.

Allowable temperature

19
25
32
38
50

1520
1880
2240
2540
3175

1321
1626
2210
2930
2794
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#ﬁﬁiéﬁﬁﬁg o 7 " 2 » 4] Segmental baffle
EHEERE R T
HER D NIt
wEEH  HEUR R
B[ElE i Ry ey e 0 A
%F'f\,\fmél’]ﬁﬁ ; —

(

&L @%‘%igﬁﬁ El/\j FEﬁ EE:KI: _ T Dlsc]Fe]t;il j(:?l;m%]lt baffle
/DEE2Ef(50.8 mm) o= oo

PA_EEE R10.5Ds
DS b1y » SR
S L ¢ é‘.j: SE= — oI )4
HtJ(baffle cut)EiE — Doughnut

ﬁi FEﬂ EE El/\j %%\ {%ﬂ‘}fﬁqi Lo ;}g,}; Or1ﬁce baffle
EHY IR : onee

S eSS <SS S
S N NG N U N N

V@@@@@@‘

:F 0000000 Y

0000000 Y

LM__131%+_67 zji?z \ by
_ 0 “ﬂ‘ of tubes

D. 80D, 400

S
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baffle cut (£ *

Bafftle

____________ _ | Main flow

102
rp bk By oK 8 M= 2
EDk S RIK - Pis al=2 - S )
3&:1’1-"5 L Lo Lo
__Eddies
Main flow

YRR Y)

AR KR TR ALE SN A
LI EPN R A
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Id
Narional Chiae T"n__q ey r..'l's:ry /1/,‘ Ui .:_r
s 2
| J1®

Doty N
Dt 1=Doyy -dg
Ods
Yot FHILT
ectg\ Bundle bypass area
- Window iy & b;jff?lezvut
No. of Row
in one O O &L bc
Window I O OO0\ 1
1 T\ i
Section \ éj @ — 1 Crossflow ¢ # #ik
Do(1-2 LbC) 5@ 2@ No. of Rows
Dy @QOQ 000 i(ljloneﬂ
LOOOO OO0 rosstlow
, P | Section
i B ‘ X 25
Baffle edge \® Q Q ) ‘ i
Bundle edge ~ L ?ﬁagi b;/pass area
EES LIRS - ) } = 3» ?F
FHEFS A . s 1
Opp = 3 u sb = —= |-~ W) (Bypass lane)
# ¥ (Tube bundle)
Dy -
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AL T /A ==

T EF%

N (—EFEIR T HERVE I E BEEL -

number of tube rows crossed in one

crossflow section, between baffle tips) :

Fe (BCEE/MENE SCRFTGHILEHS] - fraction of

total tubes in crossflow)

ﬁﬁ window H1 g A2 G it B A REH Y5 2

EHEE(the number of effective crossflo

St A

?\:\\ E
Oow

rows in each window N,_,) ° Bell tRI5E1E

rEml MY T

104
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& 7E T\ E s IR

& PETEHI SO HY B
(crossflow area at or near the
centerline for one crossflow

section) A,
¢ {HEVE BRI
& JNREE R R ]
¢ JNEEE R EE

tube bundle diametrical clearance)

App (F20p)

z

ZIN

z

ZIN
aEﬁ

H

——

H

——

§
i

' N,
=

AL
f‘% Asb

{(shell to

& F,,,/wfraction of crossflow area

for bypass flow » (X3F&5Z %5

FEFT{SHYEEH

——

H
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(30°)
Triangular Pitch

VIS S
(457) (60°)
Rotated Square Pitch  Roated Triangular Pitch

(90%)
Square Pitch

mEARRBENERE L > JHT

2
N, =(CTP) ”ﬁ’”
1

0.93  ‘EflIZERE[EIE (1 Pass)
CTP=410.9  E{IZHEREEE (2 - Pass)
0.85 ‘EffIZHE /=[] (3 Pass)

A, = (CL)P/}

1.0 45° B190° i
CL:{ il

(94
0.87 30° £ 60° 33fH]

106
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& g R i M e = BN B

W‘ﬁ@iﬁﬂ’]mﬁﬁffiemﬁ/\ A o S BRYNRE RenE - [ERIE

N BUNVERHYIM BR M 2 EE R E ARG -

SR SR AR EEEE N EH] o

SR E e EERE o EfRREEEENE M > DIEiE

TIEE -

S/ NI A P 5 R B e DL 0 25 (B B a5

SR ~ MY T A FHReg i = Ggdo/us = 1005@?/ T

Re. i < 10005 » o] By &R » & Recr.t 10005 ﬁﬁﬂ%%um

ﬁﬂﬁ @@Uﬁbulw@ﬁ AIIA] =2 it 2 m A fA 2B (R DU FE HY FE

ﬁ[l%'%F?@IVEEJIL%/E\Ej*ﬁﬁi’ﬂ@ﬁ%g%@ﬁﬁﬁ’ﬂf HELFHE » i e
FRENEM -

IR Ryl

B BN R E S
A LLgne A &2 NIk
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%_,\‘
>bL
=3
P
/i

gﬁ EETQE& (elo]elolelolele]e) (a) g 3|
@%@%m%@@& S e
o PRIAERET oA T
B PR e ; E.
(B i (A B T 7
TR GEET g e
impinging plate - 4% 7%J o e
@jg impinging rod /T ,

+ 1

2250 - | —>
= (m/s, R EEARRAE) ¢
Jo,
V}’l max = <
’ 750 x 1—-x
— <m/s F A AE A, B = + >
pm lOm IOG IOL
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A EHEE RETEE > Al KR PR A e 0 B

-

4500 i AN
— (s BT )
v —losge <mﬁ%€ ”“*Eﬁ%%,ﬁtlﬂc%%%ﬁ%%ﬂ%{fiﬁ>
n,max o (E{ﬁ@%ﬁ)ﬁ)éﬁ%ﬁ
1500 \ | -
<m/s 8 P A e, b — = x>
5 Pm P P



http://www.nctu.edu.tw/

110

Bz3dR¢ ,

2ol Sl g Urivrity. B T\ BN Mg AV HE TR
RUE O=UAAT, > 0=U,4,T,
d
Aln—=
_ N N

Hoe Uf: 240 GE = WmPK) » 4, 4v4, 5 gt e p RIB @5
oo frnfiE 5 5 7 & & 3 » & (fin surface effectiveness) » & ¢ p ?H 353
L Ang=n; =1
hyw BRI Z F R A8 Tadic> s PR A 8 Tl o
BIEFR=1/U,
BRI(E T ;,: RD-REIEFLR =1/M, *h,)

