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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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X EE {11 5-Moody Diagram

E'[‘urbu]enl . - {]EE]{EE}S
- | " rawn Tubin , k.
a 0:020 Transrtmnélll Commercial Steel 0.0046
£ Laminar ! Asphalt Castlron 0.012
25 0015k : Galvanized lron 0.015
o ' ! Cast Iron 0.026
= | Wood Stave 0.0185-0.090
~ \:\ Concrete 0.03-0.3
5 0010k - Riveted Steel 0.090-0.90 0.01
-+ 0.009
& D008 A % 0.004
<] 0.007 \
L 0.006F g
S 0.005F ; 0.0791 > e/i=0,00]1
2 = ma0.25
£ 0.004fF (Re)"?* 0.0004
S =16/Re
S (Circular Pipe Only)
2 0.003 y > 0.0001
e 0.20
Re
(Re) it 0.00005
0.002 I el |_ |
3 234568 4 5 6 7 8
10 10 10 10 10 10

Re=u,d /v


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

Bz x8 LY 9

Narional Chiao Tung University

bl T 4o B9 o K £30 Liminitie— £ 5102 ¢ drk T E §

P Bk A TR R A T=20C R E i iEE BB E
FEEtEBET > RHEELENEHEESIEANEE » A&

T ENERCEERRAXSE  —EEZHEEE)

d;i=2cm=0.02 m
L=10m

Q=3OL/min=30%OS=O.5 L/s=0.0005m’ /s

EWHTRIE R 4, = d; = (002 =0.0003 14m’

O0=4 -u . () (r> d; =2cm
3 5 0 =30 L/min >
0.0005 m*/s = (0.000314 m*)xu | L=10m |
Sou=1.59m/s
JKAE20°CHYEEE ~ B E a0 N (I 8% &R
1 =1002x10"° N-s/m?
p=9982kg/m’
AGE Y
:998.2><1.59>i2).02:31680
1002x10
HE1-32KEHE B HR AR &E/EE HRe =31680- & A fHH £ &
#0.0058
.-.AP:‘;—L-f%pﬁ - 4X120 ><0.0058><%><998.2><(1.59)2= 14636.6 Pa

/]
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(hydraulic diameter)iYEZE 5

o _ 4. _ ACFREER)

P R E

axEp2-Za?)
4 4

Dh,f% =

D, 55

:Di_do
7D, +d

dx(axb) 2ab
2a+2b a+b
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Section AA
HH-Horizontal plane

VV-Vertical plane
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P-1-1: 40 NE TR > A/do=4 0 ZRZE ARG B AT HY ER 51 m/s > 225
2 By 1.2 kg/m® > 38 308 % 40 B 1% 78 4E 119 JBR I s fe] 2

Z/lizlm/s
A =12 kg’ Uedo
1-1-1 f#% :
Brégtedy TEMBEEE G > AN Al B > Frld ¢
4 P
4w
AI/A(): 4

FrDMlue =4 m/s
C,H3E1-110] 41 50.41

2
57 AP = 0 41 L2X4

=3.9Pa
12
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¥ FEHAPE MR E AR

4':
B
% 12 Fivnd T RRAEGES 250

TR kiR > fg3lt i
(% Kakag and Liu 1998-
7)
12
Blasius 1 =0.0791Re "%’ 3x10°<Re<10’
Drew, Koo, and McAdams /' =0.00140 + 0.125Re ™ 3x10°<Re<5x10°

Karman-Nikuradse 3x10°<Re<3x 10°

ﬁ =1.737In(Re./ /) — 0.4
N

g ﬁ=4 log,o(Re+/ /) —0.4

s L f=046Re ™
Filonenko f =(3.64log;Re —3.28)" 3x10*<Re<10°

P E R R R R G A% (bulk temperature)
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£l {8 % (heat conduction)

: KA
Qcond,wall — T(Tl — Tz)

k = thermal conductivity (W/m.°C)

14
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bill=(Thermal Resistance)

dT

Qcond —k (2727 L )
dr

27k
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_@-f,.,ﬁ,,rcr,,ﬂ"gu"m%gﬁ TR = (Thermal Resistance)

Physical System

Electrical Circuit
X, V
T ;—W J = —
1 Hn 2 R
Ty Thermal Circuit
a, y _ AT
iy | 0=
T, T, L
T2 Too R = L/AK —
= L | kA
— X
?Ek”‘l’*%@%m}iﬁa T R Bl ‘
D ,L
T, - T L
Fourier’s Law = Qcond =—kA j —=kA Rth j =—
L erma A
T1 0 |
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¥ EEFBE GHE(@0C)

A #18 E %k (WmK)

1> Silver (pure) 410
4% » Copper (pure) 385
45 » Aluminum (pure) 202
45 » Nickel (pure) 93
48 > Iron (pure) 73
B4k 0 Carbon steel, 1%C 43
4 » Lead (pure) 35
444 £ £ > Chrome-nickel steel 16.3
(18%Cr, 8% Ni)
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AIR _
Q
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(a) Forced convection

Warmer air
rising

(b) Free convection

. No convection

AIR Q currents

(¢) Conduction

Z03E]7i (heat convection)

Velocity
variation
of air Tf
=\ » - T
{ am [ Temperaure
- FLOW - .
of air
Qconv
A
& BEN
HOT BLOCK |

Qconv — hA(Ts — Tf)

h = heat transfer coefficient (W/m?2.90C)

18
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Newton’s Law of Cooling =

Qconvection

= hA(T, - T).

PiiH 2 (Thermal Resistance)

R

1

thermal ~— hA

19
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H(Cont.)

— - F 5L ey 8 A 1@ % dic(heat transfer coefficient)

fluid state h > W/m* K
Gas 1 bar 80 - 125

Gas 10 bar 250 - 400
Water Single phase 5000 - 7500
Water Boiling < 5 bar 3000 - 10000

Condensation
Steam 10000 - 15000
1 Bar

20
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o
f

et s vy 3457 4 SRIETHE 4 (Cont)

— B R ey 8 £ 13 7% #ic(heat transfer coefficient)

fluid h > W/m’K
Air (Natural Convection) 5-25
Air/ superheated steam 20-300
(Forced Convection)
Oil (Forced Convection) 60-1800
Water (Forced Convection) 300-6000
Water (Boiling) 3000-60000

Steam (Condensing)

6000-120,000

21
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¥ HApE A BB E S 2N (2

%17 Hipy* HE a0

A2 i g I

Bt
1. Nu=0.023 Re™Pr™ (it 4v$4:73248)  Re>10" > Dittus-Boelter = #%

Nu=0.023 Re*Pr” (3i4 frendll) 5\
2300 <Re< 10’

2
c f )
(/ R

Z/l
107+127,/ Pr2/3

f=(1.58InRe—3.28)

3. Nu =0.022Re"Pr™ AF FHE Re >5000
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/n‘- zﬁ‘}ila\#m’%’bg? R L

-

%

E’ g&?_{tﬁ‘ ]Q :a';:
N IE TS EnERENE - BTG E—(EE IR R
&)0.14
i

£ g1, Py S R (viscosity) , By BRI A BRI
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Geometry (L/D, > 100 > = > % &)

NUT Nqu

Nqu

fRe

—A 2b/2a = 0.5
2b Y 2b/2a = 0.25
Za 2b/2a = 0.125
9-120°, 22~ 0289
2a
L 26 1

2b 2a 2

2a 24

3.657 4.364 4.364 16.00

3.742 4.558

3.792 4.88

3.802

2.333

16.83

18.24

3.725 5.085 0.9433 19.146

3.34 4.002 3.682 16.06

2.0 2.68

2.34 2.982

2.47 3.111

2.26 2.91

2.976 3.608

3.391 4.123

3.66 5.099

5.597 6.490

7.541 8.235

4.861 5.385

0.62

1.34

1.892

0.851

3.091

3.017

4.35

2.904

8.235

12.744

13.153

13.333

13.065

14.23

15.55

18.7

20.59

24.0

24.0
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Question 1 @ 4= B #7757 » K £ 0.5 L/miny 82— £ 5102 2 60
KT EEY S BRk N TR ST=200C 3 ¥ B Y B
E GE?

Question 2 © 4r% -k & 530 L/min > 3¢ % & i€ i ¢ B g 8 %
B ?

O = 0.5 & 30 L/min

(> () j:dl- =2 cm

B L=10m |

27
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SEPEPT © R=R+R+Ry |
i e ARH T i BEBRE T
T, —— MWW wW—
Ry Rg
B EQ
=(-1s)/ q B
—\VWV—
O=q - A = HEEHE= EEEEHR,

A AT ML - ERE R Hscies -
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b T ENAT HA R /148 (Cont.)

o
0 - 7
0 0, 2 ﬁ‘%@%lﬁﬂh | U 2BHDT
gl A2 T A T
h 7 C
h, h, R A if RB
— —
0 74 .
#id £
Th - TW ?Tc _W_ q i e
8 REE AR,
M R=R, Ry +Ry
AX

#3 £ q=(T,-T.)/R
Fig 8 2 # B & Rl £ 87 R B Q=q-A =%#ET

TR

T E A A TR PR E

29
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1 | 1
+——t Q=T,~-1, L
hlAwl ﬁ h2Aw2 ' hlAwl ﬁ thW
AX .
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EATHAF I 148 (Cont.)

£BEQ A7 3

1 :
N S AT, AT,
hA, ﬁ hA,, (Q = 1 - Rt )
AX / ¢ UA
T~
B U- SV HZRFDREKEZ WmPK) AZ 53 & f#
: : + = + 1 R,+R_ +R
L = = — =
UA WA, kA hA , R=RR#Ry
W mfe FER ol
Rk
UA=UA = L 1 X
o“o — it T - R
' 1 n X, n 1 w kA For plane wall
h.A, k,4,  h,A,
AT T e ceps P e T R = In(% /%) For tube wall

" 272ka
31
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/
O

For fin-and-tube HX =»
_ — 1
UOAO o Ui ‘/47 o X

1 » 1
— + +
h. A4; kpAp h,An,
— —
SIS e 2RI

;F'?‘:l U%&-p ili}’tlblgl :& A’ff’AlFb? l‘*{f’? P\ ]FI 7%1[‘ #% » A é &5
@;}.Jiﬂm,fﬁ, ‘V‘?E%ﬁll'@%lé\ﬁ{,n%ﬂ‘ﬁ"o i3,

i
surface effectiveness, s F#f) » h 5 5 # B2 z{#n Bl b s R P
il &SRS

PRE B REU Y o FARET T F RIE S GEh, - B EAD R
Bh, ~ R G RENToR B A 0% 4, -

]

\\—

32
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A tes R 7 14H(Cont.)

- F R AY e # 18 % Bic(overall heat transfer coefficient)

FLUID COMBINATION

U(W/m>.K)

Water to water

Water to oil

Steam condenser (water 1n tubes)
Ammonia condenser (water in tubes)
Alcohol condenser (water in tubes)

Finned — tube heat exchanger (water

in tubes, air 1n cross flow)

33

850-1700
110-350
1000-6000
800-1400
250-700
25-50
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48 Tk A (steady state) T & @ & £ T T g2, =0, =
0
Q:hlAwl(T;l T ):>hA T;’_ w,1
r.-T.)_ 0
= kAt = =1,,-T
Q AX kA w,1 w,2

+——+ '
hl Awl ﬁ h2 AwZ Q
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CLASSIFICATION OF HEAT EXCHANGERS
Drisk Type

Rotary Repeneratar

S

Druam Type

Regenerators

Heat Exchangers /

A7 =
Recuperator
> BRI

Fixed-matrix Repeneratar

\.

Recuperators

_I_A

F4 5
Regenerator
RSS2SR

Direct Contact Heat Exchanger

™

Drirect Cortact Type
(e.g. Spray and tray condensers)

Extenced Surface <
Tube fin

*# Heat exchanpers may bave single or two phase
fhaids on each side.

Parallel

* Flow <C0untar
Mized
Pl

Cross
TUnmized

Double Pipe (Modular one pipe in another, may be finned)

Spiral Tube (Spirally wound tubes in a shell, used in coaxial

Fized tube sheets

/Tubular T condenser and evaparators of refTigeratars)

. {tube side can be cleaned)
Indirect Contact T

BRI Shell and Tube <

U-hibe
{tabe side hard to clean)

Gaskeeted-plate (e.g. Alfa Laval desipns)

Flate < Spiral Plate (e.g. Types [, I and I of Alfa Laval)
Lamella (Ramen)

Plate fin (Plain, plaopeforated, serrated or wavy fios)

MEd1 ILKER THRI
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HA] Recuperator

38

& €57, (Fin-and-tube Heat Exchanger)

& 7= 1\, (Shell and Tube Heat Exchanger)
& =\, (Plate Heat Exchanger)

& 1257 (Spiral Heat Exchanger)

¢ =57 (Tube in Tube Heat Exchanger)
& Cross flow Heat Exchanger
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@E+7 ¥

Louver fin, one-sided

(h) e Ao Al
Slit fin, double-sided

(2) E =43
Slit fin, one-sided

() il
Smooth wavy fin, type (I)

(NSl o

Louver fin, with
re-direction louver

L0
S
o

. 1 A1

ﬁ

() # 17 ¥ 3
Convex-louver fin

Typical fin-and-tube heat exchanger (a) individual circular fin; (b)
continuous wavy fin; (¢) conventional air-cooled heat exchanger
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%= 17\, Shell and Tube Heat Exchanger

.-I.'.-
-

Tube Shell
A Outlet Tnlet
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2,
-

WA A2S (a) brazed type;
(b) working principle; (¢) cross
section

HIPFEIZ AR A L Es

41
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25 7 (Tube-in-Tube Heat Exchanger)
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Air-to-air Cross Flow Heat Exchanger

————
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Cooled Cold Cooled
GasOut  GasIn  Gas Out

O Valve Open/closed
® Valve closed/open
[] Hot period

Cold period

Heated Hot Heated
GasOut  GasIn  Gas Out

LA #HIFRLITRE
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cal
Waste Gas

pher
Chackerwork

Conis
DT

b
8 Coid Blast Air

Combustion

Chamber

Hol Blast
Valva

m
2
L
=
L)

ChHACKEr-wOrk
cold blaxt

ball
[
[
1 IIIIIIII
Tl combu allon- ahad

e e 1 O
i
11
i1 — 12kl

Braaching
o stack)

o/ Bree

o

Chean Gas
Combustion

hiondlastphase

ajon-gas phase

Air

Shell

el

Mimfroom

STOVE VALVE TYPES

Bumely
Thres-Lisser

I'IIN\I £UVUJ

Hot blast stove Fixed Bed type regenerator
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Rotary heat exchanger

Motor

L 2 V4% E (a) Working Principle & (b) Rotary
wheel
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Cooling Tower

Sprays on Ring Main

Tray-type direct HX & Spray condenser

48
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(@ @z3dry "

