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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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film plate evaporator

Require operating temperatures between 80-212°F (26
to 100°C)

Have a capacity range of 1000-35,000 Ibs/ hr (450 to
16,000 kg/ hr) water removal

Have a need for future capacity increase since
evaporator capabilities can be extended by adding plate
units or by the addition of extra effects

Require the evaporator to be installed in an area that has
limited headroom as low as 13 ft (4m)

W here product quality demands a low time/ temperature
relationship

W here suspended solid level is low and feed can be
passed through 50 mesh screen
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WALL AND FLUID : FLOW EAT TRANSFER|
TEMP VARIATION | PATTERNS REGIONS 7

Fluid temp Single- Convective

£y phase heat transfer
E . vapour to vafour
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temp. 1 core temp
\
[
- 1
! * Dryout’ } - {
Annular
flow with
entrainment .
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- Liquid
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x =0
N low
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From: Collier, 1981


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

&z 38 ~Y¢

Neartional Chino T1m_g Unfw:rsirr

KRS N > BT

o BN THAEEEIIANE R B
RS s RIS E RS T F 5



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

[EML 5
Sy 3

7y g%t — stratified flow
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L& — intermittent flow
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A ”F? F &4 og 7f;g m2
A F AR 3R > A ik B G m’
Ap AR IR AR G m’
o T /g? o= 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 =01 & ¥ =
Xth 24 R =0-i)ig & F] =
G REFTUALF =Ge+ 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 § 205 e
Ug 7\? 7"5 %’K 17 /f i m/s
R AP IR iR m/s
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Martinelli parameter X

A AN AE ZE IR R IR

G, _4L 0.0791Re;°-ZSM
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2pg

2 -0.25 2
~0.0791Re 025 & _ 4dL 0.079[dej (Gx)
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¢ Cooper (1984)fz HHY T2

55q0'67M_0'5P,,m (_ loglo Pr )—0.55 (XZ@Q)

o 0.67 —0.5 pm —0.55 =3 P
90" M **P" (-log,, P) (E%E)
L M a3 Poriy Brer (W/m?-K) Fy ¥ ¥
— . 2 i R P.=0.1 Kandlikar
m - 0012 OoZlOgIO Rp l:g ];ar qres :20000W/m—%ﬁ§_5\:€l_§:’»
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 -
R-113  187.38 34.6 2180 1.3
E[:‘qj%““ E(W/m ) » P 7,% R-114  170.92 32.5 2460 1.4
R-22 86.47 49.9 3930 2.2
Y R-134a  102.03 40.7 3500 1.63
reduced pressure » R, BFRAHIEE &5 120 366 2600 -
R-404A  97.6 37.8 - -
R-502  111.6 40.8 - -
(Hm) ]\47/%]:fll;/}lLJHH'm E/j %E R-410A  72.56 48.5 4400 1.4
R-407C  86.2 46.5 : :

R-125 120.02 36.3
R-32 52.02 57.95
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Gaertner, 1965
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*Enhanced convection due to bubble agitation
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*Vapor-liquid exchange RN | & VB

. & s AP Sk
Vi 2 60 R AR a0 e BARRAY
A 3 B 2 R 0. SN - 0P &

ResE 2N
kZ 1% ER
04 R R R
BAHZ

7SR RS SRR (275 Hsu & Graham,1976)
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*Micro-layer evaporation mechanism
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2 milliseconds /“/major division

R 2 T B RS 1Y 5 /1 (Moore & Mesler, 1961)


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

(@ @234

Neartional Chino T1m_g Unfwrrsiry 80

*Thermocapillary driven flow
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Khermocapﬂlary dr1ven flow and “macrolayer evaporatlon
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Hj(ﬂ_%ﬁﬂ aT! :‘/&H %ﬁ%@ L%j] F%@ZE@;@}J V (m/s)

0.64

%@ 040
{2 0.34
= 0.19
0.04

(a) T (C)

B 1240

118.5

B 1130
107.4
101.9

Tw = 124.16 (C), E=0.04

(b)

RAEEITTHY R SGEL 5 (Ma & Pan, 1999a )
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DRSS o R-22/%1EHEE R BE T P, = 49.9 bar -

L=6m

R-22 4 %
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|
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14mm

sk v g =2.5kg/s LE £
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water,out

d =

|
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A#EE =5°C

7kk é’ﬁcpz 4180 J/kg-K
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{85 FfHe-NTU method » A RIZGHE S F5HE & -
(1) BHaeTRMERSEE O /KE R 7°C

(2) FRLLZEEVEER O =2.5x4180x(12—7) = 52.25 kW = 52250 W

(3) Evim=E q= Q/A,
EANEITE = A, = ixd,xLxN =
s g =52250/1.508 = 34649 W/m”’

(4) EINEAFAHEL h, =90¢° "M B (—log,, B,) %
FH S S 75 28 SR EE 5°C N HY B FI R-22 B 17 55 5.83 bar - i B FLEE /7 &

x0.016x6x5 = 1.508 m?

49.9 bar
P, =5.83/49.9=0.117

e fHEEE R, =1.0 pm
m=0.12-0.2log,, R, =0.12

hy =90x34649°°"x86.47°°x(0.117)*'*%(0.932)7°°° = 8559 W/m*-K
(5) EANNEGHGENAEE > HE —= 0] Al -

hd, (%)(Reb—moo)l)l;,
k074127 (%j(prbz/s_l)

Erft £ =(1.58InRe,—3.28)

Nu =

d=0014m>L=6m" m,, =25kgs
LE—REEERNRE = m=2.5/5=0.5kg/s
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% N BT R A :%d} :%(0.014)2 =0.000154m>

G= m/A = 0.5/0.000154 = 3247 kg/m”>-s

ZKHY #E Y TSR 0B S 559.5°C 2 kr ~ 0.585 W/m-K
4y~ 1350x107° N-s/m> » Pr, = 10

SNCER )

Re — Gd, _ 3247><O.014:33670

p,  1350x10°°

f=(1.58InRe, —3.28) > =0.0057474 >
S f/2=0.002874

g(Reb— 1000) Pr,

k
a 4 1.07+12.7, /f (Pr*-1)
2

0.585 0.002874 x (33670 —1000) x 10
= X
0.014 1.07+12.7x/0.002874 x (100-667 — 1)

=11052 W/m?-K

(6) ETHE&EMEDL 1/UA4 - &
. 1/UA = 1/h;A; +1/h,A,
ENHEE = A4, =nxd; xLxN = 1x0.014x6x5 =1.32 m’
1/UA =~ 1/hA; +1/h,A, = 1/11052/1.32+1/8559/1.508 = 0.000146 K/W
UA = 6849.3 W/K

‘& BE [H P1 ] DLRBHS >

KE
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(7) SRR EBHEMSE
@ Zz ;- Lé. % C,. =2.5x4180=10450W/K

Neartional Chino T1m_g Unwm's:r_;
NTU = ﬂ = oL =0.65543
C. 10450
C* — Cmin 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

c,out

(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 = &Qpax = 0.4357x73150 = 31869 W
Teow =12 —31869/10450 = 8.95°C
EEEECKRFABHAESSCT » WEEERBRMTESR
B % & EEHET9.0°C -
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f= 1 (forced convective evaporation) -
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B E(superposition model)

q = qns T qcv

q — h(Tw o T?)
= +
g5 = hs(T — T,) h = hyg + hey
dcv — hCV(TW_ Ts)
Chen (1966)5% £y 75 Wi fill 20 E LG & fE Z m 8 B R AV 32 1% > [LE oA X
% > Chengd BAEEWHBEIEIL T » hve® 2 BRHI - 110 hey S 88 FE AV AL 058
heyR] BB A B 00 BV BVE R B - by o 3 B — {058 (R B

h = SXhNB‘|‘E><hL

BSR4 BAIIHY (8 (suppression) » [T EUFRZZ S NNTR(ZEL
(enhancement) ; 30/ & A #4HJChen’s model
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E =2.35/(1/X,, +0.213)%73¢ (4-17)

S = 1/(142.53x10"°xRe"'") (4-18)
Hop

Re = Re E'?’ (4-19)

H 1R 25 89 Wt 52 & {52 FH Chenty 77 7% 2K B 40 B B B35 DLJE 15 EEA SHY U7 12
=\ 41 Gungor amd Winterton (1986) 479370020 HY HI 5l & L5 £ 40 T~ HY &S
22 ¢

E =1+24000 Bo''°+1.23X,,7°-*¢ (4-20)

S = (1+0.00000115ERe,"'")" (4-21)

1 0.875 0.125 0.5
X, :[;xj [ﬂ] [&] (4-22)
X Mg Pr

Bo=—L_  (boiling number) (4-23)

31
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sl LAChen’s correlation 55 IR T HY R HZVE I AE : KPHEEZ FEE »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"'") = 0.958
s h =Shyg+ Eh; = 0.958x2275 + 0.696x251.6 = 2355.7 W/m*-K


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

@ z X x.é.}-'- 33

National Chine Tung Uniy

7J[l5'ﬁ-:7l",%‘ﬁ1,£ (enhanced model)

h A
Y="—=/a (—ERESED
i

R A (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)

< H =g+ Ry (4-41)


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

Heat Flux (‘l/mz)
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}fﬁﬂnﬂfﬂfﬁiﬁo Tung University

- qnb T qcv

T rrr1irr

Illllll[ T

T

R-11 at 4.4 C

d = 0.0127 m
2
G = 20 kg/m -3
x = 0.3
Asymptotic (n > 1)
Superposition

]

qan{Cooper (1884)]

L 1 1 [

l!FI i —

2

Heat Transfer Cocificlent (W/m ~K)

T,-T, (0)

10

1000

10

CcVv

T T T

Superposition

Asymptotic (a > 1)

cY

hnbp[Coopcr (1964)]

R—-11 at 4.4 C

10

_LLLLJ_J__;L_,_;_LL;J__«#A_L_:_LMJJ——‘—-‘—*J—'—'-“‘

b = 0.0127 m

z
20 kg/m -3
= 0.3

H

d
G
x

107 10* 10

2
Heat Flux (¥/m )

34
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Nuc — thO 20728{pL(pL 'OG)glfg 0