R 23 IR, =R/,
PR ! L#mR' (A,/A)*1,
BRI EE 23 PRI R,= (A,/4) *R,
B REICR, =4, "R,
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_ "oe
Nug,,, =

I's

4fvhle2 (N +1)

shell —

. _ 0.576—0.191n RC\,/,(//[
4](\11511 -

G.D

N @

Re shell —

M
G, =—*
4

1)

A, = C’L,D,/P,

C’'=P,—d,

_ xR
T ERER

0.14
/’lw

Iﬁl%iﬁ 'y

Narional Chiae Tu

111 {IWJ

r? 5&:§@ *—iﬁ?pp,‘~ ?K_%L'% /
(Kern method)

s

0.14
=0.36Re"> Pr'? [ﬁJ (9-36)

w

r

Cl

e

("

_ngj Kern Method P, ~ C"8{ EE T~ e

4 [Pf
4 :
- for square pitch
72. [
, P | 7d? (9-43)
2 2 4 . .
— for triangular pitch

M1



http://www.nctu.edu.tw/

[

& 2 318 1 541 —mERNRBEAFRFOT -
Narional Chiao Tung University &b%& Wﬁ—(’:{‘Ds =0.508 m

& IMRd, = 0.01905 m

&N Ed; =0.016 m

W REIEEL, = 0.5 m

BB RMEE =S m

P,=0.0254 m > P, =0.0254/0.01905 = 1.33

30° HE51 R E shell » B TAF 7R K A CURME 5363 K

(90°C) + JKHRE 525 kgfs + 4 B K ern 3 ff B BE e SEL AL 80 4 0

KEYHEEAT ¢
T (K)|  Puaer Cp,water Hhvater Kvater | Pluater
(kJ/kg-K) | (Pa-s) |[(W/m-K)
(kg/m’)

283 | 999.6 4.194 10.00130 | 0.587 | 9.32
4

323 | 988.0 4.181 0.00054 | 0.631 | 3.56
8

363 | 965.3 4.207 10.00031| 0.676 | 1.96
6

HZE #ME B Carbon Steel (C~0.5% >k, =~ 53 W/m-K) » & {{l| /K #Y #E 1 &
AT AR T E BB ¢ o TR P B rity, = S0KgS, Ty, o=283K
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2 EMmAEC =P, —d,=0.0254 -0.01905 = 0.00635
O U S O N

National Chino Tun__q Unhrcl'ﬁr_a] EE??E{&% E]/‘] 5ﬁ}E @%Z%Asﬂ EEI Et9'4 1 ;%i ﬁ ’ ED .
A, = C'L,D,/P,=0.00635%x0.5%x0.508/0.0254 = 0.0635 m*
-G, =m,/ A, =25/0.0635=3937kgm" s

2 2
4(§x0.86Pt —; ”ZO ] 4[0'0254 ><0.86><0.0254—; T J

4
b= 7d, i 7x0.01905
2 2
- 5030 Pl
G,xD, 3937x0.018 -
Re,, = S ¢ = - = 22468 = ZFEHH)!

0.000316

water

& &% property index fYRL FETR /N > (w/ps)" =1 > BT LA

0.14
Nug,, = hofe =0.36Relsy Pr'? [ij —0.36x22468"% x1.96°3 =111.4
K,

“h,= 0.676x111.4/0.018 = 4185 W/m*.K
4](;]16” 280'576_0'191nRes/1e// 280.576—0.19ln22468:0'2651

= £ =0.0663
IRV RS M5 m > fEREIEE £50.5 m » RLFERAEEHE & ¢

N,=5/05-1=9
7 41.,uG2D(N, +1)  0.2651x393.7*x0.508x (9 +1) _ 0T P
~ Blshelr P )0-14 2x965.3%0.018

2pD, (

w
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Fa
e éf CE' TAEUE Bell-Delaware Method e

F:

Window
effects

Tube-to-baffle

B leakage
_
Shell-to-baffle

* leakage

Bypass
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B BT R Y R B i B )

—+ 2, ~ ~ > d
BOF A RRE R A i

|

A stream : ‘EEEZVE EHARE -

B stream : {HEVE BLR A BT AR R 77 -
C stream : YN BVE LRSS HM A o

E stream : $EfELYNEEIFE YRR o

F stream : 25 [0|8 7 REGTIGFHIS HE -
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>y National Chiao Tung University Bell_Delaware MethOd

EplA Rty
d R ERA A EN G MIKEE 3 4 > F Bell-Delaware
AR AR EEFERRFALE > AHAF ‘«ﬁxw&»wmmx}

h.=h I xIxd X, (LI, X xJ.=0.4~0.6)

hy 2 ER AT A BRI E Gk
J o J o dy cJ T G AR RIRE 2 hT BARE ik

> h 5 T2 A8 Ak Ay %’i? FOE B TF"JG"J;?L B %8 5 Bell (1963)17 % 457
BT E R G s TR EA D Gl o A% Gl ¥ 12 & F]= 0 Coburn
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Working Range
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d

Linear Approximation

Jo=0.55+0.72 {
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2 JE (A + As)/ A, 508 T R

A,5=0
| (All Leakage
§ - Tube- to-Baffl|e_)
' &\ a Asix
sbTAth
\\\\\\\\ l
0.6 \QE;}
’ T
) NN
NN -
0.4 \\\9'75 \__‘\
1.0
\ \\\\
Ayp=0
02 (sﬁ”uLt kBgffl )\\\
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Agp+Asp
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\O600 & 000/ N o (No Sealing Strips) \%\
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0l®) OO0 — Rey>100 s
0]0 ®(0]e; - - Rey=100 .
0.4 S

% il % Bypass area
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Ah/Am

[
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Bell-Delaware Method(Cont.)

1itif L

QAR EE
P prmﬂ@“z? d = B ‘gpi%mfiuﬁ(;,l-g Br1E T
() d v B (Flaiedi v i FEER fp) o
(b)p 3% T 32
(c) Window ¥ 3 7R "%
a1 BT 48 R T Ao

AP[OIZAPC+APW+AP€

i

kL
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& R, - Ry B PN ERAYA ZE Rk EE RIS
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¢ R, AFTme5 a2 2Z(C & F stream)
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Ry
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\ Asp=
(All Leakag
" Tube-to-Baffle)
N
N
NS
Ay + Aw
\\\\\\\\0\\
0.25
N \E\ BN
0.5 T~
\\\\k\—~\
=
?j\ﬁlzgeakage B
She ]-m-Baiiﬂe)
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Agp + Arp
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5] 519-4-1 > & DABell-Delaware J5 /AR fH H - fEx 245 #4128 Ay split ring and
floating head A= > —LLiFEHY RIS EL T © baffle cut = 25% » KFZ
A (¥ F sealing strip » S54MIG e E H g B A FEE R > Ly = Ly, = 0.75

m > o B Y 8 Ak R BE B 51 9-4-1[5] » BIL, = 0.5 m o
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(2% B BB - &k B B BB V(AR EL
.%%&x?gﬁz%spht ring and floating head ! = » A H5[& 9-29 1] {5 1
Apy = 0.035 m > fir DL 9-56
Dy, =Dg— Ay, = 0.508 — 0.035=0.473 m