W <z gTz ®)
! Mg 2 §<=t='>“ B
%GR a6
LS
v 7 7
b

(d)

DISTRIBUTION-IMPACT _A L/ 6 | -
REGION —— | /. A ok ;
. ° %%'% ........... Ol T
é Alternate Layers of L
Louveres Turned Thro'90°
FILM-FILL S g
REGION T
@
_
A N
60406 00

. Air Flow h Tightly
Splash Type Film Type bt tog o Packed
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Q453 AHHETHRBRFA A % > TUALMID-F 2 6-NTU = 32
A BTk (P4 e B A SRR

1. # % #ﬁﬁﬁa’&_ %é Ed S R (”Pl’i’ﬁﬁﬂgmvi?%‘ﬁ i)

20BR ~# R 5 - 24 i (one-dimensional) > ¥ k8 & A K enIL % oo

RIPIE ;- LIl S Ti;fg ¥ ik TR &'ff[%%rf@ 2 3 BN Rt Ew (Cp)

4.5.#2 8 %EU B HE -

SR FNdhe BT Lk o

6.5 4p & 37 4 2 s LA DAY E

TRIFEBANTHEA R EFEEANF B(PArES R BALEF B E)

2BR 5

50
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Insulation

';' //ﬁ‘ [} 4
)3 ] | JIn e e
e i e e s e o B B e e e
T T
| i

I

— 1 1
. Y ls (T’I‘ELp} i ! 2, (MCa)es Tz
>/; B 2% £ ip gy B E wley cold ﬂuT‘ld R L

() B I.. g e e b 2 A —
I

gz, (M, T It (MEpn, T

- 5 7o . To+dTs | dQ g—t
— Wl ; T ﬂ e
Q . m (l 2 T l 1 ) T hO ul ST

R P o

A A+dA

Q (m )c(Tc _T) (mC h)h(Thz Tho)

ke C,=(nc,,), and C =(mc,),

51
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Nﬁﬁmmffﬁiﬂﬂ Tung University

o ® m =
#?ﬁ’%“iﬁﬁ A BRI E R m?
f::\ L HE i~ Ce SRR EE BN S (e, )e S

Ci F Rl AL E B R (e, WK
0 B g W
Omax Bk # g W
2 7 2R (OQ/Omax) & F) =
m TR kg/s
¢y LA J/kgK
q i £ =04 W/m*-K
Cin Cc 8 Cp ¥® | § W/K
U o i W/m*-K
NTU By H > > UA/Cin M F]=x
C* (@FC v, # Fl=x
Cr Ce2 Cp ¥ ot % W/K
Ty, APl AEE T R R °C » K
Tho Fpliimgdic R RE °C » K
T.: 4Rl T R R °C » K
T.o I R °C » K
F i ik & F=
P BTG R (Teo—Te)/(Thi —Tci) &/ Fl=x
R C/Ch > (Thni —Thn,0)/(Teo—T¢:) E R IEN
LMTD Copyright ITRI 2§08~ »=8 & £ °C K
Ao BIAFERLEAEC 2B NEEL > (T —Te) °C-> K



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

Wz 3d A

53
Nﬂ‘ _I'ﬂl‘l'l"l'lr rlﬂ'ﬂ HH HIVvErsiry N
ey et AT WA S 2 S pa M e G
(1)L 7 i (parallel flow) N | |1 —
.|..!.;...-.|Il —_— - —

(2)iz = 7~ (counter flow)

(3) < R it(cross flow)

()

(a) fin with both fluid unmixed

Fluid 2

@

(b) unfin with one fluid mixed
and the other unmixed
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A TIPS

;
?“
w bl
"
F_k
B
=

(1)L {7 /it (parallel flow) >
Ls e

R4t BlETR

PP e R
— Jw o B A R

(2)3% # o (counter flow) » M F
E v l;’i’ ’w 'EJmt". DR R

National Chiao Tung University f':‘:}\[‘&x? I:IZJ)[L E;}ﬁi @%(COnt)

o
=
~

T 4= o4
g

- f’? /fﬁ\/m% /nL iEd é*ﬁ‘fé’,ﬁ%j

# 1

Y N L
Xp e -

-ira’ln—\/n'g /n'— l = ré’ﬁ‘\%%]
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«  Narioyal Chino Tung University fj':;:)'\[‘& y % %‘;‘% Z 5)2[5[3_ ,E% 5)2[5[:_ %}J i@{ %3‘ (C ont. )

T BL PR T AR o | )
LAleng R gt dettr o d whes | o bl L[
Bl¥ s T v BRE R - S NdEESH
T— P 5 4 Feensg it o 4500 ‘

BopE s 3 RRiES T ARKRAY Qﬁk

~ PR R AL FET T s s

~ N ~ £
g -2 ‘/n'—'g_g /nhﬁ"" BCAE- 12 N

¥ € d A3 (pass) e
v T - BT
RN F RS - kY
e 2 4 B BcX 2 Bl
ot oo

(4):R & 7wn$ > ;4 (mixed flow)
gL pE e i A Ay T it = **ﬁ

R TS S Py S ST SR oo = 2
(e B9 TR ;}\‘ Eﬂ‘;ré\» o LA Z R R EF T B
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Nﬁﬁmmrfﬁiﬂﬂ Tim__q L‘niw.'l'sfry

vy

1 Pass (¢ il 5 - B w#k)

< <

<

vy
¢
)

3Pass (¢ & = B w#)

<

y PP =

56

AN s he i 2)AI R (Cont.)

-

2Pass (¥ s A v i)

v v
C

C

4Pass (% 5w B w )

<

<
)

>

Bk 7 A B
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. . T},
~ condensation . condensation T, ’ .
L - Thof s - L cooling
y Teo| |7 Tho
Lo evapoga ton Teo T, heating = B : T
evaporation 0
(a) (b) (©)
T,i _
T cooling - cooling
E’O Tc'c)
. - T, n‘é\ - -
Zi;¢¢¢45”’ﬁ§§?Tﬁg é_ evaporat10nj§:>
(d) 8 (e) subcool ing
Thi
superheat
condensation

1.0 subcooling

\\\ $W
(2) T.; (h) heating T.)

C,l
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F Natiopal Chiao Tung Universin D N Vo= =
> Narioy o] Ty ?\:\\/ \$ DJ?;}%
A8 AU B (steady state) T # ¥ £ L2 e

hA , wl
(Tw,l o TW’Q ) Q
Q_kA AX :H_TWI_TWJ

hA ,
Z 3 4pte 0
=0
1 1 1
mA,, ﬁ h,A,, O=1I, -1,
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@%ﬂ; T’% Umjéz[[ (A HET TS #A s Y Rating/Sizing? ’

> H ¢ 31 & (rating problem) : & FrAA LI B4R AT F ol tlE v iF
FEHRBBEROE RN RER)

Tt

» % <} 2% 2*(sizing problem) : ¢ i‘r”-%lb Q%fé R (FREBE s e d ok

B) FEEBF A (BBY #H ) o
> i & T fi7= 4% 7\ (Energy balance equation) :

O=mxCpxAT =0=@mC,) (T, -T.,)=nC, )T, -T,,)
> A BSRE B 2N ST B AT

Q = (UA) DrivingPoential, SEHZ%)

Q:UXAXATm AT, 5 7 P82 B R &
P38 ¢ Aoie REF AT U & AT,?
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;@23*& ~ ¥ UA-LMTD-F Method d

Q#BELHAEN o Bb 4 SHHRERL REP L Ti00

_%{lﬂ?’/f > B ATm:?
0 = UAATm

(AT AT) AT =AT R “ 1

m Im
of A1
AT,
AT{ = (T}l,i _ 7-;,0)
= (];’l,o — ]—;,i) Area —=— (x)

LMTD =

Temperature —=
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z 3R A
[a@fwrm Ty Unive I% Counter Flow heat exchanger

Ce= 0y, Co = Chy C, < Cy,Ch=Crn
T & T
Th T,
Tp—»T,
T
2
E Ty Te
———
Tn:l
Tn::l
0 > .
Surface L 0 Surface L
Area, A Area, A

Q:(mcp,c)c(Tc _T) (mC h)hi];zz Tho)
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MR XE =% (). MTD-F Method(Cont)

Ca=itl £550,

> %% LMD AT = AL —AL T a
In(AT; /AT)) LT
» The total heat transfer rate for all single-pass
flow arrangements T, .
Q — UAAT \ :
Im I
. L
v I ™ ;:'L y W = )
&5 iwn(CFHX) » ® C,=C, 0 Siiffice T
Area, A

(T.,~T.)=(T,,~T,,) and AT,=AT,
g
O=UAT,-T) and (I,-T,)=AT, =AT,
& £ T 55 (PFHX)

AT =(T,,-T1.,) AL, =(I,,-1,)
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W38 =% 4 LMTD-F Method(Cont) o

Q4% i d 2 35 w i # BF (] 4-Multipass and Crossflow HX)
AT, P Z# M E30AT, L k- BT G#cF FE» ¥ EP &
A2 PR3 M > F=F(Gr#3l% > P R)

- 21 #passZ HE S HAIHEE
Q0 = (UA)F(ATlm’Cf) ¢ (31 5 1pass)
>
(5, ~T) =G, =T,) r( <
AT}m’cf: , , ) , I r
In (Th,i _Tc,(% ¢
(T, —T.,)
_ Lo =1 . Al, <[ -] %1 2>for cross flow &
I, =1, AT, multipass
arrangement > X &
po G L=l 0.9~1.0 -

¢, T1T.,-T, F=1 - For pure counterflow
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UA-LMTD-F Method(Cont.)

F2 P~ R [ enfd % B

0=@mC,)T,~T,)
=(m,C,)(T,,; —T,,)

_ T;,o _T'c,i _ A];
B Th,i _Tc,i - AT

_ Cc _ T;z,i _T;z,o
Ch T;,o _T;,i

R

0.9
038

~ |~
Il B 1
3 06
T 0

'g M

o 04
0.3

F for Pure Cross Flow |
- £2_ il T)o (1) j e ()
Cy (T)g-(T3)i o — — =
Ty and T; are interchangeable 1 l n I
-q\ i‘\% “%{{b{x;:_ﬁﬁh::%aé*ﬂl —
NN HH:?‘:"‘R_H H\"\ '"{\.
\ \ \\\ \\Qi\:\ M, ;\\:\\E\r\x \\t‘.'-"
RNRVANCNRG NEN S W
INAYAAVAY NINNN
\ TN Y NN NN
N NA'WANEAY "i—-}y
VAVAVA AN WY
\\ HWANAUWAVEA
/N k\ \\ \ \\ \\ \\\‘
f L S 3 Pd e L 1" E" i\"" \'.‘.:
70 I I I I Jﬂrij‘,
0.0 \\ﬂ/{:"ﬂ.}f ..... R T SE T TR R 58 0.9 ' 0
: (T5),-1T5),

v — P-Thermal Effectiveness

.
SssssssssssnsmsnEmEnEnenEnnnnnnnnnnnnnnnnnninhannrudannnnnnnnns "
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[ @“i”- UA-LMTD-F Method(Cont.) »

Fe P~ R & enfif (% B

‘o (one shell pass

A\ I R RSN S UENE S and two tube pass)
" IMTANNNR NN WA
TN TNY
0.7 \ \ \ \ \ ll
. VU RN I
0.6 WA\ \‘\ \\ U\
H
04 i_'? T II P
B L R o
03 7 IR ol A i i B Y B A Tl
0.0 01 02 03 0.4 05 06 0.7 08 09 1.0

& LMTD correction factor F' for a shell-and-tube heat
exchanger — one shell pass and two or multiple of two tube
passes
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@%31’%”‘% e-NTU Method N

@ =L ¥ & # (hot stream)fri4 Uit (cold stream) 324 % £ (heat capacity) -

Ch :(mcp)h Cc :(mcp)c
Cmin ;‘;‘ & %’7‘ F;&;'E?Lg iﬁ*'] ':]:‘lB

® ¥_3 ¢ (effectiveness > # »% /&) 22 NTU (number of transfer unit - % £ &
) F AR T ERACT

BV QL MABERERIBE 0, s B VE B AR TIEET2
B F o B - -
N M)
Y <«
T:o 0 i ¢

BRI T R B
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: iﬁg}% U'it What is O

max

.75\"\:/{ C (mc)h ﬁ"“ (6] pc ?}3 = > LB:”‘:’E*\‘ lfs,br,ﬁriﬂ éﬁ‘ ggm‘i ﬁ% ’

BL plendl o R 6 AE B AR R RIE T BB > B I B e AR
TEE AR PEALERALSRACIER € FNARFEET R AE(E
B doBlorm) e Bt o B AT BB E G

O = Crin AT = Cpyo (T, = T,)

) \\ Tho
.a&;‘j%@ia‘%ﬁﬁ”? B E L \1\

Q £C e = EC (Th,i_Tc,i)

He C min = A RIEL R B ':F]k T, =T Gk i
Z_ [ #7% & (heat capacity)fi -] % A L Fiis S
T, AcT. A w5 # R4 Rlin A enie Ei. i

TR efes T AT

(effectiveness) -

68
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A o ,.__foiﬂ Tung University

(Cont.)?

max

Q ( )( _T) (m h)k(Thz Tho)

L] ‘
L] . .
--------------------

B }' =(mC,.), C,=@mC,,),
If Cc < Ch = (T;,o_Tc,i) = (Th,i_ Th,o)

If Cc > Ch = (1—;‘,0-]-;,1') = (Th,i_ Th,o)

distance along the exchanger

69
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yal Chiao Tung University

> Casel { (mC,.). <(mC,,),

AT, > AT,

)
.
. »
----------

if C <C, "

hi=1g,

i

cold side:

thas temperature difference
only depends on inlet
lemperatures —— )

What is O

distance along the exchanger

g —

Qz'-'l=m = (mcp)mm(?}ri o

I;)

max

(Cont.)?

Cold fluid=minimum fluid

distance along the exchanger
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,,C,;T‘a; f"'? What is O (Cont.)?

max

»Case2 { (mC, ). >(mC,,),  hot fluid=minimum fluid
AT, < AT, .