’LlL (T; _Tw)kL

L

. 73
h, =0.72{pL (P = Pc)8igky

% o
' 0724 PP~ Po)sigkih |
#L(TS _Tw)d() ﬂLhc(Ts _Tw)do

. 3N
_0.724 £LPL = Pa)BigkL pl/4
ﬂquo

. 3
PRIz 72{/&(,% —pG)nggkz} 4

uqd,

- 9 k3 %
PL(PL— P8y L}

= h, =0.655
Hqd,

j$azx\\{jzg\§ém

1 55

& Nusselt (1916)ff: & 5

TR E AN
B m R4 PHYEVE

}Eé

Emwr XM EER W
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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 fiZ :

Y
N, 20.72{1120><(1120—59.21)><9.806><156670x0.0193 iy

0.0001657 (46—38)x0.0722

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

o

36
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Neartional Chino T1m_g Unhrcl's:'r_q

— 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) mEG)HN Q0 edl (BEME - &6 0 AIAEEDE(1)-(6)
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/—-f—-

38

(a) (b)
Nusselt Side-Drainage
Idealized Model

Model

() (d)
Ripples, High
Splashing, Vapor
Turbulence Shear
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: Neartional Chino T1m_g Unhw'sir_r;
i

ek — PRI B NGEY I B EH R B Ay 5T EA T

h
N.,m :N71/4 (4_54)
hl

Kern (1958)5 Ky Nusselt Fit H#E Z Y B 55 81 5 PR A G 4E R A 58 2 4
5 > AL > KernfZ IEf2 BB A RFEI AT -

h

=N —(N-1)" (4-55)
s —HrEl%E N RV FIEBVEGRE v J5FEO T
hN -1/6
= =N (4-56)

hy
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Neartional Chino T1m_g Unfvcl'sir_;

©

Nusseltfy TR\ @ AN 2 E X REEE/NYIFNR © F5
RERREADIAGFNEEHENEE > SIEFHYEVERB TN

BTN Ry B I B B I RUE B g 2 &

N 1/2
Tl% —“/H6[1+(L+947F)m}

\

/
&
12

gd, My =

UG Ry /2 I AR A B Y R

Ei
L2 DLSR AR HY 2R

W
uﬁﬁ
EF

R EE
HE e (HE4-13) ) BEHFEROT ¢

o EEM L

40

ZIEMA T

Butterworth (1977)fF & — &t
10
1.0
X£4-50 Nusselt Theory (5'4-49)
0.1 m | |

0.001 001 0.1

Bl 4-13

1.0
F

R T 2 B 455 T Al S DU RE A 2B

10 100 1000

d R EF LR

an 7 Al iEE £ 2 Reg =

pLquO E[ZI

Hy
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BEARE46°C » B BRI 538°C /Y /\BFE (AN RE) » ‘&)
819 mm (= 0.019 m) > R-134a Ry TAESL% > slat Baz ik

NEHFEEE \FFERVEMERE . (b= 722 mW/(mK) -
pp = 1120 kg/m’ » p;=59.21 kg/m’ » i, =156.67 kl/kg * p; =

165.7 uPa-s)

B E0.019 m > MEMEA0.035m > ATLIE M &/NERE =0.035 -
0.019=0.016 m > FRlliEBEHR/NTENSERERAEE A

FHMrTEAE u. =6m/s
ug = g ,x0.035/0.016 = 13.13 m/s o

i 4-4-1H ik, = 1664 W/m>K U @ ﬂ U @ U @ @
h, =059 S_L S 060071292 X(nzoox (1)3(.)1136 >5< 3-019)05 =2911.3 W/m?-K @’38 r%_.%—Unit Cell
] . . (O
I [}

=====

/22
Ehfh +thh +h14j } =3050W/m* -K 888 v _Width of Duct
38 4-58 00O

112
| g 112
hN:|:Ehszh+(ZhS4h +h14j } x(N¥° —(N -1)7°) O O O

Fr DL —HEE I BVE (48 = 3050.3 W/m*K
% HEE B VE A = 3050.3%(8%° — (8-1)"%) = 1817 W/m>K


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

Question #1: 40 | » AAl/K = 515

kg/s(/& 'XZ%ZOOC S INTK16
m) > S E 1 kg/s » HIShEE

F(’“’“lgﬁiﬂl_,l)?//‘\ R BETERR

e ?

\;
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__:.iﬂﬁﬂﬂﬂr Chiao Tim_g Umvcrsﬂy

= FH R 20VE 2 8l A =B NS

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

1F {6 B Shah 75 #2 FCHF > 55 )% = Pr & Prandtl number @ |fj P, reduced
pressure > T & A FE |
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A
A
*ﬁm ‘Hﬂ%ﬁk

— l::[AP /:%71_ 4—‘2 =4
ﬁﬂmw”WMW

N5y

dP dx  2/,,G,

BN

_‘
_‘-—A

HTIER
4B LB A —
SJAP = AP+ AP+ AP,

B LA IS R R

_JZ_WEORBEF ’ AP BT
SEA[E > AP ﬁfrﬁﬁf/)wﬁg

fg g sin @

G2
Ve dz d.

l

dz

LR 122 (5 8 A
f=0.0791Re

H Blasius 72 ET &

)

Vv, vL(1+xvfg/vL)

R
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¢ Homogeneous Model

¢ Separated Flow Model
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| Neartional Chino T1m_g Unhw'sir_r;

FEE AT A ARG SEAKETE - ABEEREWHERE - WL
i KAV IR B & IR E B ReWET H - HHEHERAVEF © Re = Gdi/ prp
A] K1 E IR AY [ AR W A R w85 B B pre 2 H o e — B S R
J:E@IKE%U(X =0 MUrp = Up s X = 1> Hrp — ,UG) ’ ﬁﬁb&ﬁf@%ﬁﬁﬁb(%fﬁ%ﬂw
— {5 - fla -

L _x  (1-%) (4-67)
Hrp  Hg H
prp = (1 = x)p + x pe (4-68)
= f{’% i (l‘x)ﬂ (4-69)
LPc Pr
st=vies
1 (4-70)
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W NE > ZEREVKEVRAE R A—AR 7mmE » &F
0.5miYEE > s homogeneous model 52 = SKRE T ER
% > p, =998.3 kg/m? > p.=1.098 kg/m? > o, =0.0661
N/m > g, =0.00046 Pa-s > 1. =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;=0.007 m

A.=mx d?/4=3.848x10"° m’ - } “Z>=
G= m/d., =390 kg/m”>s th=0.012 kg/s I —oso
— 1 1 \
P= = = 5.47 kg/m

x  (1=x)) (02  (1-02)

Pc  PL 1.098  998.3

1 1

y yn 0.0000203 0.00046

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

GD, _390x0.007

Re,, = =
", 0.0000863

=3163384= ZJ)fit ’ turbulent

fw=0.079Re» "> = 0.00593

2
- _ALf, G* _4x05x0.00593 390°

hom — — =23.56kPa
D 2p 0.007 2x5.47
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iy iR~ 2 FER
T7 A
AP _ad| ¥ (1-x) | ap
dz_G dz apG+(1—05)PL dzjijgsmg[ng +0- 0!),0L:|
o FAHE T4, - &m%%ﬁ%@@ O
4‘5%%%0? i REUE AN
¢ = de,c/ (4-72)
dz
5 = deJjﬁ (4-73)
ap,

5o = dp/ (4-74)

- LO/
dz
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Neational Chine Tu ﬂ_l_r;rL

WA A BB 0 B EE 188 BR [ d Py > 35 12 i 22 00 W9 AH I e 1 A B A VRS > DU O cf 3
FE B B AR RS HY EE IR AR B TR > 3 R IR RE T A A RS A R B A U A Y BR [
dPLo > #R1% FE 3 I — (B JE (AR 1E BRI B 4 3R AH SR L o7, - DASEAS Wi AH U
Ho 1Y BRI (dPy= o xdPLo) » BEAHZ B IR AS AV BE[ dPofE FT RS Syt B Y 5 By
HEA 2 3R TRE 4., N ERE 5k mT 5T 5 B 42 1 ) 1Y B
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r.é’”’d‘“é“i“’"(”f’1”’"9"”?9);c (A

3.244, 4,

EZERPY S

b0 = 00005 (4-75)
N E'j
4 =(1-x) + [pL_fGoj (4-76)
prLO

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
Pe Hy H
2
Fr= G_2 (4-79)
gdp
2
We = Ci i (4-80)
po
_ 1
5= (4-81)

o)
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Neational Chino Tﬂ‘_ﬂ' [Trive .r:rs:rr

%/@\7J<EI/‘]W7FE/JIL/)IL/\ AR Tmm’E  &F 0.5 mVEE > 5L
Friedel T2 2RETHEEREE > o, = 998.3 kg/m3 Oc=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°
feo=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

AP, o = 4L/d;xf,0xG*/2/p, =195.9 Pa

AP, = ¢}, xAP,, =123.1x1959=24.1kPa
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Z[Xﬁ

HIOHEAER

Y
S BRI
E > —fKmS  125%0EREERIEFED

T ERREE _EHY/
SR Ey =Y =TT

HEEE ° A

B RS

- AR

—

Ll

=]

] HEEBHE
(Principles of enhanced heat transfer, 2005)

e
— O

AR B R A woan— E2 W AH YA

1ETEIT7A > AERHEMEREHY

> £50% M ZERTACNE
AR EH & R » PR =
WA THER i 2L Y AR B B ﬂ%
BT ARy R 2 P FE

[ZIER L BVENE RE TNE Ry (f
a£:#\Webb and Kim

>.
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J 4o
threshhold — g (pL Y ) S — ()CD (1)

AR 7
threshola’l;l_jE U #f’ T%Z}E O (2b)

A
ihE]

@a;if%

Nnn vl Cliae Tu nﬂU

1’%’(/]\1_ HRYAE SR B 1 14

BRI AR - @

}QZE U%Tﬁl& > (2c)

SRR ST AR B 1 e RN AT R B4 14

529 00 )Y 20 |

LELRE X

3&7 F e T Conﬁned bubble T
Isolated bubble

BB 7 2 SRR

53
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Max Power Dissipation (W)

%i‘ié.};t

ol Chine Tung Universit

Water-cooled Micro-channel HXs
Usually with micro-channels

g

5

B

8

8

23

&

=

Source: SIA

s

e
Yy

= 44/
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@iz x5 M¥cro-channel HXs - Exam

Nartional Chiao Tung Universit

---- inlet

heat exchanger

> expansion capillary

J-T)

- ---- evaporator

_____ heat load
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I@MA2 35 %A\ hy Use smaller Channel?

Consider a reduction of D, with a factor of 10

¢ In this case, 10 times increase of heat transfer
coefficient (Nu = hD,/k)

& In this case, 10 times increase of heat surface area

at the same volume)

¢ For the same thermal resistance, flow rate, and
pressure drop constraints, the microchannel design
offers 1/100 Less volume!