Duy=D iy —d,=0.473 — 0.01905 = 0.45395 m

A 30°8E%] » FFLLP, =0.022m > P, = 0.0127 m (&E[E9-15)
=t 9-48

t

=0.5x|(0.508—0.473) + Ui OIIe x(0.0254—0.01905)
| 0.0254
=0.0742m?
B DL A E RSN E KT E
V= My = £ =0.349m/s

pA,  9653x0.0742

pV.d,  9653x0.349x0.01905
L, 0.000316

Re =

=20300

% 55 7 il /£ E Bell-Delaware % 52 PAd, i By Re Y Ff 8 & & > 1fi Kern)%&
=D ERERE -
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2% 9-3F Al
a; = 0.321 > a,=-0.388: a3;=1.45> a,=0.519
a, 1.45

a= = =0.0578
1+0.14Re™ 1+0.14x20300¢°"°

@ 0.0578
Jj= al[lﬁf’] Re® = o.321{%} 20300°%°% =0.00684

t

0.14
Pr, = 1.96 » fRR&%property index ~ 1 ( ¢, :(iJ ~1) > BH=9-59:

w

h, = jG,c, Pr;?* =0.00684x336.7 x 4207x1.96 ***" =6186W/m’ - K

(2)FJ.
FH A baffle cut = 25% > .Ly, = 0.25xD, =0.127 m

T Doté Doté Doté

D,—2L, 0.0508-2x0.128
D,, 0.473

=0.537

+.F, =z +2x0.537sin(cos[0.537])- 2cos10.537])= 0.649
T

FH =(9-65
J.=055+072 F,.=0.55+0.72%x0.649 =1.017
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- BHARKMUAGEEENER - BA9-5

2 2
N, = 078{CTP) Dot 0785x (o.9j (2.45395 e
( )Zdz 0.87)1.33*%0.01905

RN EES A BEEHAE A B ARG R B A8 A, B
& NI " PUE ARy & B E ARG R

S E[E9-27 » ALy max <900 mm Hd, =0.01905 m < 0.032 m
#Ap = 0.8 mm = 0.0008 m » jfij &, = A,/2 = 0.0004 m

H #9-51

A, =md, 5, %(HFC N, = 7x0.01905x 0.0004><%(1+0.649)x260

=0.005133m?

i 9-55

A =3.1+0.004D, (P E {795 mm) = 3.1 + 0.004x508
=5.132 mm = 0.005132 m

Syp = Ap/2 = 0.00257 m

1 2L,
A, = ﬂDs5sb[1 ——cos™ (1 ——"‘D
T D,

1(1_2><o.127

=7x0.508%x0.00257 1— lcos_
0.508

D =0.00273m?
T

(A +Ag)/ A, = (0.005132 + 0.00273)/0.0742 = 0.1059
A/ (A +As) = 0.00273/(0.005132 + 0.00273) = 0.3472
H 7£9-66

Ay, +Ay
BN R
J, =044 1- A +0.44 1- Ay e An
Ay + Ay Ay + Ay

=0.44x(1-0.3472) +0.44x(1-0.3472)¢ >>1959=0.515
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(4) HJ,
H A 74 & [# F sealing strip * N,, = 0
FH £ 9-44

L
DSX(1—2 5j 0.508{1—20‘127)
v ! 0.508) _ . ss

¢ P, 0.0212

N, =0/11.55=0
HAINE N AP 5 E-shell - FrPAN, =0
_(Dy=D,, +0.5x N, xW )<L, (0.508-0.473)x0.5

: = ~0.236
sbp A 0.0742

m

FH R R (BT HY B8 3 BOR L 100 > R 9-68HY Crpr = 1.25 » HHF9-67

1 ENT>L -
s T2 —Cbpthbp(l—i’/ZNs ) —1.25x0.236x(1—2/zx0)
Jb: CoF (1 W) =e =e 20745
“~bphtsbp\ 1T s N>
e N <L
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(5) #J,
HH =9-47
N, = L—L,—Ly, |, , {5—0.75—0.75}1 Lz
L 0.5

L =1L,/L,=0.75/0.5=1.5
L, =1L,,/L,=0.75/0.5=1.5
HY Re> 100> n=10.6 (9-71)

HH9-70
+ )" +y" 0.4 0.4
Js:Nb—1+(Ll.)l HL) " s-rans s
N,-1+L +L 8—1+1.5+1.5
(5)FHJ,
A Re, > 100 > FHX9-720]41J, = 1
(OB EHIEH A,

hy = hoxJ xJ,xJpyxJ;xJ, = 6186x1.017x0.515%0.745%x0.935%1.0
=2363.1 W/m*-K
s B E M EHIKern A EERGERER (4185 W/m'K)
X I xJxJpxJoxJ, B{E 50.382 B EHEHAYEZETEHO0.6 K&
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(DEEER » & EH AR crossflow BER[F Apy;

FH 3R 9-3F] Al
by =0.372> by =-0.123 > b3 =7.0 > by = 0.5
p=— = 70 =0.334

" 14+0.14Re™  1+0.14x20300°

b 0.334
f:b{l'%] Re” =O.372x(%j 20300*'*=0.1098

B
H 54 9-74
2 2
AP, = MIGIN, _4x0.1098x336 72 X115 _ o)
T 2 2x9653

(2) EAP,
A Re, > 100 » lH=9-77 > n' =1.8 > FFEHF9-761] 4l

R = L) 4| Lo :[1,5-1-8+1.5‘1~8]:0.964
L, L,

FERER - HR9-79 > Cp, =3.7 » BHHTI-78
1 BN 2
R, = = o 37:023d1-V20) _ g 41¢

_Cprshp(l_s ZN:j
e

H159-46 > N.,, = 0.8(Ly./Pp) = 0.8x(0.127/0.022) = 4.62

HH9-75

AP, = APy(1 + Now/NORR, =297.7x(1 + 4.62/11.55)x0.964x0.418x2
— 168 Pa
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(3) FApP,
1 39-83 5 7y = A/ (Agp + Ayp) = 0.3472
F13X9-84 > 7y, = (Adyp + A)/ A, = 0.1059
H39-82 5 z=-0.15r,+ 0.65 = 0.597
HH 7 9-81