0..
bl »
llllllllll

Cmi
i C.>C, .

distance along the exchanger

If the heat exchanger were perfect, Ty, =T,

T

?:.r} i K
suEEE, F‘I;HF

0" %
» — *
hot side: LA=m

.
-------

ll
o

this temperature difference
. distance along the exchanger
only depends on inlet

lemperatures

g
Qp=ce = (’”C;:-J,m,(i’}n =T)
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@ Mz3E A% 0 (Conty

max

\

- Qmax ~ min (];z,i o T;,i)

Q 8 —SC (Th,i_Tc,i)

¢ (effectiveness » 7 7z /)

f .max = (mcp,c )c (7—;1,1' o T'c,i) lf Cc <Ch

Qmax — (mcp,h )h (T;z,i o T'c,i) lf Ch <Cc

o Cl(1,-1,,) CAT,-

T.,)

8:

Q—m B Cmin (Thz - Tc,i)— Cmin (Thz N

T.,)

72
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[] N‘nrmr% Cé; % U:uvmi What iS 8? P

LR > &7 47 LNTU(BLE =

/n‘-ﬁ7 i‘] BE\ E‘Jl’j\:ir E;t

l.efi 5 7 »xi(effectiveness) » = i@ A5 3% 2 44
number of transfer units) ~ C*(C,,/C, ) ~ Foi~%8
E :g(NTU’ C* ’ ‘/n"—'g i ﬁ"i‘tl] '\‘)

0=(mC,)(T,,~T.)=0nC,,), (T, ~T,,)=UAAT,

T & GLH Tf_NTU:—“a NTU=UA/C,
Hi&e® %‘? gk AN X e r'ﬁﬂ /] (thermal size) ; J£_%

7 (AN

BRos A A AU R B E Coy

PV FIRT ;%%12
5
v

o

>»— 4 NTU - & st %;{ % 0.0~4.0f ; %8 27 % q@,\;\,%i#xéE?F

INTU %7 a0 7 g 4218 2 — #F - B F g 2ok g0 i
HAvm HAe o @ 2 W AT & @ﬁaﬁ’ﬁﬁﬂwafgim%
BJAcEg s T g 83 NTU ~ C*RF e 2 B o
>3 L Gt AR ERa AR TR g ¢ LM AL R 0 Bl4cBIB o o
A i e @ ’n‘- » % NTU =~ - i 1S ’NTUﬁg%nF Mg e TR
FRENEEZFAP > - PR AR E B F 7 LF- 27 AR BE
BBkt Py FAF LR NFFE > VA E2-30) 7 4 €7 BE G B

g o

Bl

3H

b ==k
Ix@‘v
m-k-‘{
~ 7
—
C

)
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i '.ﬁi'r_m Tun_g Univ.crsiry

BIA i inds T 5§ scR 2 NTU R eibf % Bl

100 NS N T

60

%

40

Heal transler surlace
W

=00,

20

3 4 5
-
FIGURE 3.7 Counterflow exchanger = as a function of NTU and C*,

154
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BID 2-Passzig s #2#EF  EART TR B

1,in

2,out

!5.55.555 o o o o o o g

2,in
T R S LT S S
G n s o wik o E - K
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y 2 7 76
pal Chino Tung Umvm'srrﬁapaCIty Heat Ratlo C* j ;& ?

. Capacity heat ratio C* » 2% = C, . /C

T
F- BAIHEE? 5 - RRE KIS 4P FF (evaporation) & 4

> s v . — oi
(condensation) > B| C*=0: =4 %5 C=mCp > ™ =2

K EZEH YTl >C*>00

or|, A
B RAEAEY EASRY B - R M gl L, o F
zO%ﬁ@c’r’ﬁﬁi@*zdﬁ@ﬁﬁ’ﬁﬂi%%;%§fi@f
iz heat sink 2 heat source? = C, % 7 @ R4 erRRA > @ Cminﬁ%{
¥ b e o)

PEBRIEEY RN A EF S 4 REARRF 0 B -
s 2 NTU B ehff (358 M- A2 (R BN 2 e AN an)
»E C*£0> & - f3 g G UG R NTU /e

g R
R BY bt

A
=z
2 LK
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Rzzxd =% Method(Cont.) "

» Single pass heat exchanger C.>C,
ﬁCh:Cmin and Cc:Cmax

¥ ou e

1—exp[-NTU(1-C,,,. /C,..]

- 1— (Cmin/cmax ) CXp [_NTU(I_ Cmin /Cmax )]
NTU
(1).For C_. /C_.=1 and Counter Flow & =
1+ NTU

1
(2) .For Cy/Cpppy=1 and Parallel Flow ~ &=—(1=¢™"")

max

—NTU

(3) For C,. /C.=0,both CFand PFHXs & =1—¢

max
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7 ke NTU B &

2

Fz& ,J‘(; ;\} ;‘L-Er)

TABLE 3.3 ¢NTU Formulas and Limiting Values of & for C* = | and NTU — ¢ for Various Exchanger Flow Arrangements

=-NTU Formulas

Asymptotic Value of &

Flow? Arrangement =-NTU Formulas : ForiG* =1 When NTU — o
0oooooooooooooooooooooooooooolo-og:lppf‘Nmbo-(;*ﬂoooooooooo’ NTU
Counterfl L : i - -
erfiow T—C* exp[-NTU(I - C")] * =TT NTU €= 1liopall
.
| —exp[—NTU{1 + C*)] - 1
Paralleflow == T £=1[1 - exp(-NTU]] =1 oe
Crossflow, both fluids unmixed g= 1 —exp{—NTL) Same as general formula e=1 forall C*

_4

Crossflow, one fluid mixed,
other unmixed

—exp[—(1 + CYNTU] 3 €*"P,(NTU)

Po(y) = {”i i i; (m +;'1! =)
For Cy;y mixed, (', unmixed,

£ =l —exp{—[l —exp(—NTU - C*)]/C*}
For ¢, mixed, C,, unmixed,

o L[[ —exp{—C*[1 —exp(—NTU)| })

with (* =1

£ = | —exp{—[l — exp(—NTU)]}

g =1 —exp{—[1 — exp(—NTU)|}

For Cpip mixati,

e=1-exp(-1/C¥)

For O, mixed,
£ =[1 —exp(-C*)]/C*

Ct
5 : . _ _ 1 1 oo
grossﬂow., both fluids mixed e i . - e 1 g T —expl= T=1/NTU S B
!;ﬁ: I —exp(—NTU} ' 1 —exp(—NTU.€*) NTU
1 2 shell-and-tube exchanger; = : £ T i ; = 2 -
shell fluid mixed; TEMA E shell (1-+C%) +(1 + C*2) coth(I'{2) 2+ v2coth(T/2) (1451 e

where I' = NTU(1 + C*%)!/%
coth(T/2) = (1+ ¢ )/ (1-e")

where T' = V2 NTU

T J ~J
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ff.'ém '1% Unwmi 3L }i gk 22 NTU B mfﬁ%

79

A2 5 )
Type E(NTU,C*) NTU(E,C*)
Counter LT eXp[‘_ (1 ¢ )NTU] _ — ! h{l - oC” j
Flow 1-c expl— (1—(7* )NTUJ 1-¢" 1-¢
1 %k
Parallel e [1 B eXp[_ (1 o )NTU]] NTU = - ) :C* ln[l + 5(1 +C” )]
Cross flow = eXp(‘ C*NTU) | .
Cminmixe(i g=1=o5 o NTU:—C—*1n1+C ln(l—g)]
gz:ﬁ:z; £ = CL* [1 _ exp{— c [1 - exp(— NTU)]}] NTU = -h{l + Cl—*ln(l - o )}
2
1-2 shell- 8: e (L 1/2
L e * ( . 1+exp{NTU(1+C*2jl/2} - 1 lnz {1 C [1 C 2J }
heat 1+C +\1+C ) T (1+C*2)1/2 ) ( *2j1/2
exchanger ”"p{ NTU(‘ . C*ZJ } S I G
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:@%;;T%é:ﬁgmary for e-NTU & UA-LMTD-F

UA-LMTD-F e-NTU
0= WAE(AT, ) O =¢(inc, ) o(T,,~ T,,)
_ _ (AT -AT) :
LMTD = AT}m - AT{ o = Qactual _ Ch (T}“ - T;z,o) _ CC(]-;,O - ]-;1)
LATzJ Qmax Crnin (T;zz - ]—;l) Cmin (T;zz - T;l)
AT =T, -T .
) C,0 . C ‘ (mC ) ' .
_ _ C = —mn_— PP 0LC <1
AT,=T,,-T, e )
T —-T . AT
P=T 1 ~ar
hi  tei max NTU = gA
R — Cc — ]-;l,i _]-;1,0 .
Ch T;,o _T'c,i

— ’ * ““?L fy;—‘i > oy
F =1n (P » R » ’:‘L'Eg/ﬁlévil] ;\;) e =1n (NTU C IR 1 f"’ﬂ'lq )
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B Wz rF -
J@%ﬂ;%—u% Rating by e-NTU Method :

[ e A B AP 4 S REESLRmMEr Ee2)  £8%
Bk TR A RN TR A X P E NTU & C*
= NTU_UA/Cmm ’ C Cmin/Cmax

2.d 2 Zren NTU ~ C*&2 5nds A58 5 B RIp4p M e & NTU 0Bl % & > 42
‘\‘j\—,—; »|4 i}i E° E>g_g(NTU C*"/ll 'gﬁlnﬁ"ﬂlj’\‘)

Note : 0<¢g<]

3.4 O=e0_ =cC., (T, ~T.) » kE I HEAEE O

5 52 § AT - B A R
Q — Ch (]-;’l,i _T;l,o) — Cc (T;,o _T:?,i) o |
TR AR AT

T,,=T,,—Q/C,

]-;,0 :T::,i_l_Q./Cc



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

BEREEY  Ruting by UALMID-F :

12— BERRIACERT, &4 RACERT,, -
2@R=Cﬂ%§ﬂR@oﬁéP=@wﬁwﬂh4y’?ﬁmP@o
d #pFeid pleg o B R EF AT, o

3 P-REL pieip Bl & &> 427 FIlr %]+ F o

4.4 O = (UA)F(AT )| ’ FAREE Q )
Ss.oEv#E N ER T, =T, -0/C,| ® | =T,+0/C,

RigpPvipt- Ir FRAFERABR - R?

6.FHBRED b PIFEATERBR AR ER £ L4753
-G EXNTEEMFERL -

» Rating for UA-LMTD-F Method need to iterate a outlet
temperature.

\rm
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] R B Ratineg>t & @ | >
Nﬂrmnﬂfcrma Tung University — l@; Ratlng ‘::, __7E_l1. ?‘ ]}lJ

PAL - BEF A E BN SR2EE S REFERS S5 °Co kA
Ak k AT ARG 12°C ckimE 5 0.1 kgls 0 v E S 4180
JkgK > ¥4 B2 @408 akUs 2000 Wm>K o 42 4 B4 L
J 3m > Fl“‘%Zcm’ R AR CBER SR D

Aok #okier
R-22 A¥rv — — e R-22 A 4NT
5= d=0.02
P " L =3m
il _—
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84

— ¥ Ratingz* & F 5|

FRAR2244EEFRAEL S5 °Co H&ip)
BR S 12°C 7L,,.é‘_% 0.1 kg/s » +“ # 5 4180
JkgK > % B2 0887 ﬁxUp 2000 W/mzK o2 e B E

=5

#okdo #okigr
R-22 # 4~ v — - — m= R-22 4 HAT
8 iz d =0.02
F " L =3m
| —
r |12°C
\\ Tz ‘?OC
L SOC
> L

(d)
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@ K
;52 Unive z A Rating Example :

(1) Solution By UA-LMTD-F (2) Solution by &-NTU

Counter flow » £ =1 UA 2000x0.189
A=1x0.02x3=0.189 m? NTU=C =118 =0.9043
AT, =12 -5=17 °C min
AT, =x — 5 (assume outlet water is x °C) C" = C o -0
Cmax
T < AT =AT, _ 7—(x7—5)
fn(Ale 5”(] _é
AT, k. O =C AT =418x(12-5)=2926W
12—
2000 0.189x Y 01x4180x(12—x) Q=80 =0.5952x2926=1741.6 W
7
ﬁn(x_Sj T, ,.,=12-17416/418="7.83°C
7
‘n - =0.9043 = x =7.83°C o

7 4 8. * UA-LMID-F
& eNTU % » B34 8 2%
JEAR IF
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Sizing Problem

Sizing by UA-LMTD-F

3.0 AHELE R I HEcT 0 £
LMTD ; AT, -
4.4 A=QNUFAT, ) > Bz g

G RS A o

Sizing by e-NTU Method

ld W #BEOL ¢ 4v0 &7 B
FRNCERT, fob BT ER
Io8 =00, > F R Z N
C'=Coi/Crrax °

244k ¢ dreh eNTU Bl a8 5 #

dy gt — %2t ehih NTU B(F i

E ) o

3d A=NTU-C,. /U > & 447 % & ¢

BEIFES A

o M e
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2 j-‘ iﬁ— 7 ° . 0 2 87
[] Nﬂrmnnfcfmo Tung Uu:mi — l@; S 1 Z 1 ng":—:'l‘ ..7E.l.; _? l}]J

IR BT EAF R EP SR24 B EFERG 5°C BB
Aok kg S 01kg/so Rk r Iv BER ARG 12°82 7°C 1t
# 5 4180 JkgK > 7% B2 A48 %#UL 2000 Wm2K - 2
CEEEAIBHENERE S LA RR RS- R

Aok wokier
R22 A4 rT — me— R-22 AT
5= d =0.02
P = L =7m
] —
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O =ritc, AT = 0.1x4180x (12— 7)=2090W

UA-LMTD - F = rirc, AT

AT, =12-5=7C
AT, =7-5=2°C

AT —-AT, 1=2
In AL én(7j
AT, 2

counterflow °» F =1

~UA-LMTD = Q

LMTD = =3.99°C

A=Q/LMTD /U
=2090/3.99/2000=0.2618m"

A=1x0.02xL = L=4.167Tm

88

A Sizing Example
(1) Solution By UA-LMTD-F

(2) Solution by &-NTU
O =ritc, AT = 0.1x4180x (12~7) =2090 W

C.. =0.1x4180=418 W/K

Qmax—C AT . =418x(12-5)=2926 W

g 2 2000 o3 » Also

0,. 2926

- NTU =-In(1- &) =—In(1-0.7143) =1.253

C U 2000

nin

=0.2618

A=n1x002xL = L=4.167m

zJ-’/\ .
S = 10

% ¥ & Ratings" Sizing @ *
UA-LMTDF & &NTU ;= » &
F -rr S %f@#ﬁ fF oo
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@ Mzzid .
g@mmr Chino Tung Unwmi U A - L M T D_F/ él'-\ J_;/E o NTU/ é': e $§L 89

2. 6 AN Bt s A A AR UHENR O RIBRA  F &
E]'J?- ’ ﬁ&”‘ =x I fﬁf%\ /ﬁlﬁﬁ J ﬁ'&«‘}:&'—"‘?i"ﬁ’/nt ’ T A d“ Z‘\E -:%ﬁ&

/ ~
L 3%

(N

“‘k
- v

4»

Iz

—
(o]

BEFEEC,, 1T LR

3.7 % &NTU 2 ps > & % 4«
> A3 o

4. &NTU Bl % # F Bl % %
5. fratingpF > @ % UA-LMTD-Fi2 2 & &% » eNTU R % & o
6. rsizingPF » UA-LMTD-Fi# e £ > d >t B E E2 v B RIDE ¢ 5