AP=4—Lflpu2=4pruDh H lu
D, 2 D, u D, 2

b)

_ 2uul

2

f Re (a)
h

L
AP o« — — [ must reduce to 1— to

D;

maintain a constant AP, while the thermal

: 1 A : : .. 1
resistance v stays the same! This implies a reduction of volume to its original —

100
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memcieXfvat’'s problem in designing

Microchannels?

& Correct dimension (most crucial!), correct flow
rate
¢ Effect of entrance
e Hydraulic entrance length
e Thermal entrance length
e Simultaneously entrance effect
¢ Mostly Laminar flow
e Depends on boundary conditions
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channel behaves like macro channel?

QO Nup(=hD/k) oC
. o o | | |
O For single-phase fluid in the range of 0.1 to 1.0 o Mo B M B
mm, heat transfer behaves just like macro- . - . e
Channels » . _—_‘_‘__ = |" S e
18 . ———rT —
Developing flow D, = 0.96 mm ] ' Dittus-Boelter (heating)
16 | Shah and Bhatti [1987] . [ ——— Petukhov
e Re,=570 . | —— Gnielinski )
14F o Re,=620 _ " o 5;0‘4'36
2 Re,=1500 ] 100F o 0219mm
A 0.308 mm
v 0.415 mm
o © 0.760 mm
z ® (0.960 mm

10 |

1000 10000

Courtesy of Prof. C.Y. Yang, Department of Mechanical Engng., NCU
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® L
Effect of hydraullc entrance ™ ~D,ke

X AP=PF,- P,

et

—

L2FEREERATIEEEHAcm 3 7% > Tdu/de =0)
1
Uin ’B

n

|

|

|

|

|

| ]

TR TR (R Ao R R

L, ~0.05 (5 LESRERR 0.06) (F

5
L, ~44Re ¢ (ZEaUmE) — ERRE: www.engineeringtoolbox.com)
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1® 8234~ Kulti-port HX

,H’j;ﬁx\'m T — deglf(

wy AP = 2.17 kPa

(1)AP —_ 4@#
Q=47.94 W

Vin — 10 (m/S) 42,0 - %&ﬁ%f % A N A%i Eﬁi&ﬁg@ —:0.25
@;/ A |

~ £ Baro
Flow mal- o | \ %j de ] e
distribyiytior:0.2852 (m/s) ] ik
Non-uniformity of | Va % lfk \
Tempimtﬁ.lreﬁihtlﬂ:(OC) i G o O = .
X (m)

AQiv = 148 (W) MC Lu et al., (2004)
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N

W~ T = - » Al

Multi-port Col

Outlet
7
Inle H=7 .8 mm ”ZV _(ZV)
X Ve =
e n(n— 1)
=64 mm
=60 mm A )
Transverse Velomtynlﬁﬁtrlbutlon Flow Mal-distribution
VSTDlVave
80.00% - L\ 4 A
60.00% - A A A A
A
- 40.00% - A
g A
N 20.00% -
0.00% ] ] ] ] |
0 0.5 | 1.5 2 25
Vin(m/s)

T
0.00

T
0.01

T
0.02

0.I03
X (m)

T
0.04

T
0.05

T ,
0.06

Lu and Wang, (2006)
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N
.

‘Effect'of number of port (20, 40, 60)

Temperature distribution of

Velocity profiles of 20([d), 40(0) 20 (0J), 40 (O)and 60 (A)
and 60(A) channels for Vin =1.0 m/s. channels cold-plates for
Vin =1.0 m/s.
2.5
] ——o— 20 Channels
—— 20 Channels 4 - 5 &
F A —O0— 40 Channels = : o 1B —o a0 channels g I
2.0 s | ? —4—60 Channels ¢ b f = ©
—A— 60 Channels 24 % F | A -
o I <2
: I \/@\7)!,5
15- &5 é\ﬁ\pu,ohu’m
25 © \DD
>
1.0— D%ﬁ§
AT
0.5 1
0.0 T T T T T T o 000 001 003 004 005 006
000 001 002 003 004 005 006 X (m)

X (m)

MC Lu et al., (2004)
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a2 34 ARfluence of Guide-plate

. Neartional Chino T1m_g Unhwl'sir_r;

1F. G.

313

MC Lu et al., (2004)
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“Infldence of Guide Plate, Conti.

V/Vave

 Flow Mal-dis.

0 F.G.
1F.G.
2 F.G.
3 F.G.

2.5 -
—{+— No Fluid Guide
o—g —O— With 1 peace Fluid Guide
20 - —4— With 2 peaces Fluid Guides
—— With 3 peaces Fluid Guides
; 7 o—0 R P
1.5 \FI V. A—A N I:}/
A A
075N / o \ <o
%) 1
1.0 5 A A O O A yAN
v O Q v
Vv — — \V4
0.5 - X A A I
g O Qo
Ny o/ \o e
0.0 | | ! | ! | ! | ! | ! |
0.00 0.01 0.02 0.03 0.04 0.05 0.06

X (m)

: 62.7 %
: 48.7 %
:37.2%
:32.3 %

MC Lu et al., (2004)
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Effact of Guide Plate — R,,

0.055 -

O
0.050 ~ —1—20CHCP
0.045 - —O0—40CHCP
) —A— 60 CHCP
0.040 — % —O— 20 CH CP with 1 Fluid Guide
S 035 —3%— 20 CH CP with 2 Fluid Guide
S | —%— 20 CH CP with 3 Fluid Guide
"~ 0.030 -
m‘u -
0.025 -

i O
0.020 - \
E * D\D
0.015 - \8
_ A —
\ﬁ\g
A\A

0.010 -

0.005 | ' | ' | ' | ' | ' | ' |

Water Flow Rate (cm3/s)

MC Lu et al., (2004)
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\@® A2 EFtebt of Inlet locations

Lu and Wang, (2006)
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Mz R Effect of Inlet locations,

Nu

L
13 "
O A
¥
A
11 i
. e
O
10 I
—0—Z
—A—]
9 — R -
” —X%—T
©)
8 | T | ' | I : ' ;
100 200 300 400 500
Re

Lu and Wang, (2005)
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PIV Flow Visualization
: Il Arrangement —
Uniform Gap

oy R
L] e
B, 4

L)

EdgeFegic
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ﬂar%’ Cg; % r{; ‘.? lnlet lxegron
PIV

Flow Visualization d

Edge Wall(Right) * E Wall

110
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PIV
Flow Visualization

Inlet Fegion

Edge Wall(Fight) * E W&l
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PIV
Flow Visualization

Edgze WalllRizhi) * E Wall
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Neartional Chia T_gL

©

PIV
Flow
Visualization

-

=)

Edge Wall(Right) * E A&l

Bound ary WAL * B Wall
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J,r:idumjfﬂ i‘i"n:- Tung University

Example

¢ For a laminar flow Re = 1000, and a turbulent
flow condition with Re =10000.

Then

Ly imminar = 0.05(20.06)x1000xD,, = 50~60
Dh

Ly turbuient ~ 4.4x1000071/6xDh = 20.5 D,
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] liquid ] gas
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. Neartional Chino T1m_g Unhwl'sir_r;

liquid

| | gas

(a) bubbly flow

(b) slug flow

(c) slug flow

(d) liquid ring flow

(e) liquid ring flow

(f) liquid lump flow

(g) liquid lump flow

78
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AP, 723/)[[./\1'1»)’&_2:5%{
IR T -

A

B S NI 7S I B
% » Coleman (2003) =51+

{Hewitt (2000)

80
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AP Fﬁ/)ILFJ'F,l N

e

H RSB LR A R BE

L EYERE) EUT axIVsEN
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AP BT A

ELI

il

5] 7 BOHY A
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AP ﬁﬁ/}ll_ufw'l/)wi_ﬁﬁi_i_ ST S I B
Coleman (2003) et al. (2003)& 5%

al. (1994)t5'& R Ehry/

CLECIN

1Hewitt et
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o N E m RS ER TR 20 AP

Miiller-Steinhagen and Heck (1986) correlation

) (S H{EL A2 (2)
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Heat transfer coefficient
@
X
—
@
X
N
@
X
w
X
N
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Basic Heat Transfer mechanism in
Microchannel vs. evaporation in annular flow

86
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Nartional Chiao Tung Us

Conventional Macroscale Boiling
mechanism

87
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Blreim lrnr rr.ﬂn Tassser FT

The correlation for two-phase flow in microchannels
Kandlikar and Balasubramanian (2004)

7K (water)
R-11
R-12
R-13B1
R-113

R-114
R-22
R-134a
Kerosene
R-141b
R-124
R-410A
R-152a
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TR ERE— B @”&LL S ME TR 0 BE B RS00
um > L T70(E i ff)iﬂﬁEA—iﬁ@é;*ﬁ&Zf%F HZgZle
2%400 W EQZJrL@ﬁHR 134a/585 > A LS &7 £50.005

kg/s > BUADEE F10 °C - AEZE 550.2 > HOREE NHEIEVY)
I B, = 1261.0 kg/m? » p, =20.23 kg/m® » i, .= 190.74 kl/kg -

py,=238.8 uPa-s > pg=11.15 pPa-s » S E SRR/ L &

FA[ZE
= R.
T ey 7
> W sem
> ke B B (Ts)
Ay
o © o
R-134alf] # il if of o
£ 701 (D=500 pm) 7 °o 2
é}fb.. ﬂ © H=03cm
& 7 ‘
o7
]000 5 7ﬂ
°3&
g
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sTE B4 BlAP=AP.+ APy + APy +AP, + AP, > HFX 2 1R Ry 7K
FHREE lIﬁtAPgZO  fRIAET R H AU E I
A7 B HY KT R 500 um - BID, = 0.0005 m - 55 4MA K3 2 & f400