Rg _ e—1.33(1+rs )

B H=9-80
AP, =APy x(Ny — 1R,R, = 297.7x(8 — 1)x0.626x0.418 = 545.6 Pa

.605
o 133x(1+0.3472x01059% _ (3 o5
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(4) EapP,
Y 1 —-2L,/Dy=1-2x0.127/0.508 = 0.5

i 9-89
P 2
szﬂ cos™t| 1= 2Eee | [ 1 2Lne || f |1 2Lee —&(I—Fc);z'doz
4 D, D, D, 8
2
= 0'54?8 [cos1(0.5)—(0.5){,/1—(0.5)2 H—z—go><(1—0.649)><7r><0.019052
=0.02663 m”
H19-86
1 25 5
G, = s = =5623kg/m" s
" (4,4, (0.0742x0.02663)" 4
H19-88
0, =2cos” 1—2Lse | g gogrt[ 12X 0127 =2.094rad.(120°)
D, 0.508
H19-90
44
D, = L
7Z'd()Nt (I_Fc)+ ”Dseds
2
4%0.0234
= =0.0327m
ﬁx0‘01905X260X(1—0.649)+7z><0.508><2.094
2 2X7
H19-85
G2
2+ 0.6Nm)2—w & Re, >100
APw,i p 2
260wt Lﬁ—bg £0.0025% # Re, <100
p \F-d, D, 2p
2 2
=2+ 0.6Ncw)ﬂ =(2+0.6 x4.62)ﬂ =781.3Pa
2p 2x965.3

Rtk - window HYZEEARE AT HZ9-91GTEH AT
AP, = N,AP, R, =8x781.3x0.626=39142 Pa

(5) 4EPBR[FEAP,,,=AP . +AP,+AP, = 545.6 + 3914.2 + 168 = 4627.7 Pa
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Narional Chiao Tung University

F¥eap ¥

211-1 - B ¥ LPhR? T 2 b BB REERLR DR

1 ¥R BRAHFNFHRIAL BEER
8 ip M A& THFRRHE ik
(food & kindred 47 ! % ¥5 (milk processing) RIS
products) N v i

Mk % ¥5 (gas side) (spray drying) < &/1 K

T4 & e = &
FoE R % (textile A% 35 (cooling water) i &
mill products) 4 4 % ¥5(cooling water) i g
Lumber & wood 47 4! % 35 (liquid, cooling water) I

142

products including g % 3= (process side, cooling water) S 4
paper & allied 4 % 2= (cooling water) = &
products 8 £ i 2 35 (process side) %2

R4 %55 Px
it 1 &4 M OB * 47 0 B 35 (process side, cooling) vE

chemical & allied

¢ SEIRAVA R R o Ry =g e -
(foulant)_ S AGHY HL L R AR B SR g RET 2L A g s %5 )
INR ﬂﬁ@%ﬁ ME @%W%ﬁﬁﬁM%@ &

SEYRYIEHVRFE fﬁfaﬁiﬁ\““ﬁcﬂi SHYZRIE L 5
=i » R4SV 8 [ ~7 Uﬁ:@sﬁﬁ

R B
SSRGS A7 I ] R B B
LSBT » DS RO RE A R R

ER Lt ]

-
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\5‘ NS

¢ MrHi%55(precipitation fouling)

¢ [WNIghis(particulate fouling)

¢ (LEKIEZLYS(chemical reaction fouling)
£ TAEMASH EH)WEE’)?J“ SERPT YERS © (B2
S EGEIREBRahGE IR A [E] - BUCesaR AN A S ELR FE
(HRTRE R FE B e € 5 B & e
(polymerization) ~ Zdf# K7 [fE (cracklng) iBrGEIEEL
AMEEA Bl LT FAHE

¢ [Eah4hi5(corrosion fouling)

& JtlE4535(solidification fouling)

¢ 4£Ystis(biological fouling)
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Linear (a)

T r% ;; s
- Falhng rate (b)
S
"‘*é’ ﬂar e 4p
El T3 T
T Asymptotlc (c)
W2

—
—

¥ Hp H F1IE {&Eﬁe T’F:"; i+

*t—'J P Time, t
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AR
(0] l
R, =L 4R
S A fo
i
| 1
= +Rf
U, Ug
U, - 1 . 1
A /In—2 d,In
4, —+ér 4 r , +i+ rs+ +r
hA h AT 2xk L P hd, h i ., s
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HQc=0Q; =UcdcAT, = Urd; AT, » HAR11-12045 :

Uc

—=1+U¢R; (11-13)
Uf
i
A AT A A
Qc:Uc C m:UC C=(1+Uch)—C:1 (11-14)
Qf UfAfATm UfAf Af
AR E40 N AV IR ¢
Af
—=1+UR, (11-15)

Ac
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mK/W x 10°

2

10 40

1000 I I IIIIII| | |

100

10

(AT/ATL-1)100 or (Ag/Ac-1)100

k.

0.0001 0.001
v, (hr ft* °F /Btu)

F)i5 $= 2 _gfﬁ i‘a%\:méﬁ' ;}%%@ﬁ%ﬁ?’ﬁ
: HEDH, 2002

21 (%) (A %

mK/W x 10’

(1-0,/0,.)100

| ] 1 [ B ]
0.0001 0.001 0.003

7, (hr ft* °F /Btu)

FS R SR Mg @i oE A (%) (F
sl j\/}i‘l HEDH, 2002)
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National Chino Tung Lisey = S s TR 2 / 4a
YR ¥R R "E‘K

47, 1 )
AP.=—-Ff. -—pu
C di fc 2,0 C

4L 1,
AP, === . — pu
I d, " 2/’ !

H o N CHL 7y IR R HZ2 R LS YR AV RE - 2151 =5 Rz 5 L5 5 fR (4

A,

SN - : : V4 T \
THEERRR —&(H me=m, :dexa-xu,- =dec><pf xu,) o Hll A& H

5
APf _ i dz'
AP, fo\d,
LBy 5 YR TR BT B
o, . e
. = Ry PRI
! )

7?/, = SO ‘/",‘/‘;“'

d,In(d/d,;) . N

E/l“ = = EE
27k
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11-10) -

o &I T-(ZREFE = HA3m/S)

o HEENIRENZ%
ZESRIE Y

LA SR L R R 2
(Courtesy of Consolidated Restoration
Systems Inc.)
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Bl
»
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~
Rk EE
Cooling tower
_, Cooling water flow
Fow 3 iE |
IR T ¥ R TS & everse S
- = = Pump
i {
# 3 — —
& FHEE
Normal J7
/ . ?
Y
> -_—
#. % #% ® Heat exchanger
"~/
- ~/