T~

MBI EGFT R L E DR D WA= QAUFAT,) -
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& Sizing case: (B EEEETE 1.5 mm)

e [5]Rating case  (HEWSMAI_LIEMMA F7K - AR
A Rs12 °CES°C » BN 77 Al A1 kals & 2
kgls » ZUKHIDRE F7°C - fEEzU 15542000
Wim2-K » HIIZVEE K Byl ?

o WIHRAERI/KE 1 kals & 2 kals » RIS R ? (5%
AafEEU ?)

o JEMEELETHIE ? (fEe-NTU chart)
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*xfi E@,mfé ARG Ry EL(E
#5700 m2/m3 > F AR :Z Ry R A

A PAZS

B > 700 m7m (%% S HHE)
-

7J<¥:Ei2§:- 9Dh)mm

60 40 20 10 5 2 1 0.5 0.2 0.15
4 4 4
60 100 200 500 1000 2000 5000 10 2x10 3x10

#2AEEBa AR B), /i

92
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Bz zx8 LY A BRI E o — S
QEBRHntichine Tung U ’:"*:"‘ffy A B/NREHEFE (free flow area, minimum flow area)

Afri Eﬁ@@fﬁ

L: BT REEEE
Vi B ihds 2 Beta

. _\ o JiEUHEEL (contraction ratio = A./A4;)

‘4%, E‘ )(\‘ fji‘lb B BURIBHTEME RS

. 44
4 ’ Dy: /§§ =——¢
53 ;Ih’é' BE ' i KB =S ges e
i o, Ve:  BATHAZRN Z B Rm R 5 BRIV 8 /N I 28 ] AR R HY O 28
—_— ‘IJ,'LJ :li% Vie  #E AN HA 23 A Ay E 2R - s0fE F E JE 2R (face velocity or frontal
R velocity)

G. =pl.

Repn, =G.D/u  (FE G, ZLIAAMEETH)
HiA o, fEL Dy, BRI AT HEE LT

Dy = (44./P)x(L/L) = 4Lx AJA (EJA = PxL)
HobPREREAE » LD, TEEWT -

_ Dy = HASAX(L/L)
T 4" 7 “X?ﬁ /j_/_, = 4(A/A)x(Ap/A)x(L/L)
aJFJ: » ZHHRKERIX — 4ox(AplA)(L/L)
Zi A fE(secondary area) > = 4L (AxL)xo
T = 4oV/AL

T T TR .

94
=  D,=4Lx(0/fL) = D,=40lp (3-2)
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[@Nzsard gz o

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

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

AR R e
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@a;ﬁf%

Natioral Chiao Tung Uniy

£0F@E L3 OLILY | O
ROESS (t) Fiz T

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

96
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@a;i

ST HE /7 R (fin efficiency)

® it 7 »x % (fin efficiency) 7, |
_— figh HIFEVEE N —
TR BB E B RS IREURET,)
Q Q - Ty T,
n,=—=—-= =0=hdn,1,-T,)
! Qmax hAf(Tl'J_Too) i \
@it * % m 7 »xii(fin surface effectiveness), v
_ BB EIEREE  (hA(T,— T,) + hdm(T,— T,)) l
S R RE R NIRRT SN RERT,) | e
hA(T,~T) AT AR
hA,n(T,~T,) = hA(T,~ T,) + hA (T, ~ T,)
&A =A4,+A4
b ) / M
:>77S=1—7f(1—77f) (@QF#IZFELe L am s > M =n=1
0 b)ick #2HEL 387 0 Pn >0
()i ¥ gk Acit ] 3t & Bt ]
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—AT_‘?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

tanh(mn /) »=0.003 m
= ml
[=0.07 m —— = %
o 0.5
mz{ o} h=20 W/ m*K
ky

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

98


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

= B3 - (B8R Rf ik = 20 Wim-K > &
AT ERZ AR R HEE R SR g 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% |

£t
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¢ Questions
o IE T HAE: » B 5E
—{EFEE » — (&
=ME > Al

coun= 3

JEx > 405

E[._

*""Stop & Think

S ACINIEIE]

N —

aﬁz/) ILHE_‘?FE g

o ME asHyEVEE > (AIZHIX ?

o MFA HhasHEME

+7

e (PLEMEREINS)

o INEGTIAESIERIE - (a1 BH0A ?

100

» fAIEER
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@a:ﬁ% ci TL'E_E«.{; gv i / 24
=& 5 |

fﬁJiIl

Pt DU TREA AR S5 S 7 /Y. » ZMERYIHPTT R0 T

1 1 AX 1

UA hA, kA A,
RETT gy BRI sppm

HAmEA R AT E AT

1 1 AX 1
_ + +
UA n.h A4 . I-4 n_h_ 4 _

HIETL mmin EEES opiam

101
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@ Bzidry i - e AT M SR 44

PIRUETAFHOF AL RBAMPMET A3 0 22000 Wm>K » & =~
S0W/Mm>K > n~07 GHAd @ r £ a- B iFEET augnE
FERER BB L RF R %@ﬁﬁén e ® #4581 )o

Bk A4, ,—:.x-.%fx*’mf‘(—lmz) A/A,=10 > = A4, =10 m? > &8
G UTDST hfiad, 0 Bl
1 _ 1 N 1 _ 1 N 1 _ 0.0005+ 0.0286

U A 20004, 07x504 20004, 354 4, A,

= UL = 0.005(& NFHFTL) + 0.0286(&4MHET) = 0.0336K -m” /W

o

—U, =29.77 W/m>K
=EWNAYETTEIE 15% (0.005/0.0336) -
=MEIMEHIEESS% » R EFBHRas IV AVEIH DR A s 22 SR

HE DA EDRQE RHZAR RSB BT
L#w]lé BPEE &P

102
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2 A B et s s 575 (Conti)

®Case 1 F i b|dg4eod-7 5 P43 x‘*ﬁtﬁarﬁ - F > h,~2000
W/m?K > h, ~ 100 W/m?2K > n,~0.65 ("P 2R3 F (P& @ l“ﬁi:&% 4v o B
i é’&i’%"";‘ "o HE(E- BRF]DY)
B A G- Feaf(=1md) ak Ad/M.=10> %A =10m> > &# @
ﬁﬁ'{U_ %:Q'ﬂ’;‘iﬁﬁA ’BJ
1 1 1 1 1 0.0005 0.0154
SR, = + = + = +
U A S ANNN A 0AS 10N A 0004, 654 4, A
e YT, TSy (P
~ R :ULA — 0.0005( PIF) + 0.00154(ZE S (HIFEHT) = 0.00204K - m? /W

7

t
o""o

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

o

> & NI HIL525% (0.0005/0.00204) -
= 1125 B HIPE FHH 75% -

& F D Gt 1 49.02/29.77=1.65 0 RAF 4ok B RN £ 3 %
Rl //" 3 fﬂ“ i lﬁﬁif‘% - 1B #Os.J f"% @'E\:]65%
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m é j“ @'t “% A e o= . — ;
(©) LT Ao

@ 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) -
BRAG-HE=af(=1md)> ARk A/A4=10> & A4 =10m? > &4 @
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 “ J “ J ! 0 °
SIS Sy 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

2> & NAYFEH4458.0% (0.00025/0.00311) -
i1 2= A HT189(592% -

€4 Bgot & 32.15/29.77=1.08 > Rk F4ok S Rl AR L7 %

mg%mﬁ@%&%ﬁ—%,?ﬁﬂﬁﬁiﬁww
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Ny ¥, a
O) ||

r U 4

(a)AP%/)[LA/\\\&TDQ j: 1 , - 2
NS/ NATAERHBR e —

Flow [ |
(2 o

(o)) 41 Z%AIL%%L%\@T L enmance exi ’

E’j)ﬁ}r BRVE - - NG Ap (3BE)
(c) Apaj%fﬁﬁﬂa SR Y Bl AP+ AP, % B % 1 B AP, = 0)
b5 [REZR S A g ik \

YRR - AP ,
(d) AP, Syt RS AR =T {

I SN WEL NI =540

BR[E AR SR M BRI F
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) Bz 3iE A

N’r‘rrrmmfcrmﬂ Tlm__q L:uw.‘rwrj

MAB 23 RUR B8/ NFTiE YBR[ AP; -
S FEEREE LR - o) » S E R 2 e R - SRR
B s R AT JBE 4 LB BRI R IR R A B K, > B

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

c entrance” ¢

ﬁ./)l[_%&hﬁbxj‘}_jiaﬁ )ﬁﬁL/Lpl Pentrance ﬁS'zzﬁE&%’& :

. A])z _(Pentmnce —B )

—L= 1 =1(V3—V;)+KC-1VC2 (3-23)
P P 2 | 2

BHEV, = oV,

AR W
P 106

(3-24)
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[E;@a;i 'y

i Neriornal Chiao Tlm__q U:uw.‘rrrrj

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 BN RBERFFETERY  —BIEFESEAFAEHIEA L
CE# {0 {55 F Fanning [BE 228 3B 2 12 (8 A B B Rr A1 E Bz R IR (AR By
EF °

107
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Blz & L%

National Chiino Tung University

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 Vexlt pl Ven trance —

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

S AT A RS I R B &K Frid (Y BRRE AP,
HERNRmEER  GUREE/N > (d)IEEB VRS B— BT ST R ITE
LA IR - (BB B 2R RN SRR K, > HI
AP -1 S

c— (V> -VH+K &= =—< (1-6*-K 3-26
p2 2 ( c jr) e 2 1082 ( o) e) ( )
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P L SRR AT
AP:APi—I_APf_I_APa_I_APe

2 2
i{(l TR LA

1
(—-—)
p 1 ,Om AC ,02 pl pz

: _<1—02—Ke>}

pm . (PJJFP)/Z

109


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

I I ] I ] ]
— K. Q000 —
1.3 Laminar O 00 —
| 4(L/D)Re= o0 —— OC00 |
1.2 | =020 F XK
1.'4_. =(), () ,_\\\\ \
"‘-"--l" - 5
& ER 7 K K, e S AN
e/\ 0,9k =L :i-.. . ,__%
E(ERAE N
=V // N 0.7 M R
Ka S and 0.6 Turbuleni == - B
5 Re=3000 —R "~ {~ . _
/ A . N e A
LOndOn 1984) =T Rl 38 T AW
) = - =1 ek EERA
< 0.2 = L -
M’-J 0.1 s _h‘=_=-;=
(0.0 5 a -
-0.1 - Ke
Turbulent
-0.2 Re= 2
03 o —={
-0.4 3000 4
I I ]
-0.3 Ko Laminar f/f
-0.6 HL/D)/Re=0,05 =2
0.7 0.10—"}
: 0.20="9~
"U.H (=" =] f"
S |

0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
0
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Kays and Londoniif5 ! » 415R TAE Uit A 48 BAAK gt 52 30 A8 A1 Y Bt 4 B2
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 F535 12 {IfH i A 277t B i EEL BT P 25 ol Y B [ B R 5 Oy O IR [ &
ff > BIK.= K= 0> FrLAz(3-27 A S5 RK

—

P P P P P e SN

O
O
@ (b));-urﬂ‘J,é‘é;%‘
O

M
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o\ Bl el , j, %
[ ﬂm%i‘ia % L};::r:.-;jry 112

B3-3-1 © — & & stripfig 7 AVHIGUE R E 3-19F R (B &R E ¢ 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
BERE - R TAERBE B22 OB E R o= 1.145kg/m’ B p,= 1.1 kg/m’ ;
SEH Y viscosity 4= 188.7x107" N-s/m’

112
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: - o 3-3-1 f# :
@%} % Lt“%; RO EEE N — BB R > 40D, 0 5 FILAEM R FEER R~ 13
HEFTEMEL MR B B I 1 — A R [ BB {E B R I B13-5
B AR S A T S AR © [3N3-2 > Dy = 40/B
s.o=Dyf/4=0.00154x2254/4 = 0.868
G.=pV;/o=1.145x10/0.868 = 13.19 kg/mz-s

Rep, = GDy/pu = 13.19x0.00154/(188.7x1077) = 1076.4

FHE G £~ 0.044
2 _ 2 2
M:g{a oK) S A 1 1, (-0 Ke)}
2 P Pn A Py P Ps

I HAIHE AR SCRT A 48T % B BRS¢

(a) At ERAE O oY BA
FH B F U5, Bystrip fin - FTLARGK, Rk, BEHERIRep = 0 » FHIB3-15 -
K ~0.1 K, ~0.02; Xp,=(1.145+1.1)2 =~ 1.123 kg/m’

2 2 _ 2
AP,-=$ (-0 +K)|_[13.19 }(1-0.868 +0.1) , ..
2 Py 2 1.145

(b) JEEIER 7y HYBR S
i D= 44.L/A> L=0.4m . A/A. =4L/D; = 4x0.4/0.00154 ~ 1039

G’ : :
ap, =G| LA _[13 19 1(0.044 ) 039) ~3541Pa
= o, 4 2 1123

(c) HEE(LHIEERE
ap =9 [Z(L_L)}Z(B'WZJ (2(i_LD=6.22Pa
2 Py P 2 1.1 1.145

(d) HH TR A A B 15 £ B

2 ) _ 2
APe:Gc (-0’ -K,)|_(13.19 1+03868°+002) o p.
2 2 2 1.1

CUEFRRE AP = 26.3+55%1+6.22-17.92 = 3555.6 Pa
AR ARBIRRIAP, i 99% |
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SRR S BRI R AL

FH e E R EC(Reynolds analogy)ifiZk B Jt{EEit _'61/)ng«< 2
PREER VB EAVSEB L(AM) L L BRI B E (M) - FREEE
HIZE LAV L Lo pe iIRAFNF EQ, 4

W AMIM = AQ/ Qo (3-30)

7,dA  hATdA

£

(3-31)

r

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

— v (3-32)

114
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Nﬂrmnﬂfcrma Tlm__q U:uwrrsrry

BN
£ =f x> PV (3-33)
h_ [ 120 A
pre, pV
s (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*” = f]2 (3-37)
S — PR A 0 FrLlColburn j factor FLEFEU T °

j=SPr*? (3-38)

115
J=12 (3-39)
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A EFAENAR MR GH j = MR R(EER R GEREL )
ZAMNEE g R Gar BRGNS ghEsEHBsynm e
HWEM%%M A EREMPAAERERTE ? EXLEREE -
h

J=ﬁgPﬁ Kot RRE  —RAVEEglae RN ey - B0

TG R G/ N R A S T -

LA

Cri

Ol

L —

116
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lilij- E&JPQL %F 117
Nﬂrmnﬂfcrma Tlm__q U:uwrrsrry

-
| T-dm iR &k 88 K HEdg N=1
MmAMBEELE W=505 mn
N #EmHEHE H=335 mm

M d. =10. 34 mm

P=25.4 mm, P;=22 mm
0.1 - o (B A B AE)=0,12 mn

“\\ F, (# R r#E)-1. 28 mm

e f'mluc}._ fa
&2 i =
RS A AR A B R BT R Y BTG & NUIE Nek |
o BT AR 4 (] O~ “\ T [T,