Wo RN ADEZE £0.20 (O=r __  -x,) FTLOSBEEH D828 B (OF
B HEAESIEAL) ¢
v =2 oo 0 L 52_06194
r 0.005 x 190740

& — 18 8 WY B AR
zD;  7x0.0005

A = " ~1.9635x107 m>
HitE—mETHNE 2 RE
2 05
P o = =7.143x10 ko/s
R ey 70 .
HNitEgG—@ETNFEEERE

G = ﬁ_ﬁﬁ . 7143><10_5

e 363.78 kg/m’ - s
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(a) EFE AP
o - BB R HIR _ WxH __ 0.05x0.003
C EBEZEEE  EEBCOREEIEE  70x1.9635x107

=10.913

N2
B

=

v, =| 1+x| 2 —1||= 1+0.2(ﬂ—1)j=13.267 (EH I A (%038 9 T
Po 20.23

2 2
:36378 ( L —1) +1-— ! > |x13.267 =993.99 Pa
2x1261(\ 0.6022 10.913

(b) ETE AP,

ap - L_L (xow—xm)=363.782( L )x0.4194=2699.7Pa
Ps Py 20.23 1261


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

@z 34 A

93

‘¥

Neartional Chino T1m_g Unfvcl'sir_q

(c) stHE 4P
__EEZEIER i) ~ L _0.09163
SRS W EEEOOREEE o,
_ Pr 2
v, =1+ ——1](0.25x(1—x)+x )
Pc
1261 2
=1+| = —1(0.25x0.6194x(1-0.6194) +0.6194” ) = 28.147
20.23
(R BB WUR B IG R2 8 R i X NEEFZE Ry T HZ )
G’ 363.78°
AP =" ¢ (1-0,)y, = x0.09163 x (1-0.09163)x 28.147 = 245.87 Pa
(st H AP
Re, = GD, _ 363.78><0.0205 _ 7617 (<2300)
ys 238.8x10
S f, = 16 _ 10 _4m
Re, 761.7
2 2
(d—Pj =1 25 001x 2303 T8 018 pam
dz), "' D,p, 0.0005x1261
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Re. _ GD, _ 363.78x0.0005
“ 11.15x10°

" fo=0.0791Re . =0.0791x16313.1 = 0.006999

=16313.1 (>2300)

2 2
(d—P] 129 0.006999x 2239378 _ 183143 Paym
& ). '°Dp, 0.0005x20.23
7t 14

) (&) Jer(2)

= (8818 +2x0.4097 x (183143 -8818))(1+0.4097)"* +183143x0.4097°
= 182649 Pa/m
RS R R BR [ % AR AR B A N - IR L 2 FE AR i B N Y P fE >
HIx = (i + Xou)/2 = (0.2 + 0.6194)/2 = 0.4097
11 8 7 Y SR R 55.0.05 m > Y
AP

7 zd—Pj x L. =182649%x0.05=9132.5 Pa
dz ),
it DL 45 B [ By
AP=AP.+ APy + AP, + AP, = 993.99 + 9132.5 + 2699.7 + 245.87 = 13072
Pa

feA st EL G w3 > BRI BRI Ry e K > {E DN 0 AP 4 o 2 T R B
femsHERV BT ERE A - BEE T HEHERBEMRE > 50 A DR EEHY
BEEMETASHEEENZE  HORENEZEHBEN -
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Question 3 >

THY~

\

215 )

£E
& o Prp R-134a

3.734

KT 4a/ NIl 2

e

VAR

7=

95


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

& 'S =[5k (mass transfer):DL—

— T R RE
A 4t

e
fSaT

el —N

¢ ==

WEsY (mass diffusion) @ DI—rEi 28
(distributed parameter)dV i S 2k i A RHE » B LA
B AR BT BV E S - (HEHBFE
WS REE) - IR =G DA e

7

National Chiao Tung Uni

Nass Transfer/Diffusion

|

FickdyhH2emzk -

SEpIN=RE NS

Bl E P S WY R B T UM E - B

T B
FEIAEERY T > &K
AR HEVERY JTIEZZ

=

I8 = (5 3% BY i B 7 20 By

e = k(L)

Za

SR AR R
A BT A5 A6 A HRF P Y EY

e H]
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FE] 0 DEAVE
I = O S T = { = MV T =
VK Ry B AEAREY
FE RE 0 tE— T%Q%Zz_r%x %L’%ﬁ ’
EIZHE ~ BRIE R R

%%LW%‘ME K Zc_f
hL,fET%KHH@/F
Y B 1] R %
*ﬁﬁﬁ Ffﬁ LET% XA
HEHVE =

TE = FEE

1% > AHE
EI’J i E'E J;i i

 I—

E./)IL—I—‘

//\/\—EEP

JE E B

97

ARG BD (B EREUREORY B Ay (R FE)*/
FIALLN EME EHVEMEEREL -
5 (transport property) °

A thA*MiﬁfH HHY

ch

R H

BTN ~ 22
%%\ﬁ%
- o K I_J
[ BE A7 B

jil’“PPPK

B~ B4
o IR T A o e A B
SRR _ERRRL - BEAILE - Al AE RS )
DS T BEAE TERETER
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(1) Number concentration (i 2 2E) N> HEZ BEMEEN S FEHE
= (D TE/M) - AN —ERKTPTEESF S FEBEEN ST Wi

N = N1‘|‘N2+N3+ T ZNI (14-1)

fr T EEAA BALRIRESS - 0 & (5 A R Y EL R K Sy R A
N

ni :Nl/N ’ n2=N2/N... (14-2)

ﬁﬁw\ ’ n1+n2+...=1 (14-3)

98


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

@‘Zli % 99

Neartional Chino T1m_g Lrire ::l's:r_;

'Mass concentration (B = EE ) HEEXESAEBENUBENE = (B
(kg/m®) » 32 (& B8 fir B3] — A% 3 A0 ’JE&ZV AL A [E

p =prtptpit .. =Zp (14-4)
E Y » E LB T B E
m :,01/,0 >myj :,Oz/p (14-5)

Rl s my +my+.= Tm,=1 (14-6)
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Molar concentration (R HEE ) HEZ BB EEBNERY =
(mol/m’) - WHESFFEE M > Hlc=p/M:

C :C1+(32+C3+... :ZCI' (14-7)
BN 0 & LE G T EBAKE
x|y =cilc *x,=cylc... (14-8)

ﬁﬁy\’xl-i-xz +...=1 (14-9)
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tiona JI ,_.ﬁ'  Tung University

=N

Mass ux (EERREE  GEEEE)G  BHE
B BLSERIEET M 4EAY e 2= HE - B
F*EE'/]EE/}IL—H :
G,=pV,
Molar flux (RHGTREE) @ HEFRSHELETER
EREKIVASCT|EDE-NER -
N;= eV
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¢ HEAHER T ESREEBIGE RTINS > €
=R
(BEEES) = <GHEER)* (REZE)
¢ k: IFEE 0 [FIJcH BRI AVEGE R - B
VERELR BN B
¢ REHVERE - R[DIERAERESR > PIAN~n -~ p>
m -~ ¢~ x FE > NIEFEEREHVEAFEE A [EHY
RN AE] - B R EHEMEREA [F]
PN ae = FEVEE R
N=FkA(c, - c)
>

N =KA(p;, - p)
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— RERBRIVRIE T > 8RR 27)?}730% AIl7K 2% 5/ 1Y
BT RS Rl ? MOKZRSRIN =B 57288 By fa] ?
Hfr— g BREYER 17 /101.3 kPa » Y 30°CHY7/K 2583,
}?F%24Hh

EEEET  BEHEEHBREE SRS S » HNE— KRB MR
75 R ] R B FEAE SR RS 0 AT DL
Xmo = P/P =4.24/101.3 = 0.0419
FRDLZZE R EEEESE xgz=1—-xmo=1-0.0419 = 0.9581
KAERWN T FE RS MZERNEHE DT E F29
0.0419x18

My = =0.0264
2° 7 0.0419x18+0.9581x 29
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s‘ZD E Jﬁﬁm  — F‘ﬂiﬁ?ﬁ‘“(lxlxl m3) [N BIKE & A 10 cm o [
FrRAAHF K BT ENER T By 1 R SRR » FHERE A510% > JRTE B
25°C » & 105788 1% - MHEHEE FFAF]50% » s (1)RIR A H
LE’J SRR B ? LR e NRYER Ja0e] © ()% A BEEIA
2y 7% Bl AH R E90% 7



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

@ z 3 if % = 10% = P./P,, » fE— KRBT - fR#EASHRAE (1997) » 7K 7 fHY 8105
A National Chiao Tung Umw:l's@i/:ﬂ—kﬁo 200°CR] » mJDIEFE 4T -

In(P, )= (;+C +C,oT +C, T +C, T’ +Cp3In(T) (14-17)

H
Cs=—5800.2206
Cy=1.3914993
Cio=—0.048640239
Ci=4.17646768x107
Cp,=-1.4452093x107"
Cj3 = 6.5459653
H Ay K72 REE Al 4y RV BE A By Pa JRE R R gl zURE (K> K=°C+
273.15) » DLAGINS » T=25+273.15=298.15K > if

In(P,, )= %+C9 +C,oT +C T +C,T* + Cy;In(T)

@
B Cy+Cy T+Cy T? +C )T +Cy 3 In(T)

5P =el ~316915Pa

HPAEEEE Ry 10% > FT LA 0.1 = PJ/P,, » AJF17KZEX RAERH = 10%HY 77 R
B 3169.15x0.1 = 316.9 Pa > HItE RS EBP, =P —P,=101.325 -
0.317 = 100.008 kPa - [ /KR RAVEHE T HHEERE T ENXGERE -
R -

P,V=n,RT

Ho VE KERNEAERERE = 1x1x(1-0.1) = 0.9 m’

> n,=316.9x0.9/8314.41/298.15 = 0.000115 kmol = 0.115 mole

>m,=0.115x0.018 = 0.002071 kg =2.071 g
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ERH =50% Y47 BE 153169.15x0.5 = 1584.58 Pali# (353 = » &2
A 14-17KR A HeE M B) > WIG S EWWEESR P = P, + Py =
101.008+1.585 = 102.59 kPa » [&]FF 7K 7% SR Y 5= H. 80 0] b 3 AR SR e 7 12 =ET
HArts o B

P,V=n,RT

> n,=1584.5x0.9/8314.41/298.15 = 0.000575 kmol = 0.575 mole

>m,=0.575%x0.018 = 0.010355 kg = 10.234 g

HEEERER > 10 7EN (@ =600s)EIHE (4=1x1=1m’ )&
282G =(0.010355-0. 00271)/600/1— 1.381x107° kg/m*-s