T

Return cooling water Surface water Ground water
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& AEV4EYa LR TTA
o S LIFHIR i (oxidization techniques)
o MR HHIZEEFY fir(thermal treatments)
o HGAEF fir(irradiation techniques)
o HiE1 [ fir(ion deposition techniques)
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#ALFE R

ﬁiﬁ—’%ﬂEﬁTﬁH 8y oA v~ R B S U
€33 %TZH/\TW » I IE T PEERG) -
MR E e EEERRER N WE SR

AR 2 10~25% -

m%ﬁk RoH &2
8T B

{ERREA -
Aot/ N—EZEVMEE
B B~ [EEYE
/JILHE/%I%)EIJHTFEE%EE‘/E[[:
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AEREY ~ (EU5IEMEDT ~ A ERE) > BUE R
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E— A 2 EI 5] 7 BIATHA -

HliFE}ir HBIRE S P -
183 A[7#1°C » BRE R E9I3% -

iZTE@J R~ EAE S R AR ER LR o
SETEIAATHNEL BRI A A B
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I Y=Y N 2

¢ ()= (washboard)
¢ (b)Z75FAi(zig-zag)
& (c)l%!4y(chevron or

herringbone) @

& (d)zeH fz[4 A= (protrusions
and depressions)

¢ (e) _TRERZIEARMIG
(washboard with second
corrugation) -

s () tERIA M= (oblique
washboard) -

R ABIGEEER T - Ple) 1 @
RISHTE RIS -

8

IO0VO00000000VO0OC
0000000000000
000000000 VO0VOOO
ROOOCO00000000000
VOO0 0000000000¢

Q 000000000000 C Y\

\
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£10-1 FABMEHLE2L - B L

7 3 7
A 2500 m”
# 5 odEc 3 ~700
DN ol 400 mm (max)
= FER 0.3 ~1.2 mm
S 0.03 ~ 3.6 m*
# & E 1.5 ~5 mm
R R 0.05~5m
1 1F RS 0.1 ~2.5 MPa
1 %8 —40 ~ 260°C
B X iR 6 m/s
#iE g 0.05 ~ 12.5 m’/h
AR VT AR 1°C

%

93 % (mKX)

3000 — 7000 W/m?-K

158
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SEHE U # L 3 F el 3F

B NS AR (within channel flow
mal-distribution) -
7 H 5 [RERYA I3 E130E (manifold-

induced flow mal-distribution) -

A AR A B ECRYA 2 A)RfE (channel-to-

channel mal-distribution)

iy

‘?“
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(® Bz3d7%y
—IREF A B ATKCRERT0°C » SR ATKRE R
20°C > [LEVIT R A4191 J/kg-KEZ4181 J/kg-K » e/ Y RE
£ 57 Al 7%0.4 mEH0.6 m - BUKELS/KHYE 77 Al 7525 kg/std
25 kgls > HEMEAREHA000 WIm2-K - 1y 7 2RI 20 R 1-1
PEIRENZHE > WA BH /101 - (SEGEEEE B ?

#oker

oo

#okier
~,
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Narional Chiae Tun__q LTJlfl’c!"'-'fl‘J

AR IE T E M e-NTUE B E UA-LMTD-F » {H & & & 55 FH A — {1 5
A BENFR e EHRI0-2EV TR R - HHP-NTUR P12 KX H e2F -

E b e 2 /IR (1) MEVHETE (2)

F—F BB H fEA, = WxL = 0.3x0.7 = 0.21 m®

Rl ERE > —EE B IR ESENR R NV EREE S EE IR

BMERCOREIM A E N E R AN TFE) > e R A A& — EIREV I

5 [l f8 (projected area) ° Jﬁt%%‘%&%@%% 4 = (N, — 1)x4, - 55 % 5l

FEN, - 1WERE > 2R BIRNEAS MG E —RBE&RE—RRA F

55 7 — {3 A 2 H XA FAH E TR -

Rt 4= (N, — 1)x4, = (101 — 1)x0.21 =21 m’

S.UA4 = 400021 = 84000 W/K
C,=m., .=25x4181=104525W/K

c p,c

NTU, = UA/C, = 84000/104525 = 0.8036

FH A H B AR 40 > LR i R B R 5K AT (A 3 10209 AR 5 3

SEBAGIN] R= C/Cy~ 1 BB 10-1789 Bl SR J7 A2 =8 5 BN
NTU 0.8036

P = L = = 0.4456
1+ NTU, 1+0.8036

FHHA10-30] I KAV e= P, = 0.4456
X Omaxr = Cpind, = C1A, = 104525%(70 — 20) = 522625 W =~ 5226 kW
R O =& Onax = 0.4456%x5226 = 2329 kW
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- . et
Nartional Clhiao Tung University ?f\\ﬁ? E i[;[ i[\\\\lj

W

Q4 < 4% % (heat exchanger) & - @t Bzt ¥ %%’ d %% K (heat
conduction ) > #¥$7x (heat convection ) fr#4 i &+ (heat radiation ) %
CRAFERE S () P RERTEHE R R
EIAERRND o - BMEIBAAEFTABEL TR AHE L AR
(condenser) frzz# % (evaporator) * iz B R A 4frE g e 2 4
FRME BRI E - ARG LSRRG R fF o AR IR
Ay @ s (fin) %F34 2 o H5 85 ()7 £ 2 # F(fin-and-
tube heat exchanger) °

REFRIGERAN {J ::iff\
QUTLET T
f o
O
O
REFRIGERANT 1] 0
INLET i .
"~ fin AR FLOW
3 PASS COIL

Fig it ¢ ;' B2 # B 1 L B


http://www.nctu.edu.tw/



http://www.nctu.edu.tw/

Bz xd 5y s
National Chiao Tung Universiry ))\\%%fﬁ?g\ A ?’ 72&;17 E—J_‘

167

©)

Air fi : (J [i —
A T G2
T «G} % gPt
) RV Y
= I -,
- SO
TR [N

staggered in—line
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- w
Hzxh ALY .
___x.ﬂﬁonﬁfoma TII'?:Iﬂ' Uurvcrsrl‘y m\% E

A,=F B3 (m?)
At:i“;‘sg ® f# (m?)(primary surface)
A= 7 % ## (m?)(secondary surface )28

A=% F PIE GG f (m)
=44,
AFN B EES A (m?)