EEW =595 mm \‘{R \

w
d

=& H =355 mm \
BEHREN =1 0.01 H " =
S SHARTIMEd, = 10.34mm
g [EE 5= 0.12 mm
i | B [EEIEEP, = 25.4 mm 100 1000
fig 7 WYKERIEREE Py =22 mm Re,, (= G,D,/M)
PR AR IR R B 4 m/s > S (1) TERVIERIER (4p) 0 (2) ERVHEEEE

(0): QE s L HHHITE  (4) B HEBHEAEHSE ? O)ENEEHGE (V)

=4 m/s) ; (6) BIYERIE(EAT BRI A 122 RAYEE 535°C » p,= 1.145 kg/m’ > 4,

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

i

17
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]
==
—
.«"-'-f ey = a
7] = BEH2TBEBN,
___,.-f"-u:n
ey :E:ccccccc‘:n.f"’f
= —
-_/_-"J-I=ﬂ
%:c:fcccccc::n_-;
L i A =k
—]| o g 4| 9| 94| 9| 9| 4 .-""-f
<
N | B § Iy | PP | Wy | e | Py WERIER

i
S
ar
e
i

Sy v

< C B R Fins

|

-
£
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(1) HEBfEHEEEE Re, - P 2 8L (E —1)(E -1)
(2) 35 HESU RS 24 B 6 OB 5-4 25 5 5 48 7 = I 55 ) ] 5-5
(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 LR FEA 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

w>mzw[@%w%wAf%ﬁ@B
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FT"//éﬁf 1 j: PP
0,

e T X R
) F, ] F=r -y
0.134R 0319 il 5-20
Jj= Ca, FL (5 j ( ) L e 0
P -0.927 P ’/. E,
=947Re 10| = i 5-21 e
pevnen ()" (2] o |
; ¢ 3

)
o N L\ \J

L _ M

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 J 0.77 e e 0
j=0292Re} | 2| | = L] |==] |= (5-23)
’ do FL Fi do 5}‘
0.25 0.76 0.73 0.71 0.38
f =3.805Re;"** £ 2 d, d, 4 (5-24)
T4, E d, g 1§

H

d
n=—0.415+0.0346(;] (5-25)

S5 % B 30 5-20 % 70 5-21 {8 38 F 7 48 DU _E O B4 5 ﬁasm&ﬁ‘
S 240580 FE R 6HE LA+ 5340 35 5 2 5% 35 8 8 A1 2, B 15 55 B -
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e wHXG A 2R St o e X2 B E > FN=?
(DHX e = < 3-8

Q) M & Gl h 3
p = Nuxk, (j;j(Rec— 1000)Pr,

' D, Hrt Nu = Nusselt Number = ]
FY(
1+12.7 5 (P,3—1j

(3) % F # B SIh, | ) = ) xGxC,, <P

(4) it Bk B 7= tanh(mrg)
mre

1 _
UO:( j LMTD:(ATVI ATZ)

1 1 AT,
S 1
hi hons ln( ATZ j
()8 Q=Uo xAoxF*LMTD ¥ ¥ 1o = $18 # 3 #Nr

@) z 5 Rlfog RIRAE

(5) B4 @ U

(6)% BT 3238 £ LMTD
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Nﬁﬁmmrfﬁiﬂﬂ Tim__q L‘niw.'l'sfry

(% j(Re—looo)Pr

L A IR R S ed

¢, f =(1.58InRe—3.28)"

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

0.14 T n
| Hp | 1y

HRKNERERANEERARRBNEARET > MAE LTI NE
DD, = 4B EE REERNES > BEEFD, =D - d)NERGHS
%) NBHLARERRIINEER L REE -SSR Hik
EEIID,, , = 4x4,/(nd,) = (D} — d,2)/d, - & W FE B A E w0 E A R E
S {40 Taborek (1998)E1 Hewitt et al. (1994)%] &2 {3 Fi A2 4 1 7K ) B 1R A
BB B R [E (ETE R Kakag Bl Liu (1998) Ei Kern (1950)HI¥ D, ,
EIENy MR ERECEAS P RefU S M EREYEED,) » &% 59
BERBANEE  RBEFER L 50D, = (D; - d,)8 % ; B 105 flie
ME 58 & - IR {7 %5 {# A Dittus-Boelter /7 #2 2, 24 /& Gnielinski 2} &% g = HF -
H 3 9% A 7 8000(HEDH, 2002) %
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Nr aral Chiao Tung Univ

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

1.07 +O.117(RePth

Re
Nutr o Nulaminar,Re=2OOO + (1 33 _ ( 6000 jj Nuturbulent,Re=8000
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1) . —Fs AS13
z 28~ Example: —{F==2}
ﬂmmffﬁiﬂﬂ Tung U:rivc.'l‘.'i Xa p e u _3 J [ L Dé\ A I
i ' P TDi 370 K
51 & 74 , Engine oil % 4
" =
= = ﬁ 5 340 K
@) v
-k, Water Q5 g F
S| S| 3| 2] 323K ¢
i | Yy —— ~¢ 303 K
4 A K B 5| S B e G R4 T - L -
m,,; =1kgs, T, ,=370K, T,  .,=340K
water - O 767kg/S, water,in N 303K

=5 M & By Carbon Steel (C »0.5% >k, 53 W/m-K)
A EE AT RSN REEESL VA5 ?

T(K) | poit (kg/m®) | con (kI/kg-K) |11 (Pa-s) Koin Proil T Prater GRS Fater Kuwater  |PTwater
(W/m-K) (K) | (kg/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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Nitioyal Chiro Tung Universiry
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'

orer 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)

7= k; x Nu, _0.618»498
d, 0.04094

Nu, = =198

=29889 W/m* - K
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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
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 = Koiy X Nutpyy  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 14 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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T EXample: BgE I

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 %, $E B [ {5 =1 B
B2 3 F o @REERENBIG RIS LR 0

Narioyal Chino 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.,))

£n1 o _T‘C,l’
T;t,i _Tc,o

=41.8°C
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Az ﬁk,?éﬁgééﬁiﬁgiﬁﬂ”iﬁ’%xﬁ BRI B AT RS-13 TS |
5N 1

1 1 1 1
= + +
UA nihiAi noho Ao

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= ok — =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 = Qf¢/AT;, = 36.85 m’
BIL =21.53 m-> EEGREERERNL > EHENGER 2156 m
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% (Shell-and-tube HX)

#5824 E D L2F % B (non-compact) -
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) Bz 3d kY

FEETES o) R 3ng) s
Stationary head types Head types

Hrjt[mmfcrmﬂ Tlm__q U:uw.‘rwry

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 e 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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& EE[0[EIVE shell Bardf H ZMERCR £ ZHE - AL
e nJRE(SEHHE shell -

o WIFRFABTEROnAA/N » i[5 REFEAF shell (7 RNE]) ;
{EER A E SR AR o F shell M4 & € & 14
HIFHHVE B

o WRFMARIRREFIRSG] > R LI EEER J shell 5 A4 -
FERR G LR o

& IR {HEHF shell{hd A m e eI BREEY R & » HI T LIZE =
G B¢ H shell -

¢ WREMNREIFE A - A5 EHEAX shell » {HEMHFE
ErERAVREECEGTEA - DA e REIHYERE
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¢ (a) Bonnet : ¥ %6 H INE NEOE 2B
(B ) -

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

& (c) Channel head integral with tube sheet
(CHE) -
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2 3R 3t
¢ [HENE 4‘)in"“”r(ifDL l\/l N )& Ry EX[E] - i BB ERAR
Hﬂﬁ&ﬁ% HE fﬂ?%&ﬁ%é%%w%&bb%&%%ﬁ  — i
S n AR NN T/Emee HEA » BEZEFE100
F (56K -
o U SE MRS BT B B AR - LA
Zﬁéﬁ%ﬁ xﬂzdﬁ%jﬁ 1EI KEfz e Lfajﬁﬁ/%fﬁ

& §F EU/%%jJEE}FU—QDﬁ“Lf /:\m\H% Q{EE‘/]%K
8 P Ao m 2= TAE RS E

e
floating-h
cg;vﬁ? grhead  ghell flange
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(c) Internal floating head exchanger (d) Pull-through floating head exchanger
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’j/ b & %, Shell flange

% 4, Tube sheet
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Channel
flange
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%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

A4 A
T4
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#ﬁﬁiéﬁﬁﬁg o 7 " 2 » 4] Segmental baffle

EHEERE R T
HER D NIt
wEEH  HE Rk
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
/DEE295I5f(50.8 mm) o= oo

PA EEGER10.5Ds
HV](baffle cut)Ed+E — Doughmt

ﬁi FEﬁ EE El/\j %%j {%ﬂ‘}zﬁF Lo ;}g,}; Or1ﬁce baffle
EHYRRAAAER © ontee

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
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82 3 7 F

baffle cut (& * )% n4d

s
=1y
4
=

14

__Eddies

____________ _ | Main flow

Main flow

Bafftle

= TR A TR AR SV A
LI EPN R A
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Natioyal Chiao Tung University 2 £ N _:_r'
BT

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 T 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 ==

i HE 7=

N, (—1EfER EIHVEZVE BV E PR -
number of tube rows crossed in one
crossflow section, between baffle tips) :

F. (AZsEmEhE SZ 8Ty LR - fraction of

total tubes in crossflow)

*{3 window 1 & AAC s8R B A e (B ZE
EHEE (the number of effective crossflow

rows in each window N_,) > Bell 1R{E80E
ans NS 52

148
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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

i(shell to

& F,,,/wfraction of crossflow area

for bypass flow - (XF&5Z %5

FEFT{SHYEEH
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(30°) (45°) (60°) (90°)
Triangular Pitch Rotated Square Pitch ~ Roated Triangular Pitch Square Pitch BEABATHBNERAE ZE > THT
2
N, =(cTp)™Par
44
0.93  EllZHEREIEIEL (1-Pass)
CTP=109 Bl REEEE (2 - Pass)
0.85 EflZHPER=[E% (3—Pass)
A, = (CL)P/}

1.0 45° €1 90° 7
150 CL= 5 (9-4
0.87 30° Ei 60° #EFH
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SR B NI RS P2 R B e DL 5 2% [B 8a &

el ~ RmEY7 5 o] HRe gy = Godo/us = 1005{5?/‘\ =

Re < 1008F » B[R iR » & Recr,t 10085 > ﬂiﬁﬁféum

§D§r$1§U%/JIL>}IL§ﬁ AIIA] =2 it 2 m A fA 2B (R DU FE HY FE

}L(DSI'QH@Iﬁffmﬁ%ﬁ\Ej_jﬁﬁ’ﬂ@ﬁ%g%@ﬁﬁﬁm HELFHE » e
ZRENER i
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n,max

?‘Z% JﬁtTﬁEﬁ:
S EVE HRENES
g RIFLfFEEaT i
SRR
e ORae o (L0 &l Pl
T~ SR ETIR

—>
>b“

¢5
=
o=
5‘.'3
-

000000000 (a) —
A3
¥ e Tube plate
| Impingement
t rod
(b)
coeeeeeCO —
k3 %F
Tur%e plate

EF R o

%

\ )
B
First
baffle
|
¥
S
™
B
First
baffle
Extra tube support
plat
T S

|mp|ng|ng p|ate N gﬁ i %LJ- Va}:;belt )

@I = |mp|ng|ng rod

2250 . N >
I <m/ ﬁﬁﬁﬁbw%ﬂ =

- P
750 1_
— < 328 P R A T ﬁ%& - x>
pm m IOG ,OL
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A EHEE RETEE > Al KR PR A e 0 B

-

4500 AN
5 (s, 58 FH BEAE R A )
. <m/s,i@ﬁﬁ ”“*E%%%ﬁtbc%%%%ﬁ%ﬂ%@?>

n,max

(B2 7 S FEE ) 2R

1500 X . 1 x 1-x
<m/ s, 28 AR e, o —=—+ >
pm 153 pm pG IOL
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[ﬂé j:@_};ﬂ% . N
e T T

BigE Q=UAAT, = Q =U A AT,

Alni

1 4 A d
= + +
B UfLs: 280 %8 = Wm2K)> 4 fed, 7 ¢t feg p RlE @S
oo n P & B 7 & & F P (fin surface effectiveness) » & p “H 295
L Ang=n; =1
hyw BRI Z F R A8 Tadic> s PR A 8 Tl o
BIEFR=1/U,
Fpl(& % *’F RI)in A I FR =1/, *h,)
BRI A2 3 PRI R =R/,

PR ! L#mR-—(AO/A,) *IMm;
? P - irr}‘,_ime (A,/4,) *Rf
B EEIEFLR, =4, %R, 154
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3 . =
maxﬁ g
N’r‘rrrmmfcrmﬂ Tu T:uv.g'urj

?i\‘é@“:fpﬁw,n \:Z’I:?;J.’,v/
(Kern method)

M4

0.14
h /
Nty == ‘=0-36Re2;7i?1Pr‘/3[iJ (9-36)
F
4f;/1(llG2 (N +1) o =
APshdl 0.14 Cl

2 _ 0.576-0.19InReg,,
4](shcll -

G,\' D(’, j
Y7,

Re shell —

A
G, =—1

‘ A,\‘ /

As = C’'LyD/ P,

C’'=P,—d, \ /
/? e g = w24 | =
4£P2_7[d02j KCI’II MCthOd Pt > C EQZE-?‘AL/I\/EQJ\ =i
t
4
for square pitch
S L zd,
_AxORUERR
T UERER 2 (9-43)
WRER |42 1 7d?
: 22 for trangular 56h
d, or triangular f
)
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B 2 318 HB1 9041 RERATHBEZKTR T
Narional Clino Tung University HNER I AE D, = 0.508 m
& INMEd, =0.01905 m
EINEd; =0.016 m
fEM I EEL, = 0.5 m
BB RE =5m
P,=0.0254 m > P, =0.0254/0.01905 = 1.33
30° HEF > 7RI A E shell > Zfll 2 TR AS FK > A LR E K363 K
(90°C) » /K& K525 kg/s » 5 DAKern A it T 7% (I Y JBR [ Bad =% (I Y BVF AR 8 -

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

{8 4% #4 & By Carbon Steel (C ~ 0.5% >k, ~ 53 W/m-K) » & {H] /K 17 #E O %
a0~ o B R W (=8 HE R B e =50KES, T e, 1w =283K
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N > EMmAEC =P, —d,=0.0254 -0.01905 = 0.00635
O U S O N

National Cliino Tim__q Unilrcl'sfry 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 0.14 2x965.3%0.018

20D (u)m

w
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Narionat cline g niversy Bell-Delaware Method

_— T

,—!—*

Tube-to-baffle

Window
effects

2 leakage
|
| Shell-to-baffle

I — leakage

158

Bypass
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) @2 3 7Y

N&ﬁbnﬂfﬁfﬁiﬂﬂ Tung University

PR TR SRR BN i

—+ 2, ~ ~ > d
BOF A RRE R A i

|

A stream : ‘S BL{EHEVE RN AR

B stream : {HEVE BLR RSB AR FEEZEER 77
C stream : YN BVE LRSS HM A o

E stream : $EfELYNEEIFE YRR o

F stream : % [0|#apGRaca TIN5 EE -
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\ Bz xE A

y Narional Chiao Tung University B ell_Delaware MethOd

EplA Rty

@¢«?m#?;\z§i THBEPN G OMRE S DR A

7] ¢ Bell-Delaware =
FAR A rEEEIEA TG R

Al R H D AeT g
h = h JXJIXJ )dXJ (JCXJIXJb)dSXJr'_—. 0.4~0.6)

SO T A SR BRI @
J o~ J s J T A AR 3 T B Gk
> h R TR T AR SN A »La‘xé‘?f?*":ﬁjm’%% i 48 ; Bell (1963)17 % 42 s

$o 7 S e b Al h TR AR A 8 Ak o & @ il ¥ 14 & F]= ¢0 Coburn
Jj hE Rk &

h .