HHA14-14 G=G(m;—m) > E2Z2FEEE B25°C » H]

PWMW
Pi RT P, N
m=—= = ’ E‘RH—IO(VH J:E m;E{ =]
T TPM 062198 ol » AL EAIm; BVETEAIT -
RT
P .
M 4106 = Ll — G =0.05028
’ 0.62198 0.62198x101.325
P ;
My_1 00 = s = ISP =0.005028

0.62198 0.62198x<101.325
Ay 0 = My gy — Mg, = 0.05028—0.005028= 0.04525

FERH = 50% > FUiH b Ay /K ZE R 8 A1 78 SR BR 2% -F BA RH = 10%7% A Wi £% >
i

M 45, = M 4y, = 0.05028

P .
Myspy =~ = L5845 _ 02483
0.62198P  0.62198x102.59
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Ao, =M, 450y, — My_sepy = 0.05028—0.02483=0.02545

@ Z 3 :E. % f 2 M LLAE - RH = S0%EIRH =10%0 BBy 3852 F —#hg » FHkan 107

mm“““”“”“””” SRR 1 — (] B 9 e 0 0 TS — (e s R ) S 4 B
s, R T A (08 FE 2 T 0 1 S0 U 4 (1B 2 o S (B
*A’EU

H'H

Amy_y g, —Amy e, 0.04526—0.02545
" Amy_ g, ln[0'04526j
Amy_sp, 0.02545

BHHXG=GAm 1156 = 1.381x107°/0.03441 = 0.004012 kg/m*s > 3%

EREMEEGBENVEELR EEIRERENSER - KILA [F Y5653
BIARA A (i s EE EAHE -

Am,,, = =0.03441

PEN 2 ARG E AL AW H A BEEIZ RH = 90% 2 FH B 12 {18 i e 2 65 ]
WELAR  SEEEVHOT

(%@ﬂﬁﬁﬁinjzfﬁqu&ﬁﬁq

HIKZRIEIIE) | ERVZARE

%(Vpl):GA(mi_ml)

xn=%~%uiﬁﬂu&%&:
d
dt(
MRS BED  BERATE@ADMOBSER WV @lnsEME » 7
B Efm oS EE > K ERTREMOT ¢
< m) =2
dr pV
bl fEN M RS BABBER = 0 m =
m1,¢:1o%’$}:ﬁ{§j ST

V,Dml) GA(mi - ml)

mi_ml)
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A5 — & 07 YT 5 AT Al

m; =m; 4 0, = M; 4 o0, =0.05028
m; 4 100, = 0.05028
FIKEHT % RH = 90%
P,=09xP,;, =2852.2Pa

P=P,+P,=101.008+2.852 = 103.86 kPa

it SLED =0.04415

M; 500 = =
PP 0.62198P  0.62198x103.86

o 4 m
f:_& n( __1_m1,¢10%]

m.

1

__L15x0.9 (004415
0.004023x 1 0.05028

H148 2 5 50%09 + 53 38 > BB TR 40823 53§ £E 2 1 90%HY f 45 5 i

= 0.005028) =553585=92.3min
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o s e S Y R RE (A 7K B K 7% 5R) » S B
?@Q x&? E e B o AN A 2 SR AN et AL

1' T/}—

HHARETEE - s/ D ERAEBINR
El/j}/%% IJZF‘[ - El/j/h,: XT 177 % Uﬁ:j::
(Henry s law) > R[] :

X;s= Hejxj,u
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¥LEF R Mg X Fi

FRIEE X 3 ELELR Kol SRIE R 2
EL L@ ~/,§L'—~E &
She_rwood number FE Bk BoE RSk
Sh = kL/D PEATE B
EL I/E ~ﬂ,§u~¢
Stanton number ?“ril: YLk R TR e
St = k/u ot 5 4
Schmidt number BT B AT Tl F R R E O G A2 A
Sc = v/D ’%‘r@, EPPERT TR B ¥ Rehp Bk
Lewis number B e BFBFFARDF B G
Le = a/D T & enffdc e SRR EE Lihp ik

Prandtl number BB TR E e AT TR M

Pr=v/a IR 12 Hic

Reynolds number o R B g 4

Re = pul/u B g

Grashof number iy

LsgAp {
Gr = 2 o=
o) %

Pélect number R R

Pe = ul/D W R

Second Damkohler number

or (Thiele module) F R R
P S

= 2L PicE B

D

bl BN ERT Lap
%
AT N IREF R T A
P iz -

AT NIRRT L
S R -

LRI )/ S

PR by S
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FrehF @ E%* 25 (FH XHE : Cussler, 1997)

B iE EXaak i ER R 2 S
R LR D WO 0.67 0.50 a=H = MHT 2
,)—x R k= (i —00051[ J (Qj (aa’)o'4 LR
8 Y d= &2 2y
JFF RO BRFOER AN 2 — 5 T ¢ o
Pl % ?ﬁﬂwmﬂm“ﬁmtﬁ
0 0.45 0.5
K _ s dv. (1)
D v D
2AlE < @ g 42N o FE R S
s
k(@ ‘“YDJ”
— =g — ——
VO v v
LR T FIREE A
& height of transfer unlts (HTU’s » 2= 12
FEREMAGE- TRP); a- B9
250
F M ER k N 0.70 NG e a=H5 >MWHT 2
B, —D=3-6(—J (—] (ad) ™ £ 5 1
av D ot L
~ d= &} 2 i
B F Aol S A 2 — @
0.64 y
kd—lZl 036 dv’ v Y3
D (1-¢) Y D ¢ = bed void
B N L T i
Fost
EF R Fr % d= §i¢ 3 /2
e oV P 4 V4 1 F £
HEEFE KM _ )3 (%/)d v % P/V= H =% 2
¢ ’ 3 D WL E
WP ok Bge s AM
B e PN d= § i3 it
FAF 3 N Fez
N Y wj (lj Ap= § R WE b
R D v D TR Z
#£ W R 3 % 0.5 d= ® /FEE‘_
¢ by %20.42 dAfg] (%) Ap= F %MW Eh
S pv %R AL
ROFE S~ 0.3 cm

M1
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S

S

St

2.
3

S R B

i

E@ﬁﬁﬁxﬁ’;&@ A E

i 2 D RIS Y TR BE ([B] B - e .« &

FAFE . D~0.1 cm?/s

¢ WAg - D~107cm?/s

& 7

polymerk

IR HIID ~1078 cm?/s)

12

K&

D ~10°10 eme/s (5 B 16 53 F A1 M
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©

Chapman-Enskog /5 F2 2%, » Itt— 72 20 FI R AT FE RBOR & HL i
— T B R R R B (B — K R T AP HKER) o I — R
£ TS 2 e EE AE 8% LAY > JT R AN F

~0.001867" |
Po.,Q |

(14-21)

D

HRELEHFEAAAREBARNSEN > EHEESINEEEM - £

AT E A E AL
D : cm®/s
P: KEBET) (atm)
T:K

M, ~ M, 757+ &= (P 7K B 18)
o1t BFEEHEHER = (01+0:)/2 » ElBA (107 m)
QTR 2 B 4 (R R 2 8 > UM Il 8 FE 75 & % (collision integral)
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ma
i+di mo g,
T+dT "
W+dW
J\ k3 — / ‘ AT Z:t\ i
/
| 7 2
T —
\_ T
dA,
- d,
B F !
: '
S
K “i”i*
T L 1
T, i, W, m,
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B 40 B AP 5 401 B 6-4 7 T (19 R 28 R BVER (4088 4& E‘f{wf@“ﬂﬂ’
e R RS EKEEEESAE —RIEE
HIWEELR > @ BRZERHTIAE » m, Byis2e
N B TR A, R R R W

— ' ) (6-23)

w — w J

2=
’ﬂéﬁ E’ﬁ.?ﬁi ﬁzf'ﬂ%‘%~

H iy By R ge/KAVIEE -

A EVE S Y T F2 =R D - 48 20 {E & (total heat transfer) = FHFIEHE
(sensible heat transfer) + & Z\ZL{& &= (latent heat transfer) > 25 ZAEVE 2R H X
$’Zﬁ?5?§?’ » BldQy = he odA(T - T,) [ 7&ENEYBEED T 2K H 1Y ROR BE BT HY

BEBFE SBEFEEHREEZEMGHK  FRZRTE HNEERKELE -
NEEdO; = hp,odAo(W — W W) (ig, — i) > FTEL

dQ =h, ,dA, (T —T,)+hp, ,dd, (W =W, , Vi, —is.,) (6-24)
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HAfrh, R RNVEPENEARE > 1M B B(RE > i
—r J,odAo (W o WS‘,W) (6_25)

“w

MBERMELE (EHAISE > Le (Lewis number)' > I

Le=—= 6-26
h, c ( )

D,o~p,a

BEbL o 26-24T LR BT

h, dA w-w_ )i, —i
a0 =" O(CP,AT—TW)J e fﬁw)] (6:27)
C e

p.a

SAEBEROT T » R 2E A ETIE B AR ¢
i=c, , T+W(2501+1.805T) (H.{I fykl/kg) (6-28)
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£ 7K B O S /Y BRI 22 SBg H A R4l |

iy =c, T, + W, (2501+1.805T,)

F i 6-28) £ 6-297 1%
i—i,=c, (T-T,)+2501(W ~W,,)

i 2 6-24 o 1Y O 2= B A (T-T,) R i L 6-3 00T Jg 7= » HI 1%

h, ,dA w-w, ), —i
ap=Leo™ iy _aso10 —w, ) + L oo les Zlr)
Cp.a ’ Le
h.od4, (. 3 W -W, i, —i,, —2501x Le)
= I—1,)+ ’ B A
Cp,a ’ Le

N HgEEESE B/ TR 6-23815(6-25)H {5 ¢

(6-29)

(6-30)

(6-31)

(6-32)

(6-33)

118
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A LR 20 6-33 0 A F6-32 > BLF6-31 5 HFRIHEdQ > AIERK

di .
dQ = hD,odAo (W )(—W o lf w)

w-w. i, —i,,—2501xL
_ Beo4, ((i—i )+( 8 (Pl <Le) (6-34)
Cp Le
iF T 6-34FH (R B 1% - M A L5
di i—i, |
7 :LeW_—Ww + (i, —2501x Le) (6-35)