W=# % & B 5 TR & (m) d =

=& 7 §¢4F (collar)Z ¢ /% (m)
H=#.2 # B % A& (m)

(d =d,+2* &)
F,=ih 5 & pe(mm) N=i & #cp (= WiF )
6}23’5 + & & (mm) N=% ;}% S ﬁx(tube number)
P, =E}E Ny="+ #* #ic(row number)
P,=7}§E A=%] 7 § i & H (m?)(minimum

free flow area)
A fr=,éf9 TH B e E G fHF(mM?)(=WHEH)

168
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-' Narional Chiao Tung Universiry ﬁ%gﬁ%&x%ﬁ&{ﬂﬁ#(cc)nt.)

DIAE - B FA T YA A EE A HEENSR R G AT
EREW=595mm; 3 B H=355mm
FHBEN, =
7 AR d =10.34mm ; (d,=9.29mm )
w5 B R 0,=0.12mm
@ 7 e jEF, = 1.28 mm
i 5 O e & §EP, =254 mm

% e & 58 P=22 mm 2 g § L
S Ty
(DR HEFEww ff - Afr =W*H = 0.595 x 0.355 =0.2112 m?
(2) P]’J:,%{ﬁ tt (contraction area) (o) : o=A4 /A BE

PP R A B A Bl T F i AR (j;ninimum free flow area)
SEE 3 BE ] end BN, 5 (0.355/0.0254) = 14 %
d RS FEES 0.00128 m
srri R 4k B R 5 B No= (0.595/0.00128) ~ 465 #
A=Ay~ Np< (dx W+ Npx 8 (P—d) G2 + W)
=0.2112 — 14%(0.01034%0.595 + 465x0.00012x(0.0254 — 0.01034)) = 0.1143 m?
. 0=AC/Afr =0.1143/0.2112 = 0.541
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National Chiiao Tung University  H Eﬁﬂ\\ﬁ&?’ 7&;17E#(C0nt )

) = o 14,
A=2 X Np x (Px H—m/4 xd?2x Ny x Np+2x O N x (H + P, x Np)
=2 x 465 x (0.022 x 0.355 — /4 x 0.010342>x 14) x 1
+2x0.00012 x 465 x (0.355+0.022 x 1) =6.21 m?
(4) A E & F74,
A=mxd, x (W= Npx ) xNpx Ny
=1 x 0.01034 x (O 595 - 0.465 x 0.00012) x 14 x 1 = 0.245 m?
(5)Z # RIF GG ff 0 A =AH4,
A4, =A+4,=6.21+0. 245 6. 455 m?
;,_‘&ﬂ&wj @ T hm F e 9 96.2% |
(O)M # B(H #)F F 4,
A=71xd xWxN,x N,
=7 x 0.00929 x0.595 x 14 x 1 = 0.243 m?
(7w Fhv- A,/ A, =6.455/0.243=26.56
AP o 2 Blo FF AL SRR B 26.56 5 |
(8)# B 55 44,
A, =71 xW x Ny x Npx(d-d))/In(d /d,)
=7 x0.595 x 14 x 1 x(0.01034-0.00929)/In(0.01034/0.00929) = 0.256 m?

170
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MEsEEY eney) 2Bt
Al Chino Tang Universey. e 12 250 322 (fn efficiency )& Rz

Qe & »c sk 3 % £ Schmidt (1949)i% 5 2 » P 40

Lg% 5 »ofin T8 5 ’73=1—Af(1_’7f)
N tanh(mr¢)
208 e pna —
i K T mrg
2h s
HY m= k50 ’kuﬁE’#;%i@éﬁ-:ﬁiﬁx’é‘f:ﬁ:E’#/%—}i
f2r

eq _1
r

1+0.35In(R,, /7)| » R =Eait ¢ % Lm0 =FE L g

eq S

¢ =

? eSS BR Jrenbl e

1/2
X X P P
oy 2T Za _19glu | 2 Lo 4
(1) %72 £ 7| (in-line) B o2t B [;( Ozj » X 2’XL )

) | R 1/2
(ii) % 48 # 7| (staggered) “o =1 27 2w [;L —0.3j , X, =i, X, =

r r
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BIEBWE o Dy University Z_::C’ /:_—EME\[J @B%ZB{—EP@\EL%)F}:F(COH‘[)

Qe B2 BARET & 240 T4HINL
AP = AP, + AP+ AP + AP,
D) AP, R n o~ BU I BRETFGE ) i S AR
(b) AP, 5 in BB S A 2 4 B BERE o
(C) AP, = i KB T K % 1t 3l A2ig K oee g irid = R o
(d) AP, 5 it A1 % a‘ﬁgf‘ﬂi”% R TS A RS o
(BETRE R 0 AR (AT A SR S - R
Kays and London (1984)3% ! mfi R RN AT

2 2
AP {(1 o' +K) S A 1) (-0 Ke)}
2 P Pnd. Py P P
HYox é‘fﬁ WL 5 (contraction ratio) » & B Z F i E B A (minimum

free flow area) > p, ~ p, A B 5 Z F B frdiv AR RE 0 p_F F *'F o
K > K % i&v BFE % (entrance pressure loss coefficient) > K & 11 ¢ &

"% % #ic (exit pressure loss coefficient) » 5 7 # sEEEF]+ (fr1ct1on factor) o
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OB THEM
OBEA/N
OEBETME
OEHZH
OFFFI =

O RN
OEE&ERR
@)y
OE

EE3R Q5

OfEF A=
& OfEF B
P ofEE mEE
OfEF Akt
OfEF EHERE
OfERE B FEETTRA

ORZEAR/N
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HCEEAZE D T o BT
-'/r'gax_rﬁri/ PR TA LR o
=R NI 1= s kLI g = B o A
: 6 B EBRE LENNLK
‘,é‘. %*ﬁ' ﬁ?—ﬁb @;L“-F%
(superheated section) o X {$ F’“ e B AR
BBRAERBA AN RE O PEREER A
Fafrl R fl éﬁ'ﬂ}t’ﬁ}i (saturated section) e
<r frfx 2 EIIE 101 T F R R & chh 4Pk
(two phase flow) » H #t & 35 @ = /B (latent
heat) % v » §_3 »/ﬁgf" 1R GHTEREK o
FABR DRIV ) TR EL
(subcooled section) » & 7 Fgi%4 -k fE R
RS IR ¥ ‘

%
H

i
B

ﬁ%“ #E Ve
f' ﬂf?ﬁ’.)i "T’#Bé‘é’ff?\f
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NI T
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Refrigerant Changes

AP ;r /—\/.3

o/ \_ 3
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\>,
ﬁ&’
9*%51
;Ef
o
S
:ﬁl
c

iz

Ta Air
i (4)
Fin —_ o~
Ty,
. IR

ube wall

(D)

refrigerant T,
D N 2 e
Bl2. 2 ABRBRE T ABIGAERI T F)
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PARBOEBETFLNIU > 2 2F L8 G8  2BE7F 47

Qcond = 8Cmin(Thl _Tcl)
Be C, » 3 F 854S 52 F#% € (heat capacity)fie ] ¥ > ThffrT A

N 4 iiﬁ—‘f‘? F g T ‘}g_)%, o efl & F ATt (effectlveness) ) ¥ AT &
NTU (%L H = > number of transfer units) ~ feiix 48 /i # A ik e #e o

NTU=U4/C,,,
PP UALZ A GEERGG Fooff > 7 AT A
1 1 X, 1
= + +
UA hnd, kA, hA
o X, kA, 7 FREEFL B EE AN %% 0 KT L%
Hoh chfen A Bl A F RIEE GE s g RIAD GEo® T 2o %
12 o Wang(2000)4-$t 3 F it # 22X - B FH B P AR T F F Rk

(Reynolds number) & $-#chf 0% > $& ) = BE e 52k o3¢ o
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@) Mz xhxy

. Narional Chiao Tung University ;é\ ;7%]%%%;\;}\{‘&{%% %(COnt.)