0"

Y

v

t

j = h Pr2/3 ¢ s ¢S

G,c,
-0.14
) . - ) d, 2 ‘\ /
(zj AL (B Y BV L, AN T E R T
; BPiE o g R YR AR A
. SZ M o £ L A M A '—‘ S R .
é _<1T 27§[|1§|5'QI{’E/;IL‘%§2%%\%§,Efﬁﬂfﬁ%ﬂi/vﬁﬂ s 1L HxH» 4 2R EBFuagd g
£l > X 5-7_ AR &
( L ] MRTIEREARE B gmng s & 5 - KT BRG]
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1.3 , r
Lpe=45% _ Lpe=15%
| 2 |« Working Range »l
1.1 /i
i

/ |

1.0 5
-
Original Curve /
Je 0.9 4
0.8 Linear Approximation
Jo=0.55+0,72 I
U7
(.6
0.5
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

urg Un Ever.\s:7

C

g

‘ch

P

/

B xR

Fe

1.0
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3k %

0.8
0.6
0.4
0.2

1]

ﬁ_.___.._,ng,—uegmry( Atb _I_ A ) / A '/ I~ J—%_]

Ak '[5 |
e [ {ITIELI ;ﬁ:ﬁﬂﬂ
NN |
N\ Ayp
\\\\\;\x L
~ o
\xsx\\
0.25
% ]
\\\tha
07N
\\‘M \
\“‘ ﬁgrlli].uukugu \
Shell-to-Baffle) K"‘*--..
0 i 0.4 0.6 0.8
Ash+Arh

fi;-”
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Lamat
% 1% % Penetration area t
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1
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W
e

o
o
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o
o
O

"‘--.____-_
x
OO T Y /r\\

AOC00E 0O .
: : g : : 0.6 3
gdo & oplp ()0 T
iL W ”:O é O:" 5 i - (Mo Sealing Strips) \‘-‘\\
Sealing Stri ' ag e
OO0 Q0O £ 5HP —— Rey = 100 gl
OO0 O

- == Reys (M)

% il % Bypass area

0.3

0 0.1 0,2 0.3 0.4 0.5 (6 0.7

Sealing Strip/~ & & Auihi
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ﬂ:m_g Universiry

J : L__ : /n‘-/n‘-ﬁ""—r > A i::—"’g /E'_}i/w\#‘,%g
28 (adverse temperature gradient)

e I{..:_\q-I 100 .I_}
A
80

0.8
{6
70 )

: i \_ j B )
0 4 ufrr ;

0.8

Rey=91

J
$0_" 06 50
ﬁ{}-"" )
41
i k1| j
0 = Reg =20
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Bell-Delaware Method(Cont.)

i) L

QAR EE
P prmﬂ@“z? d = B ‘gpi%m}fiuﬁz;,l-g Br1E T
(v B (Fiedv PIEFEFET F) -
(b)r 3% % 3
(c) Window ¥ 3 7R "%
AT IR AR E e

AP[OIZAPC+APW+AP€

i

(kN

168
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& [FEcHY > FAFTICHE ’Z% HHEREARRE 0 &

%E/N@JEOJ?BEPEAP,), R R JA ]
_@ EF‘L_ITHFEF {%%‘Q }*%LJDQEELH‘EQ
YBR[
41.G°N
A}??i — fl > ¢S
| 2p,
Hth G, =M, /A, ¢ BB IE &

169
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L % B (2 E-shell 5 &])
AP,= AP, (1 + N,.,/N.)RR,

& R, - Ry CTEA PN E YA T bgati FETERHYARRE

L{%ﬁfi

¢ R .Ml 2(C & F stream)

_
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®) dzx
% Wetional China

z 2l £
AP % s e RRR S

AP, =AP; ;x(Ny — 1)R,R,
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I. CHM\NlndOW Ell:l)_j{ =3 L%B'fﬁéﬁm
lgﬁ“'/iﬁ\;[ E%/}«:\I_TAIE% —Eﬁi%ﬂu\\ 9%

AP, =AP,, ;N,R,

-
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National Cliiao Tim__q Unilrcl'sfry

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

175
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©)

z 3k ¢

Neatiornal Chino Tung University
(W23 LAl ETE DB - B e B G E B A PVE (R 8
.%%&x?gﬁz%spht ring and floating head ! = » A H5[& 9-29 1] {5 1

App = 0.035 m > AT DL 9-56
D,, =D, — 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

pAd, 9653x0.0742
pV.d,  9653x0.349x0.01905
L, 0.000316

% 55 71 ) E Bell-Delaware % Szl d, i Fs Ref Fi & & > i Kernyk
ZEUDERBEE -

Re =

=20300
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National Cliiao Tlm__q Unflrcl'sfry

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

H = 9-65 177
J.=055+072 F,.=0.55+0.72%x0.649 =1.017
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. - 2 Sk
@236 5 0w
Nﬁﬁmmrfﬁiﬂﬂ Tim__q L‘niw.'l'sfry ¥ . o - .
HhRERMAAGERBERES > HX9-5

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
-22—=—=
‘],€ . 0_44(1 — LJ +04 _ ASb Je 4,
Ay + 4, 1 Ay + Ay,

=0.44x(1-0.3472) +0.44x(1-0.3472)¢ >>1959=0.515
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National Cliiao Tlm__q Unilrcl'sfry

(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 BN, <3

179
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National Cliiao Tlm__q Unflrcl'sfry

(5) BJ;
i =9-47
N, = L-L,-L, +1{5—0.75—0.75}1:8
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
¥ EEEE G F I Kern JEE EERAGEEE (4185 W/m*K)
% JoxJ xJyxJixJ, HVH F50.382 Bx & AVEEET(H0.6 A1K
180
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National Cliiao Tlm__q Unilrcl'sfry

(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

1 3£9-46 » N.,,= 0.8(Ly./Pp) = 0.8x(0.127/0.022) = 4.62

HH=F9-75

AP, = APy(1 + N./NIRR, 181097.7x(1 + 4.62/11.55)x0.964x0.418x2
— 168 Pa
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LIRS SIS 3
) o« Nﬂﬁmmi‘rfﬁl’ﬂﬂ Tlm__q Unilrcl'sfry

(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

182
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National Cliiao Tim__q Unilrcl'sfry

(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
N P

Y2
562.3°

2x965.3

2
26 Gutt (Lﬁ_b;}o.oozg—w & Re, <100

t o w

2
=(2 +0.6NCW)S—W =(2+0.6x4.62) =781.3Pa
Yo

Rtk - window HYZEEARE AT HZ9-915TEH AW T
AP, = N,AP, R, =8b81813x0.626=39142 Pa

(5) 4EPBR[FEAP,,,=AP . +AP,+AP, = 545.6 + 3914.2 + 168 = 4627.7 Pa
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AL IEfE Leakage & Bypass

¢ —HEMIMRE R L - R R HEEVERE U

Alné
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1 4 A l.
U 77i "41 770h A 272']( L
“ Tﬁt?% ’ /]T KEE' Slzmg ﬁ Ratmg 5 i’jT | %mﬁ\
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211-1 - B ¥ PR T R RERBEFRER DR

1 ¥R FRIHERNFHAL TERR
8 ip M A& THFRRHE ik
(food & kindred 47 ! % ¥5 (milk processing) RIS
products) 4 s vog

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 {5 % #5(liquid, cooling water) i &

products including g % 3= (process side, cooling water) S 4
paper & allied 4 % 2= (cooling water) = &
products 8 £ i 2 35 (process side) %2
J A %35 Px
it 1 &4 M OB * 47 0 B 35 (process side, cooling) vE
chemical & allied
sIaV AR Al o R ={ElE e - B  §GYEYE
¢ SEIRAVA A% SEz ° HIL 0 450

(foulant)

INE

5 5[3 P
/\\\)Q

ik oLs

?ﬁ%g%%

SEIRYIE YR

LY (EA
S LRGSR

AL AER R ﬁﬁﬁ%ﬁiﬁﬁ"g

mx%
WA H 8

A

R

0 AR EE
EﬁumHEEQF4
FC@ZH\M%@ SIVZRE
» HIl4EYEYE [E]HG A

)7

~

EIEI—P

w2 REIT EAAC A ES

TR AE R S AR

paliEN)E Al
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¢ MrHi%55(precipitation fouling)

¢ [WNIgsds(particulate fouling)

¢ (LEKIEZLYS(chemical reaction fouling)
£ TAEMASH EH)WEE'}QF“ SEoRPT YERS © {EE2
NSRS eh4h e A [F] » BACHasRANE N S E -
B2 A BEFS S FE ?\Eéﬁﬁﬁﬂﬁﬁ%@ BN & S e
(polymerization) ~ Zdf# K7 [fE (cracklng) iBrGEIEEL
AMEEA Bl LT FAHE

¢ JEab%5i5(corrosion fouling)

& Jtl[E4535(solidification fouling)

¢ 4£Ystis(biological fouling)
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N&ﬁmmfﬁfﬁiﬂﬂ Tim__q Univcrﬁry

sl Lo arl kb o Ak M B R
FIeHEERIFE ‘:’T’ﬁ!’/'g&

Linear (a)

T 8% g,k:z;

“ Falhng rate (b)
,
;\é’ br e 4p
El / 2 |
I Asymptotlc (c)
W2

{

e
—

7% , TEHp M T B (TR
/;/ Perlodlc change of operation condition (d)l

t PR, Time, ¢

109
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ﬁf_‘fﬁbnﬂfﬂfﬁiﬂa Tung University

1 1
Uf o d N d
A /In—2 d,In—*
Ao 4 él" dl’ do i do + L4 p
hi ‘/47 ho Az . 2 T kwL 4 W go ho di 4 w /o
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Fflf}ﬂ{’mr Chiao Tung University

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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i Tung University

m’K/W x 10
2 10 40

1{}0{] 1 1 rnrrl fl I 1
_ )

- -

]

— 100

8 C

:S L

., i

E -

'E L

=

S 10k

& -

<] L

&N I

<]

L] Lo aaal
0.0001 0.001
r, (hrft’ °F /Btu)

GRS L PR S

1000

(1-0,/0,)100

mK/W x 10°

R B B A |

0.0001 0.001 0.003

r, (hr ft* °F /Btu)

F13 R B m M B R A (%) (F

192, '

Jr + HEDH, 2002)
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National Chiao Tung Unj ity = “l'y', . Kﬁz y E/ 3 3
Sz 3 ﬂ'@ £ BV IR0 %&

47, 1 )
AP.=—-Ff. -—pu
C di fc 2,0 C

4L 1,
AP, ="Z.f. = pu
I d, " 2/9 !

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

A,

= > N )\ -_—:é . . ﬂ- 7Z- >,
THEERRR —&(H me=m, :de X p; XU, =dec><pf xu,) o Hll A& H

5
AF _Jil 4
AR fold;
S BR B 75 95 BE 9T By

5, AL

— & R AR

k, /
rf B df 11’1 (d i / d f ) epn L N S ~v‘“‘;“;‘/"“;‘;‘{é"'

- === %}Fljﬁ S
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¢ (EIRIRHIEmCR T 2\

o & mll gl (R

o WK K 7KHEA G

11-10) -

o FEEHHL T (TR R 3mls) =

o HEENIRENZ%
ZESRIE Y

LA SR L R R 2
(Courtesy of Consolidated Restoration
Systems Inc.)
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Nﬁﬁmmffﬁiﬂﬂ Tung University

N\

b

hllﬂl‘\"\\

~
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

\I-r
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¢ EV)aETE 2RI A
o S LIFHIF i (oxidization techniques)
o MR HHIZEEFY fir(thermal treatments)
o HBAEF fir(irradiation techniques)
o i1 fir(ion deposition techniques)
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Two-phase Flow & heat transfer
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¢

=il

=
—

Interm1ttently dry
s 3

Annular flow

Tube wall dry

200

x=1

(=l

Vs

=|

1%

Hpf 1
Single Phase
Vapour o
Drop Flow
Foan
Annular
Flow
e %a ® @
® 0
i [(L
Slug Flow o
[aws
e Q @Q
U =)
;f; b4 o (=
Bubbly e
Flow %1 5
* e
H Ap el
@

Single Phase Liquid

x=0


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

a;if%

mal Chino Tung Univ.

KRN B

o ENPHREITONGE - HVETRK
VE > HItREZEFNE FIN LT

Z=
L

\//
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8% 3 5 ¥
éf;\)im—stratified flow
& ‘=N HRES RS BT RSN AT g 0 BHINEE T
522 » HILREEEMOEE AR LT - MiERE
H T RIMEE THY T+ AIRSARRELGRE I HYHY
7= KT o B E JHIRUE » ARREENM e
IR EARBTR B (wavy flow)

. i .