T\ 6-35T 2 Ky 722 R 4R [ b BR & 8 A2 BY 22 SR 5 H 4% (process line or
conditioning line) - # N 2K » F & —F K= zm =0 6-34 » H] -

dQ:hC’OdA" (i—iw)+(W Wi, )(gt ,W—ZSleLe)

Cp.a Le

(6-34)
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1B 3% — {18 3L 70 £ 2 S 1 41 F
(a) KR E T, = 10°C
(b) ZZRHIVEZEKIRE T = 20°C
(c) FHEEE ¢ = 50%
R T > P ] DIRE 22 R 4R B 1 & ([E] 6-2)
W=0.0074 kg/kg dry air
W..~ 0.0078 kg/kg dry air
i =39.4 kJ/kg dry air
i, = 29.4 kJ/kg dry air
i, ~ 2454 kl/kg
i, ~42klJ/kg
i — i,~10 kJ/kg dry air
F—MMEA T > Le (Lewis number) K&JF0.9 4 5 FEIE - FFIEEL
E(EERZFEL > Blle~ 1.0 ¢
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AL 6-34F R GBI “HA REEED T

W =W, i, —i,, —2501x Le)

Le
~(0.0074-0.0078)(2454—42—-2501x1) = 0.04kJ/kg

M6-34F A BHYSE —IH Ryi—i, = 10> BASE —HEESE “HAR
EN-I

W =W, M, —i,,—2501x Le)

Le _004

i—i, 10

AL B A mT LUK 20 6-345F 5t A 1B /Y 25 — TH &S > H36-34 1] fifj {b sl 40

N
h, ,dA

dQ=—"""(i-i,) (6-36)

Cp,a

A6-36HE R EFTEAREEENE  (DEEZRBRENED T 0 (DfEE
B HAEHEERSMELENRBERD ] Q)FRIEE > bk
HEEEGE > HEEEAEGEE " BEEE T ) NWERBEGRE
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AR MBEBE A =AFEE - AZVEE ST ¢

Q=U-A-AT,=U-A-F-LMID (6-37)

E

MAE6-28i & E RBREAMENREI S haE  AZHEREE
53 W17 (Threlkeld, 1970) > R L 2EVE & 7] 5 HBE LI 6-3709 =40 F ¢

o=U, -A-Ni, =U,  -A-F-LMHD (6-38)

o,w o,w

o=r_ .. ) (6-39)

2% R M E8E T AR

F: ZIERF (correction factor) > {&IE(RENYE LB 8 E 1Y E L5
EMHE - ME—HY = R a2 8RS (o DU U BEOR 2K E PEAR 1M
a5 U (] I BE Y 22 Ra BH 2K BT &

U,, - &BBEZHEIMEGE

O REBEENIESR

m, - HZZESREVE &R

LMHD : ¥ 8- 1595 7 (log mean enthalpy difference) > TRyl | -

122
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LMHD : ¥ 8- 1515 7 (log mean enthalpy difference) » TR |

gty = Mas o) ~liap =irs)
l —l
ln(, , j
la,()—lr,i
(6-40)
,\EF‘i
fai> lao * MZERBVEON L G E

ir,i : 7@%5: REETDRE THYEIMZERIE{E  (saturated air enthalpy

evaluated at the inlet refrigerant temperature)

DA R S B R TSN Y 6 1 2% 5| A& B (saturated air enthalpy

evaluated at the outlet refrigerant temperature)
L@ETMEE’M  REENHAEREU, ARREENUESTEAEI G
FTREEMNEAZEAE )

U, JEZAMTE ?
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E/@ AL EE Y

& &Wﬁﬁﬁﬁéﬁiﬁé Ltdtm L M S A S B AEH Y AR AE T
> 1 H.B%G < s n 5 (T 2 Ry B2 kb » dew point) i

=S
/%Héém%ﬂ'%mf (T~ FyE % - bubble point) A~ HH[E] -
K By 22 25 85 e B fs o o tb@“”%ifﬁj@v/ Y 7T

fzéﬁ CEERR o SR R A S EEEE P R — B ICE 0 [R
et BR = A S )

f%
gL
2 2 |
R 1 R R
i,
R R
E{n\
=
é J ‘\ 1
kA : ER O pAEARR R
—ﬁ,
2L AR & 4 (zero troplc) ] + AR & 4 (Azeo tropic) iTx A8 & ¥ (near-azeotropic
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) L LA S
[ : g?f"f:? T 2

# € Abulk stream™ v (7 %) € d bulk stream /L 2 % 5 (04 52)
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@ Bz3d st
Nnnanﬁf Chiao Tﬂnj%n‘ — ML ‘7_% a
e %‘ Z3 j’z /'j/ \/? 3

EFET @ FF T g
q,

! '

9y

m'c
. P
¢ —ho

Ackermann7Ff\E@(Ackermann
correction factor) > ﬁ% =Y §<§z

HEETEHE B B S EEEIE S o e e oSN
= / / :
0 3175 B AR AT i

B\ S I IS U A R R S g E S g R E

WEA R G 2 B A

]ﬂ{[
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— MR /KERZE RAVRESYIE — RREE T 60°Cit#E— RS

cm > REI0ARBYASEE » EORVAERE R0.1 kg/s > (B¢

CIHY7KEAZE R B R Y R e RTINS » JmE f30°C » Gl &

AL EHEVER - EEEVERE NEIYIEE
REEZRGETESGHEBNEERERDT !
o= 0.851 kg/m3 '
i=460.86 kl/kg-K i = 0.1 kg's ) )
W= 0.1524 kg/kg-dry-air L=10m

] _ m—m, 0.1-m

L W, = e 2T _ 1504

ma ma ma

d; =5cm

RIRZ 2% WAV & K 0.0868 kg/s
Wiou= 0.0272 kg/kg-dry-air
2 EK &
i, = 1it, (W, ,, — W,y )= 0.0868x (0.1524—0.0272) = 0.0108 7k g/s

ENAEERE 4, = %df - %(0.05)2 = 0.001963m>

ENHEIYETHFE A = mxd, x L =3.14159x0.05x10=1.571m"

B e = ., m, 0.01087
RIS REEm =—X=

=0.0692kg/m” -s
A4, 1571
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G, xd; 50.93x0. -
Re, =~ ’:5093X00§:119423>2300:>%;§17ﬁ1?ﬁ@5!
M 2.132x10°

A Gnielinski TR (AAEFES —FERI1-7)
f; =(1.58InRe,~3.28)7 =0.004333

A 0.004333
(% j(Rei_l()oo)pri ) (2j(119423—1000)x0.7

1.07 + 12.7\/7 (Pr?°-1) 107 +12.7\/0'004333 (0.694°° —1)
2 2

- kix Nu; _ 0.03084x189.1 o o o
d, 0.05

1

Nu. =

i

=189.1

i, =i, —rin, =0.1—0.01087=0.08913kg/s

-G, =m,/A,,;=0.08913/0.001963= 4539kg/m’ -s

CH O R E B R

d, 4539x0,
Re, = JeXdi _ 4539005 _ 1) 1656, 2300 = Fifiiin

’ U 1.861x107°

H Gnielinski HE R (F1-7)
f, =(1.58InRe,—3.28) > =0.004315

0.004315
N (fé j(Reo— 1000)Pr, (2)(121956 ~1000) x0.707
e _

1.07 + 12.7\/3 (Pr?-1) 1.07+ 12.7\/0'00;315 (0.707°% -1)

=194.6

= ky x Nu, _0.02697x1946 _ (oo o o
d. 0.05

7
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AL - % e E WY 39 8 2BV E R B R

_h,.+h0

h ~1103W/m? -K

avg

/

m'c, 0.00692x1006
h 1103

avg

$  0.0631

e? —1 00631 _1

Fit LB Z0EAE AR EAY N E 1-0.969 = 3.1%
[ BB F 2 455 )

IE AN ZERIKZRE > HERFRT » A5 EGENEZEL 2
TR o B 25 3 AV R B B 90°CEL60°CHE » 25 DA Rl iyt BR 2 - B
ENEVEAREURE TE17.2% - Wl @ A O 6 (4 32 2T 0% B8R 1Y b B0 > H %
BREEHBEN S > WREEAAEGE NTEMHEHEFS -

=0.0631

Q=

=0.969



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

132

HIER

¢ HE L x FTRREEHIEE RN y R RasHI S
H 4322

Q: A & B 1 o[ L

L S R
I B A AR BR ) ‘
P=P 4 + P B — ZP ) — |
HP P ST
Py=yaP S— -
PB ZyBP PR F 5

(b) # B kR M &H
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—713@5%%/ @L’:hA YrEE T

[ X—pimmEmR]) = [ E =ik
A 1_243] + [ 8% Ao EmEamE]
].'l 171 ° J1T 1

AR —IE: ERCER E R

E’“giéﬁﬂ%ﬁﬁﬁﬁ@m%uuﬁf Jﬁﬁ%éﬂéﬁ = = HIE

/Hilttf
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il

MRFE _IUEREY( ot e = cr) > AL —R o BIEBIE £ F 8512
AT T I E 5 AR AR

I o (15-43)

I L, (15-44)

40 3R A5 WYl B oy o Ay — I B 7 J8 R U B (B A UK 2K R - ZE SR T Y 22
R #FNRBZER AR ARERA LN, =0 BN, =N, > B 15-43

HIENT
oo (15-45)
dz G dz ©:
o 5 A iPE (15-46)

134
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AL > ENE R4

. o F 15—D
Ly - :jy “Dcdy, (15-47)
Y10 l_yl
: ” 1=yis 1=y
=1, 2rIn = fcr In (15-48)
O 1=, 1=y

H 1= Dia/dey > 2 RHEBEFBEGEE T =ZENT5 AL BEGREE
& EAReynolds# Bl Schmidt# AR » —LEE HNBEGAT2FE+ =5 -
T\ 15-48 (Y InTH A DAz & R BH 20 R4l 1

2 3
1{—1_%5}:1{“ A, }: 4 _l( ) j +1( A, ]+ (15-49)
1_J’10 l_ylo l_ylo 2 1_3’10 3 1_ylo
. A \
Eay BB ERAE LR yy T B4Ry, << 1> Bzt 15-48
— Y10
o] f{ e T

=1, ., =P\ (15-50)
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©)