> H 4p w88 ek 8 % Bt B #% Gnielinski Correlation (1976) &% 7%
(Re,, ~1000) Pr, (/ /2)

Nu =
2/3
1+12.7\/f/2(Prf —-1)

= Nu x k.
D,

1

>+ 7 4p Al cd 8 % dcdk Shah (1979) S5 3

)
A j“:(1581na%%))—&28J

B k=B Al DR R P E D

ho=h|(1-x)"+

“"I\'.

P B¢ P OfLG R MR 4 (reduced pressure) 0 s AP fo/R 4 2R R4 2 b
B o xi & BE & (vapor quality) > m A, 5 HAp iR en#E @ il T 4 W
it eGnielinski correlation (1976) 38 -

>t 5 a3 x H v Schmidt (1949)3 2 ks & o
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1. 3% 3+ 0% 2 (sizing /¥ %)
(1)t g 3% £ 2 3% Ao 77
(2):&r kit 43 1/min °

[e]

Ij

(3)F ] RlF-kE T E R A W 5 160°C -

4z 5 &r y‘m}i35‘°C °
(5)¥c#ua 4 1 120 kW o
(6)i£h R £ (4 ¥ £120 CMM)

REFRIGERANT{L

OUTLET

INLET

Fin

Alr 1n

O

HEEEEEE

—

\NPLPPPRPPPYP

water In

water out

i

I
S

~_

AR FLOW
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2. fE 5 A AR Ao B 247 T .
HX & <t (mm) W600¥H94 1

¥ 2 (mm) 9.52 (d,=10.04 ; d=9.34)
g 5 3] 5 Wavy fin

Fp*Pt*Pl (mm) 3.53*%29.4*%29 4
Nt=32 (941/29.4=32)
Nr=?

Bl B

Fins

L
S

(N ANV AN
=

|
[
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Narional Chiae Tun__q Unhrcl'siry

LE P Ri#-kng
Fokmin g m, =0 p,

-3 3
A s ><907.5(
60 | s

=0.6504 kg/s

(2) Number of tubes per row N =32

kg
i

J

il B AR P

R -k e

181

F A 160°C # -k

ISC L F i B

p=907.5 kg/m’ pa=1.145 kg/m’
Cp=4.34 kJ/kg-K Cp,=1.007 kJ/kg-K
w=167x10"° N-s/m’ 1,=188.7x107" N-s/m’

k=684x10° W/m-K

k,=26.7x10° W/m-K

Pr,=0.71

POET ERPTY a3 ey
i, =0.6504/32 =0.0203 kg/s
(3) 4§ P Bk Y,
- 7(0.00934)?
i, = p, - AV, =0.0203=(907.5)- L.y,

=V, =0327 m/s
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(@ @z3dr9
o M i National Chiao Tung University
2. F M@tk by

_ PV, -d,  (907.5)(0.327)(0.00934)

=16591
7 (167 x10°%)

(1) Reynolds number Re,

(2) $-L i g P ch# @ T die(single phase)® 1 Gnielinski Correlation k 3+ ¥ 407

S
Nuxk (2 (Re,—1000)Pr,
h, = = Hh Nu = Nusselt Number = 7
i 2
1+ 12.7(9 (13% —1)

#H ¢ £Fanning friction factor

£ =(1.58In(Re,) —3.28) ~ = (1.58In(16591) — 3.28) ~ = 6.68* 10"

10° X _
ey (6.86>< A 16591—1000)(1.06)

. B 1
1+12.7(6.86><10 %V{l.%% —1)
k -3
K (684X107)
4 (0.00934)

1

=55.1

(55.1)=4035 W/m*-K
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Narional Chiae Tun__q Unhrcl'sfr_a] ,

L1 Q% 4= 2 2Ll & c

(1) Z 5 ind I v & Ff 4o B35 7 g
%

Bl 3 F i o ff (F A58 )= (Prd, )X(Prs)
=(0.0294-0.01004)(0.00353-0.00012)=6.602x10-> m?
L& B 4 5 (contraction ratio) o
o= % F il b M/D 5 A
_6.602x107 _ 6.602x10”

PxP_ (0.0294)(0.00353)

SO

Bl & 7 § itif & # A=BxCxc
~(0.941)(0.6)(0.6361) =0.3591 m?
(2)# ¥ @ ## ( tube area per row) > 4,
A =N xnxd XCx(1-s/Py)
~(32)(1)(0.01004)(0.6)(1-0.12/3.53)=0.5850m?

(3) it 5 # @ & 4% (fin area per row) ° A4
g A

183

Pt

Fins

P
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National Chino Tun__q Unhrcl'ﬁr_a]
g \ Y 4 2 . R Air flow @___
fEE S E R ERARE > doB4TT N |
#711 fin area per row® % 71 4o T |
7d’ @
2xC BxB——2 | !
A/‘ = 4 X NT | |
| T 0/ 0 0

Pt

2 |
) (()_0294)(0_0294) i 77(00411004) wavy fin

_2x@5 x (32) = 8.840 m’

©0.00353 0.9662

(4)Z # Rl # & g f (Air side heat transfer area per row) > 4,
A,=4,+470.5850+8.840 9.425m>

G)#EGm B A4/4,

—

A /A4=9.425/0.5850=16.13
6)% M 7h G B0 A,

4, _ (ij 9 (ij _ [Ao j . (ij — (16.13)(10.04/9.34) = 17.34
4 2 )4 )3

184
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) @23 d %

4. Z F RIFBE
(D zFmg - M
. _ _ m3
pgep g O, =1200MM =120m/

% F R o, =p, -0, =1.145(kg/m’)-(120/60)(kg/s) =229/ kg/ s

2) &%k i& > Vg
M, =p, Vi Ay » 2P THRALF LSS
=2.29=(1.145)V,(0.941x0.6)
V;=3.54 m/s