— SN NEIPAY B
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82 3 ¢

L& — intermittent flow

¢ L AHPY R EN /?Eiagﬁlﬁ@w@}]wwa Y [E

AR Bl (slug flow) - BRI

JHf AR % B BE 1

- [ R T El/jgiﬁ/ﬁzﬁﬁ/) T

EHACFEREAE - B R Ea
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|® |ziar9
faﬁk/ﬁ—annular flow

& IS0 0 (RFERH R BN » RREEM DB &
ﬁ”ﬁ¥%lﬁﬁé¢ ff%%hﬁﬁ%i%
BHREND > A IR B A e A
R FHINEIFE T JHYE » Al —3

% éﬁ/ﬁzm}ﬁﬁ?ﬁ SN o B —E
AT B E SN N > T By

entrainment
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Nﬂrmnﬂfcrma Tlm__q U:uwrrsrry

e FRHY R Z A L S LB

5

A ”F? F &4 og 7f;g m2
A F AR 3R > A ik B G m’
A AR A ik R G A m’

a s ‘}C? W= Ag/A & F] =X
r g%‘r X o=0 kg/s
r F #B LI U "3,' kg/s
r RAR IR R R S kg/s

I B AP % B (enthalpy) kJ/kg
i F 1p 30 l;v\ %, 18 (enthalpy) kJ/kg
i e B 3% > %4 & (enthalpy) kl/kg
I F % 4p % 1 B4 (latent heat) kJ/kg
* ok =71 & ¥ =
Xth 24 R =0-i)ig & F] =
G REFTUALF =G+ G, =71 kg/m’-s
Ge FARIRPE R F =Gx kg/m?-s
G, AR HRE F=G(1-x) kg/m*-s
X Martinelli %> Ik = & F]=x

(dPL/dPG)*°> A 4pim @ i f 3% 1>
R e § 0 p R

UG F 150%*5" AP m/s
up, R AR TR R m/s
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¢ Question, ¢1{a[5TEH
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@ Bziary
Martinelli parameter X
E e By (dPL/dP)*° » W1 5B 5,0 W HH B A 20/ IR e TR e

2

2
AP, = 4dL fi ZGL . 0.0791Re;°-25—(G(1_x))

p. d 2p,
~0.25 )
B 4_L0.079‘(Gd(1—x)J (G(1-x))
d Hi 2p,
’ 2 ~0.25 2
ap, = 2L p Yo _ 3L 791Re 02 (Gx) _4L 0079(de) ()
d’'“2p; d 2P Mg 2pg

0.5

(040" (o)

A m 2p,
_ AP - —0.25 2
o (de (Gx)
Ha 2p5
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[® @237
B FE A B > B TR R N

¢ Cooper (1984)f2THY THEZ

55q0.67M—0.SEm (_ loglo ])r )—0.55 (121\-&)

0 0.67 3 £—0.5 pm —0.55 =3 P
904" M ** " (~log,, P) (EE)
A M A3 B hyep (W/m*-K) Fr % ¥
e e 7 i R A P.=0.1 Kandlikar
m - O°12 O°210g10 Rp kg llaar Grer  =20000 W/m = fg ;% 2t & #
kmole
R-11 137.37 44.7 2690 1.3
R-12  120.91 41.8 3290 1.5
R-13 104.46 38.7 3910 s
N v = ) N R-113  187.38 34.6 2180 1.3
;QQEPQZ%%}\%E(W/IH ) 2 P,,Z% R-114  170.92 32.5 2460 1.4
R-22 86.47 49.9 3930 2.2
. A R-134a  102.03 40.7 3500 1.63
reduced pressure > R, SR AVEIEE w1205 366 2600 :
R-404A  97.6 37.8 - -
y N rL:: o AN — R R-502  111.6 40.8 - -
(um) > MZ%IVE/}IL%E@JJ F= R-410A  72.56 48.5 4400 1.4
R-407C  86.2 46.5 - -

R-125  120.02 36.3
210 R-32 52.02 57.95
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ing Curve)
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o | i ot L Fam I 7
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T™Mtg region Ili: region IV: ion V:
region |: region I transition fully developed transition oim
natural szﬂ" ﬂlﬂ nucleate boiling boiling
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Gmax
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ﬁrﬂmﬁﬂffﬁflﬂa T"n_g Unw.crsrry

— IR 2\

VARNY

e FS RS - (ERR-22454% > JLE6IRE

A

AR\

&E » IOKANRER12 °C > 2MEE BFEE > &E
ENIME M EAM SR R T E nfﬁ”r*‘WKZ

DRSS o R-22/%EHEE R BET] P, = 49.9 bar -

RBLAR

skoker v g =25 kg/s o 41 'F" g

7}(’]( RPN ';J?_)i, Twater,inzl2 °C \g T
N
'EQ

7kk é’ﬁcpz 4180 J/kg-K

R-22 4 %

o—g — — — —

\

s — — —

=14mm

=
i
dl

| T ?°C

##FEE =5°C
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&z 38 LY
Narional Chiao T‘@%’EEMWU method > @E ;‘£ ;‘)ti$§ =5 &% :,/%‘,_.,__
(1) B d Ory 7Kg F7°C
(2) FTLL4EEVEE O =2.5x4180x(12-7) = 52.25 kW =52250 W

T 7N

(3) /n\\LE‘ q - Q/A
EANHEIRE = A, = nxd,xLxN= 7x0.016x6x5 = 1.508 m?

. g =52250/1.508 = 34649 W/m*
(4) EINEEAE b, =90¢" "M P (~log,, P) ">’

FH S Y 78 2% 08 FE SCC N AV B A1 R-22 88 1] 55 5.83 bar - [fij & LR 1 B

49.9 bar

P, =5.83/499=0.117

e tHfE = R, =1.0 um

m=0.12-0.2log,, R, =0.12

h, = 90x34649°°7x86.47°°%x(0.117)""%%x(0.932) %> = 8559 W/m*>-K
(5) EANEBVEGENMEE > HE =0

il (% )(Reb—IOOO)Prb

Ny=——+—=

“ 071127 /(fzj(Pr;“—l)

Hr £ =(1.58InRe,—3.28) "

d;=0014m>L=6m> m,, =25kgs
F—IREHENRE H3m=2.5/5=0.5kg/s
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National Cliiao Tim__q Unilrcl'sfry

TR B 4, =7 d7 = 70,0147 =0.000154m’

G= /A, =0.5/0.000154 = 3247 kg/m’s

TK Y e Y T SE 35 08 S F59.5°C 0k ~ 0.585 W/m-K

iy = 1350x10™° N-s/m* » Pr, = 10

E

_ Gd, 3247x0.014
g, 1350x107°

f=(1.58InRe,—3.28) > =0.0057474 »

~f/2=0.002874

Re =33670

/
k t. “(Re,—1000)Pr,
foNy=—f__ 2

T d, d,
l 1 1.07+12.7 /f(Pr;/3—1)
2

0.585 0.002874 x (33670 —1000) x 10
= X
0.014 1.07+12.7x+/0.002874 (100“7 — 1)

=11052 W/m?-K

(6) sFEMMEIT /U4 > BB L2 -
S 1/UA = 1/hA; +1/h,4,
BNHERE =4, = nxd;xLxN=nx0.014x6x5 = 1.32 m”

1/UA = 1/hA; HWh,A, = 1/11052/1.32+1/8559/1.508 = 0.000146 K/W
UA = 6849.3 W/K
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3 3 (7) PR EHM S
m z X j.*- "ufr C,. =2.5x4180=10450W/K

Nﬁﬁmmrfﬁiﬂﬂ Tim__q L‘niw.'l'sfry

NTU = ﬂ = it =0.65543
C,.. 10450
Cc’ = % 0
C

£=1—exp(~NTU) =0.4807
0,..=C,. A, =10450x(12—5) = 73150 W

0=¢0,,, =04807x73150=351658 W
T.,.=12-351658/10450=8.63°C

(8) HHIA/KAYHE CIVR T £58.63°C » BHSLAIRERAYT°CA[E » K AT
HEEE -RNVBNR - HAEEEE XN EBR? LiiE _EF
Tt EH e-NTU AR F BRI ? JHERERE IMATHY 3 8 2V E A&
HHEBEARMN  HME—RNTCERHRENR T ELNGE - H
e-NTUE i fit B $2 [Bf B -

(9) FrlAgs R M et H CORE & 8.5°C » 18 #4H (1) (8)HYP BE »
0 =2.5x4180x(12 — 8.5) = 36575 W
qg=0/4=36575/1.508 = 24253 W/m>
By =90%x24253%%7x86.47°°x0.117)*'%x(0.932) "> = 6739.7 W/m*.K
KB 3538 FE B 10°C » KBS h; 495511000 W/m*-K
1/UA ~ 1/hA; + 1/h,A, = 1/11000/1.32 + 1/6739.7/1.508 =
0.0001672 K/W
UA = 5979 W/K
NTU = 5979/10450 = 0.572
g =1-¢e""Y=0.4357
O = 0,0 = 0.4357x73150 = 31869 W
Teow =12 —31869/10450 = 8.95°C
EEEEC W H T NE8.5°CT » 41 4 4 8 1% 4% 2k 7] B 1
B % & EEHET9.0°C -
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ma,mf Zéﬁi@%fﬁkﬁ &N e e
¢ it (nucleate boiling) BAsa I fi 2 %%

f= 7 (forced convective evaporation) - fltg5
7B F'Eﬁ%'”m*“@% JIreiR m@ﬂﬁ%m
P qu&mx%
M osshe Rl =24 ﬁ\,\\\ﬁcifﬁ SHUFRIE ’@u
f%ﬂ ’ }_L'PPW/)ILL_%CTEHT RIS R BN £
j;c/)anEr I W/@/JIL /EZ E/)IL&FE%I%&/JZFL ’4 ﬂit
T B EMERER] R btz 1 RS
EIHT /)anEl%i'féijS/)lL Jﬁhﬁﬁaﬁ__gf;\% E?TJ%%
il 528 Ry iR R 2 S i

216

1|ml\
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(Superposmon model)

q = qns T qcv

q = h(Tw_ T?)

h = hyg + hey

dgNB — hNB(Tw _ TS)

dcv — hCV(TW _ Ts)

Chen (1966)5% /& 12 Wi 18 ZVE A ] & 8 & M B A ARV L S8 1% - LR EE A Pk
> CheniE HEEWHEIFI T » hve & BN > 10 Aoy S 3 LRI IN5E >
hchEﬁﬁi‘E%BTﬁE’J??M%%%Z hy > 2 _E—{E 058 (5B

h = SXhNB‘|‘E><hL

J:EQEPE@Sﬁi%fé'%H%?ﬁ@ﬁﬂEI’JT%%Q(SUPZ%TCSSMH)  MEAFR 2R3N (RE
(enhancement) ; 305 & A 4HJChen’s model
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g = -
@ Mz zh kY
F iﬁj‘rﬁﬂpﬁnfﬁ'ﬁma Tung University

E =2.35/(1/X,, +0.213)"7%¢

S =1/(1+2.53x10"°xRe"'")

+

Re = Re, E'?°

(4-17)

(4-18)

(4-19)

AR 2 BB FT &L (£ A Chenty J5 74 2K B 40 B B 0% LU 15 EEA SHY 5 1%
2\ * #40 Gungor amd Winterton (1986) 7 44370040 Ay M & &l 5 2 41 T By &5

% :
E =1+24000 Bo''®+1.23x, %8¢

S = (1+0.00000115E°Re,"*'7)"!

Bo = L (boiling number)  94g

(4-20)

(4-21)

(4-22)

(4-23)
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National Cliiao Tim__q L‘nilrcl'sfry
s LAChen’s correlation 515 MR NHIMHEVE S (HE K PFREZFEE » R-22°9 =10
kW/m*K > T,=5°C> x=0.5> G=200kg/m*s > d;=13mm > k;, = 94 mW/(m-K) > g, = 199 pPa-s > ug
=12 uPa-s » p, = 1265 kg/m’ » ps =25 kg/m’ » Pr, = 2.51 » iz, = 200 kJ/kg-K » P =583 kPa » P,,;, = 4990

kPa (EE5RERJ7) » P, = 583/4990 = 0.1168 (reduced pressure)
h=S hNB + F hL

RS EE B GGL S E ARSI | ) ¢
Re; = Gdi(1 — x)/p, = 200x0.013%x(1 — 0.5)/0.000199 = 6533
h WY 5T 5 0] DLRG B Y Dittus-Boelter T2 KEHH > RE—FEF1-8

&l
Nu = 0.023Re"® Pr®*
5 hp=0.094/0.013%0.023x6533%¥x2.51%% = 251.6 W/m*.K
hys B] EH CooperJ5 12 = (F(4-6) 2K F (CooperV 5T HE - B SNk I HUE
Fo0Mm B N ATEL S M [F] - HLSS) -
ho - 55q0.67M—0.5Prm (_loglo Pr)—O.55
h, = 55x10000%°"x86.477°°%x0.117%"%x0.9327°°° = 2275 W/m®
A ET2EH 4-2-1
BN KA SHLE

Y _(1—)«)0’875 w) () _(1—0.5)0'875(0.000199j°'”5(1265j°'5 o1
g x Lo 0, 0.5 0.000012 25 '

E =2.35/(1/X,, + 0.213)%7°¢ = 0.696

Re = Re E'*° = 6533x0.696' ** = 4153.5

S = 1/(1+2.53x10°xRe"'") = 0.95%®
s h =Shyg+ Eh; = 0.958x2275 + 0.696x251.6 = 2355.7 W/m*-K
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7J[l5'ﬁ-:7l",%‘ﬁ1,£ (enhanced model)

h A
Y="—=/a (—ERESED
i

W (asymptotic model)

R A S EREH A R o EBEA%R{%T&%U/%QNBJS QCVE/j)jD)ﬁ pampas
BET g = g+ qov o TFE T BB o o R 2 A A B A 48 4 T
R > AT A

q" = qzlsz + QZV (4-40)

c BT =Ry + hey 220 (4-41)


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

.--_.i.;'_f_d"TI_tng Universiry

q - qnb+ qcv
h = hnb p- hCv

10% =
. R-11 at 44 C
[ 4 - 00127
" e g 1000
L G = 20 kg/m -9 5
3 r = 0.3 — i Asymptotic (a = 1}
10 = =
| E T
-~ C ™ |
NH - ‘E‘. B
B Aaymptotie (o > 1
-;" B e ( ) o Superposition
] - —E' ke
5 o107k E By
[ - Juperpoaition =
-t - g b P =
- L w .
= : .:
= | huhp[ﬂnopﬂr {1884]]
2 a |-
10 . R=11 at 4.4 C
i vy b, d = 00127 m
] F
; - G = 20 kg/m =3
x = 03
q‘h,ECnuptr {Laa4)] ,_.J
1|:|1 5 L I gy i | lﬂ—l—'-'l PR e et R r kgl J REE T (8
1 10 1ot 10¥ 104
T~ K 2
- T () Heat Flux (¥/m )
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¢ Nusselt (1916)HEZE
JIRET

i

WY

h.d PP — P )giLd
. Cc o __ L L G fg 0
Nu, = =0.728 —
) |
h =072 PL(PL—PG)gifgkz A:072 IOL(IOL_,OG)gifgkzhC Y
) ’uL(TS _Tw)do . luLhc(Ts _Tw)do
1
=0.72 Pu(py = Po)eighs Ahw
4194, ¢
1
_ 3t =072 pL(PL = pc)gigk] %
) u“.qd,
b, =o.655{pL(pL - Pk |
L #qun
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Bll4-4-1: AR E46°C > BEENEBRIE F38°C> E/ME 19 mm » R-134a
Ry TEARE > BEtEZ R TRV EZRE(k, = 72.2 mW/m-K > p, = 1120
kg/m® > pg=59.21 kg/m’ » is, =156.67 kJ/kg » p; = 165.7 pPa-s) «
4-4-1 % :