ERMREE— TR %w
2\ 15-44Hy ¥ E 0 77 38 ¥ {2 1E 5‘& HRR AT IH4E S
~ 7. "1
‘/.'1 1 T2

1, .7 o N
1 1 _ dZ 1 ¢ 1~ 12 dZ 1
dy

| - c-D 1
I\ gt
—~ Dy
) _ (7 —¢r Dy, dyy
e 1 Jo __.[

Y10 (;~

:>] an( — -~ | = —/3C.. INnI TSy

(15-56)

~ ~

i N - ae

2 e (B J<5i+ 53 @X%) A0 15-4381

REHHT

(15-51)

(15-52)

(15-53)

(15-54)

(15-55)
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ZAS 5'/:1\% SRR ER RS 1_1 Ll =

AArRIA e SRR

2 EOR S E 2 AR LR EGR E B RoRA T -
g.= U (T;-T.)

EAPHORBEGHAAELOTCFREERETS) ¢

j AT HRE RGN

1 d,, d,, 1
U hd,, |4 % I h
~ Wi 1 he 2 Al EE G E

o IE(EEEE GBS FIMAEEME o AOIEmTE R
BBOE R ST AR » SCAsE sy o EREE
%ﬁ)@%ﬁﬁﬁéqunﬁﬁ ,fElKEZZ—%%El/j\Z/Ef’?‘& [ /%%@” {QH:%@ ggFlEﬁ El’\]“?f}:fﬁ?\;’éﬁl

LB S Ak LOATRRAR o e R
BHRBEE S SRR S aRE By v B e B

/\\\Kﬁ?)—b IK@@%%@\UE/’]BE%% dwo : .h(:'kp&F{«(
: BRSAR
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Neartional Chino T1m_g Lrire ::l's:rr

At BB R

(1)

(2)

(3)

(4)

(5)

(6)

(7)

e — 82 RV SR DR E T, - H IR RSk E B2 Al R HY m E Ry
R Hit—HE&HEN R E@E R Te>T > T, -
—HRFFECRET, - RIa{E B RN P, - i #E— Tt EFH
NEH R > By, =P/P > HPPRERE -

sTELRRNER®EE > il N FEH

.o 1- 1=y,
I, ;TlnL ylff}:ﬂchnL y‘é} (15-62)

R 15-520] s Eda#EHE - B ¢

q=qictqs= 1 __ ”:];_TG)e;j—l (15-63)

fRIBE Y6 (4 B2 2 BE R A e 14 > B =X 15-58E¢15-59 i H 44
BHRAGEHU -

BN UE - 55 808 R R 2% AR A Bl & (0 15-57)

q.= U(T:-T.)

th#r g BUPER(AFEHE ¢ WERWEAMEE - R HEH G
HWTAE % > FRPEBEWRFSE BRI IE -
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Tc,out S s Tc'i" /;\ ,’éf’,&
T.+dT. |/ AT.
Tg _|dA|To+dT, sz e
T G ;#\ bR
TG,in Tf T/‘+de /4\ f;’i/&
Tﬁout

Colburn-Drew A1V 2#F2 81 Colburn-HougenZH (Ll - (H I A E FH I E &Y

A RS TS 5 0 HEFEUBREN T 139

(D) RTINS BRAE TR Z -
(2) 45 T B 53 1AE 5 TH b 30 B 1 473 09 35 5 53 B
T RE ©
(3) FH 45 5 9 300 B8 85 13 19 B2 L 43 v o B4 JBE 7 P > fif BT R T FY S i B
Yio °
4) fB=015-56 > 3+ &
N, zﬁchn(i_&j
zZ=is
BEEGHA NEE - 0% FEHIRERE =20 -
5)5tHE ¢r 28 B :

R s R e 1 7 A2 O A

er = — (15-64)
i ho

Hor

C oo BiC , oo FRF AR 47 1B 5 43 219 BE A7 A AR 55 H.bL 24
6) HNARETHEHEIEE

G=ata= I'iiww o L-T)2 (15-65)

e’ —1
B o T, Ry P H G B i S5 EL T B -
:_:L,m N.,._, - PO (15_66)

O FEEWN - REBEXNMAKREESREENKEE > BD=015-588 K
15-59 > {HE4EEE(RE U’ -

(8) 1 RNy U'ME - i B 28 8 % BB 5 % Al 1 2E & (5015-57) -
q.=U'(T; - T,)

(9) th#kq BB R (OFTE H g > MR W EH N HHE - Bl oA 25 5 3 35 Hix,
B BRIPEBEOREHEELSG > BHINWE Ik -
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| 2 234 10 -
b / ﬁﬁnnﬂﬁfﬁiﬁo Tim_g Univcrsil‘y

{EE B /K 28 SR A2 SR AR S YIE — KSR RS F90°Clit
HE—ANESem - RIEEIOARNVEEERFE » HIRV/KZ R
ZESRAME 0.1 kg/s - BEEIRMAINLAI/KECDR R F20°C -
{Eas /2 All7K 8l 2 s R AR A S EVE AR EUR= 4000 W/m* K » Z3\fh
BIL—RBENEVEER - #222RMVEE 1, =2.175x10°Pa-s >
TKIERHIEETE 1, =1.193x10-5Pa-s » BZZ24GPr, = 0.692 » 7K
KEHT Pr,=0.973 » 5222 E ATk, = 0.0314 W/m'K » /KZERHY
k,=0.024 W/m-K » 7/KZEG90 °CHYEZL By 2283.1 kl/kg -

p\l QQ.
s
|

m=0.1kg/s BZHF

0.089 m
0.075 m
HAO.053 m _H

0.05m

L=10m
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MBEREE T ESHBNRZERERMT
D= 0.299 kg/m’
= 3867.6 kJ/kg-K

Win=1.42 kg/kg dry-air

=7
R > W, = e _memy 017y g kgikg - dry - air
m

a a ma

BIRZZE @R = m, B 0.0413 kg/s

BB EE A, = fdf = 1(0.05)2 = 0.001963m’
BENEIYETHE 4, = 7xd, x L =3.14159x0.05x10=1.571m’
HONEE 2R &

.G, =m;/ A4, =0.1/0.001963=50.93kg/m’ -s

HEC 7 SRR B V,=50.93/0.299 = 170.6 m/s

#OHZE R /K AR P E (R EERES) A
L= ( Uy T, +uw(m—ma))/m =1.6x10Pa-s

HE LI SR B
xd. ] ; S
Re, = Zixdi _ 5093x0.05 56,415 2300 = S

’ n 2.132x107°
EIREY IR SE3gPr, =  (Pr, i, +Pr(m—ri, )Y m = 0.857
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H Gnielinski /522,
f; =(1.58InRe,—3.28) =0.004085

(%j(Rei—IOOO)PI‘i (0'002‘“)85)(159281—1000)x0.857
Nu. = =

1.07+ 12.7E(Prf/3— 1) 107+ 12.7\/0'0024085 (0.857°° ~1)

HE O ZE RIKE R FHEEGE(RREEREE) R
ki=(ky m, +k,(i—rm,))m =0.0271 W/m-K

b = k; x Nu, _ 0.0271x273.3 148 1W/m’ - K
d; 0.05

J

fjhﬁﬂ’ﬁfﬂwfff SR GRETHEEGE  HE+=2E1Ix13-5>
AHEERRRE T >  ERNNEBEGEAGTELNT -

1

%
A _ 6.026Re? (lj
D D

HpphEEGHMDAEEERNGE » KEREZERTNE ERIE
HHEHE > BEUU2ZFET=2M133NFERITERX > AJHD =
3.65x107° m®/s

v KIERZENEWEBUAE 0 90°CHF £52.76x107° m®/s
Vi BB NN EE (= V,=170.6 m/s)
Nt BEGEAEFEWOT -

u AV
A _ 0.026Re?~8(1j =0.026(159281"* % =348.1
D D 3.61x10

=273.3

142
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> B =1348.1x3.61x1075/0.05 = 0.4586 m/s

# T R A Colburn-Hougen ARG HHAF M E > HoRE—ME~2
BRE SRS T,

(1) HI4IT, =70 °C » 70 °C/K 7% R G 155 BR B531.2 kPa

(2) WHREMHEHES% > y,=P/P=31.2/101.325=0.308 = y, °

O WHAREHBTEIREN, =22 c, 1nE‘y w}ﬂcr 1nB‘y ”})

GM — V1o —Vio

>Z~

cp = il LUEIL = 0.03356kmole/n’

RT ~ 8313x(273.15+90)

n, 0.0587
M 3 18

w

N6 = T i T 0.0413 0.0587

a w

+
M, M, 289 18
Et15-62 »

... {ﬂ} = 0.4528 x0.03356xln{
1=y,

=0.695

%} — _0.0122 kmol/m? -
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FITBA
' =N, xM, =-0.0122x18=-0.22kg/m” -s
(4) #E Ackerman ¢ IFE =
NM,c,., —0.0122x18x1999

¢ = L =297
h, 148.03

1

(5) HZC15-520] 51 4R 21

-
i

q=qio+q,= i, +hy (T, - Tj) ¢

(-2.97)

—2.97
e —1

= —0.22x2283100+148.03x (70— 90)

=-502360-9272=511.6 kW/m’

(6) XU’ =4000 Wm*>K - fifblg.= U'(T:— T.) = 4000x(70-30) = 16C
kW/m?® » JL{EBEG)EFELSERANE - KL E%Wﬁj‘“ﬁ@mmﬁT 1
H 7 5 (1) ~(6)1% » FRHEHIBEEL B84.71°C » BB E475218.8 kW/m” o
A BV A 48T R R 1.571 m? ’éézﬁxéz?'ﬁzf&%i

O =gxA4 =218.8x1.571 = 343.8 kW
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G ,

X z y
BIS-13  ZRSSRAMZSEAR
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Ié.im% Céﬁ' % v
393 4 R4 e

H 2RI HY %
2 # B o BV EE B

2

L"I'SJTJ'

E

R AR

PRBHNAHGETEBEY  REENEEERESYT
ki E - WHERE(ny > kg/s) L5 [ T Y H.