B)zFR
B2 o fiid F(mass flux) G, » M) i w ffd.qh :N

eynolds number * Re_

G. =, /A =229/0.3591=638 kg/m’ s

“Re, = G, d, _ (6.38)(0.010_(7)4) 13303
7 188.7x10
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Nartional Clhino Tung University
4). 25 R#EBFE - h,
Fga A7 FRIEFTH - Colburn j-factor » j=0.00867
~h,=j xG.xC,, xPr;% =(0.00867)(6.38)(1007)(0.71) ** =69.9 W/m* - K
4. @& 7 »z % (fin efficiency) o @ @
T (5 4 7] gt B vk S Ao B 5T y = p
L
: tanh(mrg) (2><h j 2
fin efficiency ="  Hibm= 2
s mre i kxs 6 @
koo ogg &gl SR MY 0 A30TC R > k=237 W/K ey
2 %699 % 1 @ L@ P @
s ¢ fin thickness > s=0.00012m .. m =( ' j =7011— :
237 x 0.00012 m
i ¢ = Ry 1) 110350 R H Ry _ 107 (8-0.3)2
7 ) 7 L2 - — 0 W ﬂ_ .
R,, ra G F L S ek g 2T 0 7 e et 5] 3 l;ii’Req/rﬁ’JF&é “de T
R X, (X . P P
(i) ¥4 £ 7 (in-line layout) —=128—L| —+-02] ,X,=—-,X,=—=
r r X, 2 2
1/2 5
(ii) 2 4 $* 7|(staggered layout) |&e _1 27& X, _03 x b x _1|[E)  p
o r\Xx, )7 27 0t 2\ 2 :
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Narional Chiae Tun__q Unhrcl'ﬁr_a]

y=X\/1 > B=X /Xy

r=0.01004/2=0.00502m

X,=P/2=0.0294/2=0.0147m ; X,\~=P/2=0.0294/2=0.0147m
T LLy=X,,/r=0.0147/0.00502=2.9283
B=X/X,=0.0147/0.0147=1
FtBAR,,/r=1.2Ty(B-0.3)2==1.27(2.9283)(1-0.3)?=3.11

i o-[

J{l +0. 35€n(R ﬂ =(3.11-D[1+0.35¢n(3.11)]=2.95
r

tanh(mr¢)  tanh(70.11x0.00502 x2.95)

= =0.75
mre 70.11x0.00502 x2.95

14 fin efficiency 71y =

4
% surface effectiveness 77, =1— 7]‘(1 —17,)=1-(8.84/9.425)(1-0.75) = 0.765

o

S. Overall heat transfer coefficient » U (neglect wall resistance)

U = ! == ! =43.48 W/m? - K

270 I SRR S (T ) N —
A n " h, 4035 " (69.9)(0.765)
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6. ' v B B 4657
(1) g p#-kdoig
Cooling capacity Qc: 120 kW = Qc =m, Cp AT,
=120 =(0.6504)(4.34)AT, = AT =42.58°C
Bk B RT=160C
str1 ok T R To=1601C—42.58'C=117.42C

DEF RS 50 =m,Cp AT, =120=(2.29)(1.007)AT, = AT, =52°C
TG FRRART, =35C T 160°C
STl 7 ;:If e /Jr.}::i];o 35+52=87C
87C water

7. Number of rows N = ? 117.42°C
e :

AT = (160-87)—(117.42-35)

@ 160 —-87
/n
117.42-35

=77.6 °C

188
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®

For cross flow (both fluid unmixed)

P=(t —t.)/(T~t)=(87-35)/(160-35)=0.416
R=(T.~T )/(t,~t.)=(160-117.42)/(87-35)=0.819
for P=0.416 » R=0.819 = F=0.98

O=U A FAT,
= 120=(43.48/1000)-4 -(77.6)(0.98)=>4 =36.29 m>

Q)F 5 A/A=1734 = A=A [17.34=36.29/17.34=2.09 m?
A =md XCXNxN, = 2.09=7(0.00934)(0.6)(32)N, = N,=3.71
510 B N =44k
#2 J BIR B D=N,xP,=4x29.4=117.6mm

8.% # IR *} (pressure drop)
i% yxkay & Londonz_ Rf 7% 3¢ :

2 2 2
ap =G| (=0 +KC>+fAO+2(L_Lj_<1 o’ -K,)
2 Py Pud P P P>
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27 o5 #4500 F (contraction ratio) » p, ~ pyF Bl E ZF BT e v AR KR o p 5T F TR
R fe Z # 0B F]+ (friction factor) » K =entrance pressure loss coefficient > Ke=exit
pressure loss coefficient

TRy T ATRIEE T R/=0.018
+33m & p,=P2R)[(1/T,)+(1/T,)]

# ¢ » P=101300 Pa > R=287 J/kg-K (gas constant)
p. =[101300/(2x287)]{[1/(35+273)1+[(1/(87+273)]}=1.063 kg/m’
For 35°C air=p,=1.145 kg/m?
87°C air=p,=0.98 kg/m?
T F BlA# DG A=A XN =9.425x4=37.7 m?
% % From McQuiston PP.594 Fig 14-26 => Kc=0.2648 » Ke=0.1362

- :(6.38)2{(1—(0.6361)2+0.2648)+0.018 377, 2( 1 1 j_(l—(0.6361)2—0.1362)}

y 2 1.145 1.063 0.3591 0.98 1.145 0.98

=20.35[0.751+1.78+0.294-0.468]
=47.96 Pa
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©

9.-k IR "2
(D) F P EApindRs - AP, |=AR=f

L pr:
D 2
AP ~=pressure drop » f=darcy friction factor of water » L=total tube length >

D=tube inside diameter » V=velocity of water > p=density of water
N=4 > C=0.6m = L=4x0.6=2.4m
From Blasius equation, for smooth pipe

£=0.316 Re025=0.316(16591)-25=0.0278

- AP, =(0.0278) 24 X 0.327" x(907.5) =446.6 Pa
0.00934 2
(2) i i&fein diheader2. & *% o
B~header diameter 2in=50.8mm - tube diameter di=9.34mmé.. o —»4I_Vz .
(a) #-k ¢ header/ i 4 ¥ (abrupt contraction) N ! ;

2 2
P = S P(l - ) ~ _ _ _
> Plc EyAL/A =(d,/d,)>=(9.34/50.8)2=0.034
For A,/A,=0.034=>C=0.608
P, =AP_=[(0.327%/2)x907.5x(1/0.608-1)2]=20.2 Pa

* 7 loss
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