Y
N, 20.72{1120><(1120—59.21)><9.806><156670><0.0193 iy

0.0001657 (46—38)x0.0722

h, = Z—Lx Nu, =0.0722x437.8/0.019=1664W/m" - K

o
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— g Et Pl AN G e (B N 2 AlKEVE R Blal 2 Al KB /K & iy, A
7K Twater,in > AR BB T > BEEBEIR(EE2ENEENETHE)NETEH
RN

(1) B o — (B KM & R FE Toarer, ou BT H HE N BVE (5 B0, B 5 B

FI0R A= LMTD

(2) :'%: ":E' f:::?& {g % Q = mwatercp,water T

( water,out_ water,in j

(3) Hg=0/4> Bt #E=E

1

i . k3 A

(4) b —0.659 PP PR [T ey
/qudo

(5) HENEVEHGE L, - A B HEREGRBU
(6) H UxAxLMTD = Q W HEHHAES

(7) & (6)HRY O & & H (2)2154‘551 a0 RIL A B R 2D (1)-(6)
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(a) (b) (c)
Nusselt Side-Drainage Ripples,
Idealized Model Splashing,

Model Turbulence
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ek — PRI B NGEY I B EH R B Ay 5T EA T

h
N.m _ N71/4 (4_54)
hl

Kern (1958)3% K Nusselt Fir ¥ 2 1Y & B 50 81 5 PN 5 45 AR A 58 =4
> RIE > KernfZ IE$2 BB IRSFHY G REZA T ¢

h

7N=J\f5/6—(zv—1)5/6 (4-55)
L —HEFIE N BV FHEAEGRE v FIEtEAT ¢

Pvm _ s (4-56)

hy

226


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

&z 36 K¢

Nﬁﬁmmffﬁiﬂﬂ Tung University

®

Nusseltfy R EEBH N S HARAEEE/NIER > £:
AR E AR e B A HE N EE
I G ER] Ry BY 7 % JE B BE ) R0 E & g 22 )5 4E > Butterworth

HEEE (R E4-13) %&fg’éﬁjﬁﬁfﬁﬁ[ﬂ? :

ZIEMA T

t5C L Ry Y BV R B g K

(197TIR 5 — L&

N 1/2
- e —“/'-16[1+(1+9.47F)1/2} 10
e 1.0
o gdoﬂLlfg Hg g
M?;kL (71 —1 W) 50 Nusselt Theory (5%4-49)
0.1 ] ] ] ]
o - 0.001 001 0.1 1.0 10 100 1000
1 . G"o
H; F
Fl4-13 i B $E § 4 man g P
- . e . N N, L~ ucd,
uohy SR GBI ERE  fEE A E o SEIES E ReG=”LHG ==
L
HEZE » SEREZDURENE Fﬁwﬁ%@%mU&%%E
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Shah (1979)8y T 12 A i sE & =% -

ho=h (1 + ﬁj (4-60)
Z
l—x 0.8
Z :(—j ROA (4—61)
X
0.8
h = k—Lo.ozsﬁG(l_x)dfj pr (4-62)
d, Hy

Hfth Fy—local{H L/ fe IV 8Z A e > & BT £ =018 4 O iR Fd 46 e
(= DEISERLFE TG =0) > AIe{GE — T OIFEEAT

h, =h (o 55+ iogj (4-63)

38

1 {8 B Shah 75 #2 = HF » E%i{%Pr%%’randtl number > [fj P, 5 reduced
pressure > T & A FE |
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WA

/HDAP 5 i
WQMVMWWW

NEE

dP dx 2prG2

[

Z 2 [ = -
- ﬁ;§$:*$((

A LA
S1AP = AP, + AP+ AP,

LIS R EALE - AP BT
S AP TS

Vi gsiné

GZ
fg dZ d

l

dz

LR 122 (5 8 A
f=0.0791Re

H Blasius 1 12 5 5 -

)

VL VL(I_I_xvfg/vL)

R
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¢ Homogeneous Model
¢ Separated Flow Model
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FEEHEAT IR HEGR AREARETE - ABERERMHERE - AL
i K HY PR BB & H B B8 5 B ReY AT & E?E%%ZEI’J TEF > Re=Gdi/prp >
A] K1 E I HY [ REAE W A P R TE BV 5T R B ERR pre SR e — EE SRR
J:E@IKE%U(X =0 MUrp = Up s X = 1> Hrp — ,UG) ’ ﬁﬁb&ﬁf@%ﬁﬁﬁb(%fﬁ%ﬂw

—A{H > Fla
1 _x (=) (4-67)
Hrp  Hg Hp
prp = (1 = x)p + x pe (4-68)
ﬂp=¢45“6+(1‘*”“} (4-69)
Pc Pr
n=vls
! (4-70)
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a1 ME > ZZREKIYAERARA—AR 7TmmE » &E
0.5miYEE > L homogeneous model AR =K ETEER
% p, = 998.3 kg/m? » p. = 1.098 kg/m? » &, = 0.0661
N/m > 1; =0.00046 Pa-s > u.=0.0000203 Pa-s °

=i + 11, =0.003+0.012=0.015kg/s

x =0.003/(0.003 + 0.012) = 0.2 m ;= 0.003 kg/s d;=0.007m
A.=nxd’/4=3.848x10" m’ — } «Z>=
G= m/d, =390 kg/m>s m,=0.012 kg/s L=05m
_ 1 1 3
p= = =5.47 kg/m

x (1-x) 02 (1-0.2)

o P, 1.098  998.3

1 1

= - =0.0000863 Pa s
i (x+(l—x)] ( 0.2 +(1—0.2)j

y yn 0.0000203 0.00046

GD, _390x0.007

Re = =
", 0.0000863

=3163384= ZJ)fit ’ turbulent

fw=0.079Re» "> = 0.00593

2
P = 4Lf, G_ _4x0.5x0.00593 390° .
D 2p 0.007 2x5.47



http://www.nctu.edu.tw/
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AP _pdl X, (1) _d_Pj
dz dz| ap, (1—05),0L dz ),

+ gsin H[apG

¢ SRS TREL S, - &m%%ﬁ%@@

M i?-tg'ﬁww  HR PR

dZ

¢G d P
dz

de
dz

2 _
¢L_dP

dP, /

@,
LO deLO/
dz

SUE
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0 N 0553 B R 452 BE [ Py 58 7 W6 2 305 W R 07 s s BELMED VR S DA I B M 3t
e 1) BEL A VT s ) BE S (5 B 1% o (O DL R T N O R s B O B 1 B [
AP, > PR 1% FE TR b —(EDME LIS IF R B8 4 35 R A TR B 92, » DUSE 15 W AR
B 1 BR [ (AP = g2, xdPLo) > BEAH 2 205375 B 1 JBE [ d P oI T B 5 b B HH 5 7
Pl A & UR TR 6, BB R - Bt T BT B EE 1 B ) Y B [
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Friedel (197942t —(FkH &

EZLRPY 5

3.24A4 A4
¢L20 = Al + FI”O'MSVVzeOiBS (4'75)
N E'j
4 =(1-x) + [pL_fGoj (4-76)
Pefro

ERX P ESf108 foor AR MK WY AR L A2 1 B &= B /R B8 B &= B SR AR
Ry FAH BT HY B AH EE IR (R B 0 35 Ry ZX AU B A H] el Blasius 5 A2 ZU 2R ETH -

T
4, =3 (1-x)"™ (4-77)
0.91 0.19 0.7
Pc H H
2
Fr= G_2 (4-79)
gdp
2
We = Ci i (4-80)
po
_ 1
5= (4-81)

(x+ (Hﬂ 235
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7E R KRR A7 A — PR 7 mm » B 0.5mAYEAE » 31

=
Friedel FAE=ZRETH R > o, = 998.3 kg/m? » p, = 1.098 kg/m?

=0.0661 N/m > g, =0.00046 Pa-s > 1. =0.0000203 Pa-s °
rir=rir; + 11, =0.003+0.012=0.015kg/s
x =0.003/(0.003 + 0.012) = 0.2
A. = mxd;? /4 =3.848x107° m?
G= ml/d. =390 kg/m*s
Reg = Gdi/ug = 1.34x10°
Re, = Gd;/u; = 5.93x10°
foo=0.0791Res "*° = 0.00413
fro=10.0791Re;, ** = 0.00901

A4, =17.31

A, =10.271 m = 0.003 kg/s d;=0.007 m
Az =263.8 - . () {f‘> 1

5 =5.47 kg/m® A/ |
i g h = 0.012 kg/s =05

Fr=7.41x10" L =0.5m

We =2.94x10°

A+ 3.244,4,

o, 0045p,0.035 =123.1

APro = 4L/difo0XG2/2/pL =195.9 Pa 236

AP, = ¢}, xAP,, =123.1x1959=24.1kPa
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Principles of enhanced heat transfer, 2005)
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Nﬂrrmmffrlﬂﬂ Tim__q UHIII.-"{.'I :rJ

< P

B H

Fﬂ?

P

Y

11; 5557 jf

Yy

LABREE AP

ReBEYS (absolute) L L ) i
# # 3% Air-cooled 500 bar 600 °C LRSSt o S| 5 ~350 m’ g > * |4k nt* > T R*
(B Az 7)) (B Az ) i ~HEA) v 5 E | %
VI EN R LR 16~25 bar | -25~ 200°C. EFAE FH 1 ~to 1200 m2 Weit®s > 2 b Fm
o B Apinte o (¢
wiw i Rk LR &)
40 bar) +
AL AN EIEE 1 bar ~ 600°C. For SR F - B R AR IR
kAR =S N
[E T
BEEENHIHE 300 bar (% | —100 to 600°C L R ERET P o] 0.25 ~ 200 m’ per High thermal efficiency, standard
) (i * FHrkfp i3 unit — multiple units | modular construction.
1400 bar PP R) are often used.
(# ).
# ¢ # 2 # T Heat-pipe ~ 1 bar FCA R Low pressure 100 ~ 1000 m2. TR A e and o L MRS
200°C » 2 ¥ & | gases. @t Y e A
FEREFREPD
ety » 1 ('t
R
1 i 5 100 bar —273~150°C (4% | Low fouling. X BRAFE T Very small possible. Incorporation
Plate-fin (47 & %) L %) 9 m3 of multiple streams. Very large
200 bar ~ 600°C surface area per unit volume. DT
G &%) | (3 4%4H)
£ ] 5% Printed-circuit 1000 bar 800°C Low fouling 1 to 1000 m2 Very large surface area per unit
(7 4% 48 ) volume. Stainless steel or higher
alloys normal construction
material.
# #5524 ;% Rotary regenerators | ~ 1 bar 980°C. Low pressured Inter-stream leakage must be
gases. tolerated
# ¢ 3 Shell-and-tube 300 bar —25~600°C (& | %344 g 10 to 1000 m2 (per Very adaptable and can be used for
(E ). ¥ Frrk =}':l G S shell — multiple shells | nearly all applications.
1400 bar T g KA B can be used).
(? ]P'J) m/n_fi)
¥ S\ 18 bar ~400°C Subject only to ~ 200 m2. High heat transfer efficiency.
Spiral materials of Cylindrical geometry useful as

construction.

Eod ) i

integral part of distillation tower.
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250~ 1200H i
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Disc and doughnut baffle
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& JEH S FESS4F1/5~1 shell dia.
& HEFENEEE2/5~1/2 shell dia.

& 5/ )N EHEVTENR EEE Ay 2 in. or 1/5 shell
dia. (FE T RE)
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Rod baffle

o [ RS

o I » RSV 2 B

o SRR o (B
G St

o QPN

Uniform Flow Pattern

gWInIN Ny
ALRLT

RODbatfle

S Flow Reversal Pattern

-

L
Plate-Baffle

Plate Baffle Example Rod Baffle Example
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mpingement baffle

Inlet nozzle
|

-

Impingement [ & [ : 1
baffle f-" ‘-} I ' .
Tube
Baffle too big

Good baffie design Bafle too close

ozzle. (From Bell, 1998.)

FIGURE 10.2 Impingement baffles at the shell-side inlet 0
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& EShe” ? LL{E’&E_‘{EE Shel Type mmﬁt&ﬁﬂ U-Tube Bundes

o (SIS TR Y (BT [ | fOmgD | CEmmD

OETHLE]) - B EEE e fE(RE
H% (effectiveness, wlghzil{’?) = (D | (=

& F shell (longitudinal baffle) » (A |me | (=D | [E=EE
AL B o (H /D '
FH (why?) | [TASTERED | (S

¢ G & H shell : [F{RAPHYER 5 ff | 2o | (gD | (Lfinm
/DER] > bhEgE S A phase |7 ¥

change #Y& - I il ) g finnunl
¢ J shell E’jﬁ@;{%)‘%E shell Fy1/8 » [ t '
NS T = | P |

o X shell BRI/ NGB & FRSIINIE | o IRl
L) bhme (= | WD |

FIGURE 103 Shell-side flow nrean gement for varlous shell types (Courtésy of Heat Transfer
249 Reseasch, Inc., College Swation, Texas).
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Need to increase heat transfer

I

Inecrease heat
transfer coefficient Increase surface area
| |
[ 1 1 1
Tube side Shell side Increase Increase shell Employ
tube length diameter with multiple shells

Increase number Decrease the zm:z;‘ in S:II:IS or
of tubes, baffle spacing or ibee par.
decrease tube baffle cut
outside diameter Increase Fore

Use counterflow lmﬁgmﬂiuns

Use multinle shells configuration

Need to reduce pressure drop

Tube side Shell side
]
| | | ]
Increase Increase Increase Use double
Decrease  Increase  Decreasctube  yopaffle  thebaffle  tube pitch or triple
number of  tube length and o spacing segmental
tube diameter increase shell baffles
passes diameter and
number of
tubes

FIGURE 10.10 Influence of various geometrical parameters of a shell-and-tube exchanger on

heat transfer and pressure drop.
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=221 Guideline (ESDU 92013):
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& Highly flexible (a]3frH]
7\,), sealing may be a

problem.

¢ Maximum
temperature/pressure
constraints.
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¢ Maximum Pressure

¢ Temperature range

¢ Fluids limitation

& Size range available

¢ Fouling & cleanability
Plot area available
Design life

_ocation (maintenance)

s there a “temperature cross?”. If so, HX
approaches counter flow is more appropriate

I N o
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Benetfits: increase 100% more heat transfer coefficients with

only 10~50% increase of pressure drops
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From ESDU
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(1) Handbook of heat exchanger design (HEDH)
(2) VDI Heat Atlas

(3) Principles of enhanced heat transfer

(4) Fundamentals of heat exchanger design

(5) /\\\ﬁ&i[: ;ﬁg
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