JUZR (Nr > kmol/s) B & B Ja il 77 BY 48 L HLiU ZR (N, > kmol/s) » JEZ & e da

E > W

o

||'[ ]x
U
~

S

(15-69)

(15-70)

(15-71)

(15-72)
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R T, 01T, b~ 2 B i 55 E B A 18 (kI /kmoll) » [ {8 B
HALE &0 EE KI/kg) AN E > H15-7209 B 69 B FE S — R o B/

I
yi :—].U’l (15-73)
I,
X, == (15-74)
]L
K =2 (15-75)
X;
s AT 7
v - . 15-76
U.,1 GJ1 (G4 lxi G 71 1 (G4 NL 1 ]'L ( )
N
Ly o -0 (15-77)
R A ' (15-78)
) ) D) ) ]'L
. ’
=1, (15-79)
K Lo
‘1,
7 3’
= Lo N (15-80)
k ]L/ \ L/ 1 K.;:U 1 1
bl
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= 2 B R FEE E EU”FZE?/% e /2 A GREY AR AT T
(1) HAEENRGYRYLE  SFESERSYNEEERE N, (B8

45 BE Bl g BE)
(2) HODEEER » TH N, =D Ny,
(3) e EHVRESES RIS E LR o BUS & ER HIK
M>Emﬁwm’ﬂ?ﬁ—4ﬁ%%ﬁ>

(5) HI25 BE(1)HY Ny, B2 BE

No s A st15-79m 5k 48 N,
L

(6) H15-76H H H Ny,
(7) mHEAIS-2EHZESYIEE
(8) AL REENHAETEL T

O=r_ .. i) (15-81)
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3% a ik RERT A

A 4B 1 % B 5 2 B 5 3 77 25 SBG(Sliver-Bell-Ghaly)i% » it — 3

ETARVE AR T ¢
(1) 257 = 5k R ¥ 5] /2 5 - SRR E0 (o 1Y O 5 828 b B P g Ul 2 AH 6] (T
= Tp) 5 WE—REBEERLAZIEE GH > A2 L ERAEM
A e
T

B 15-14 % = & L &2 4 KB4 7T & B

(2) ?i'?%&% HY 38 A% (5 H SR e D (00 228 28 G ST I B 22 N ER Ry 2 Al Ae B
FEAME - WE1S5-14F77R > FERALEAE FAYBEAELD T ¢

\E{

dQ = dQ,+dQ.ctdQc = U'(Ti—T.)d4 (15-82)

4Q _ 1y — _
> —==U'(T-T) (15-83)


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

@a;i ¢

Neartional Chino T1m_g Lrire ::l's:r_;

HP TR~ R EACRE » NRELE Gy 53R BAAH RGBSR - 1
TMRLGRRBFEL - A 15-83P HMRENAFE RN T

d G
i =h (T, - T;) (15-84)

Hihe FyRAEE5 AN SR EE(RE > [ESBGITETF » he HF fex
AR 2 BRI L T AV EME (R B h - A > EEIREHEMEE > AIEZSRH AR
EE T B EEHE (BB 2 Ackermann fZIE{H) 5 =(15-83E2 X 15-84 1] )
aftHET > BEWT

d—QZUI(T;-—TC)ZUI G_LdQG _TC :U/ TG_ 1 dQG dQ—Tc (15-85)
dA h, dA h, dO dA

R E 5=

_ 49 _
S (15-86)
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Neartional Chino Tfm_g quwrrsiry

A 1S-8SH LR AT

O g2 ¢\l -1 2% (15-87)
dA e dA g dA

E QAT LR T T -

dQ _UZdQ _
dA  h, dA

U'(T; —T,.) (15-88)

:dQ:U,(TG_Tc) (15-89)
1+

dA 4

hg

i B A S A

Uz

1+ dQ

Or
A= S CE— 15-90
.[0 U'(TG_TC) ( )

R 15-86 T ZWYE & > 1E39 &) 2 SERYBGRIRME T » ZIE R ORV e B (th st 2
Tp) » RE A #A 25 T R/ N EET - ATAE 20 15-891R 12 EL AT HY 39 &) /2 AR 4R
WEIFRERMR » EHEERIEE > ARRAEE LS HRIER > FF
A TEME LEX T S B A A 25
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o SREVIHA IR LY S A [E]

=N 10000
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BRMESELT  b—RaWEE—pn T ZEDE)NEER -
AR ¢ ]

h[DlzhA(l—x)+th (15-91) % 6000

o Vo

Al WERERH B ANERAEARZER 0T T s
1 | 4000

- 15-92

h]m l+(l‘x) ( ) 3000

hA hy R22 &Y i D A % (x)
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. Palen and Small (1964) fe H & F-HEEY)
b BB R %a?ﬁaﬁﬁ[ﬁ

h _—0.027A6
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NnnanﬁrCfmo Tfm_g Uunrcrsﬂy

g.l:l 1 1 1 1 1 1 1 1
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] = / By curve  — 8] a0 —
! = i |II __ : B ] I;-‘l
= 0 _ ] ~ 70 ATy 7 :
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b Lo aro125 W R1426/R-123 O R 3R 1426
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= m 00 = m 00 o ] = ey ]
= A 30 S chlinder E B A 30 Fujita-T=utsui"d7 ] ﬁ Cj.lx;'rm.-;m .
—‘E'j‘ 20, .~ Fuiita-Tsutsui( 4, =~ 20k e 1 = 20 rujita-Tousuicod) m 100 ]
’Fu-“tlg;;?:flslll'l[ai?r] © - . = Fujita-Tsusuio7) & 30
T - w J-l‘/ | —s""-,_-
Schlunder e — .
lﬂ __... ]ﬂ %S hlil d. \ThDrnE‘-Sh:lklr_-
.._ 0 chltinder v |
= F 7 ry - -
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Fig. 4. Heat transter coefficient for two component mixtures. {a) R-134a (X)) and R-123 (X5), (h) R-142b (X5) and R-123 (X)),
ic) R-134a (X)) and R-142b (X5).
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Neartional Chino T1m_g Unfvcl'sir_q

it 72 {8 & ] PR X, YRV & ¢ > HRESDU(1991)AY(E IESilver JA £
A Gungor and Winterton (1986)HY &% 51 /5 2 2\ AR i F it Bk i 7Y 2845 (R By
(LWEEARAENFEFNEFHR BEANSRH) > —5tE T EAFTERZEDT
&R > B RFESE(d ~ T~ Po~ x>~ Ty xp) > VIER M (16 ~ e~ po
oL~ kg~ kp~cpcprirgy M ~ P.)~ Vapor-Liquid-Equilibrium (VLE)&
B2 PI40E 15-19(a) ~ 15-19(b) ~ 15-20(a) ~ 15-20(b) B 1S5-21HY &R} > &F
HFAMT > Hp PR~ EHNEERHEAGE —EHvEEs - DUER
F B (D~(XD & 7w EIEFGEENEIRE S =78 8% 0] DL E B 95 H — {E &
26 W qfE 1% B #E A 25 B (D~(XD)
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. National Chiao Tung University 7Zdi2

A-’-‘ N7 NN Gdz e
(b) S REIRAGHIAAE SR > Rey =— » %5 Rero <4000 - HIIFH

Hi
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C
(¢) FTERAEHYPrandtl number > Pr, = ﬂLk "
L
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N . Gid,
(e) st HERBEMAVE LR » Reg = °
Hg
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S e P
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q. :Ucb(TH _Ts) °
(0) ETHEZ2H (A 15-86)
o dQ, _ chp,GdT: m)'ccp’GdT:xC dr
dQ mdi mdi PC di
(p) DUFEOMEHAEEER > & F FEOX)DERENLELHE -

(D il B plofx 9 16 248 (5 B (nucleate boiling) » £, =C,q""

(I1) {fi E boiling number > Bo = q .
LG

(D) {EE¥REENEA4E > E=E, +2400080""° -

1
IV) 5TEhIE W BRI E > S= °
(V) f 1+1.15x10° E*(Re ,, (1 - x))""”

(V) 5F R I 2 e OF B 208 S W RLE) » by = hy,S <
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(5)

(6)
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m

HpCp HE—ARRNSE » WRAEERHCEL K) AIIC, =
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(VID) stEHREAFNEGEEEREYHINE)
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Typical process Evaporators
and Condensers
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National ( :m Tung University

= B R 7585 2% Batch pan

Product residence time normally is many
hours.

Normally boil at low temperatures and high
vacuum when a heat sensitive di4htrmo-
degradable product is involved.

The batch pan is either jacketed or has
Internal coils or heaters.

Heat transfer areas normally are quite small
and low under natural convection
conditions. Srean

Low surface areas together with low HTC'
generally limit the evaporation capacity of
such a system. roouCT

Heat transfer is improved by agitation within
the veccel

CONDENSER

CONDENSATE
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;r'-t;/w_%@ f;”‘“” Natural Circulation

DN ‘1/\\\

¢ Evaporation by natural circulation is
achieved through the use of a short
tube bundle within the batch pan or ok UACu
by having an external shell and tub
heater outside of the main vessel.

& The external heater has the
advantage that its size is not
dependent upon the size or shape
the vessel itself. As a result, larger
evaporation capacities may be
obtained.

¢ The most common application for
this type of unit is as a reboiler at
the base of a distillation column.

STEAM .

'PRODUCT
ouT

FEED
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UHE 7k 2528 Rising Film

& As the fluid moves up the tube, more
vapor is formed resulting in a higher Tu bUIar
central core velocity that forces the N
remaining liquid to the tube wall. OR VACUUM

& Higher vapor velocities, in turn, result in
thinner and more rapidly moving liquid
film. This provides higher HTC's and S
shorter product residence time.

¢ The development of the rising film
principle was a giant step forward in the
evaporation field, particularly in product
quality. Higher HTC's resulted in reduced I
heat transfer area requirements and
consequently, in a lower initial capital
Investment.

PRODUCT
ouTt

-CONDENSATE
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4 The falllng film evaporator does have
the advantage that the film is 'going Eva pOrator
with gravity' instead of against it. This
results in a thinner, faster moving film

and gives rise to an even shorter

product contact time and a further
improvement in the value of HTC.

¢ To establish a well-developed film, the
rising film unit requires a driving film
force, typically a temperature difference
of at least 25F (14 C) across the
heating surface. In contrast, the falling
film evaporator does not have a driving
force limitation—permitting a greater
number of evaporator effects to be
used within the same overall operating
limits.

FEED —»

SSSSS
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ouT
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G/ FA LLING FILM
TUBULAR

& The rising/ falling film
evaporator has the advantages Figure 5
of the ease of liquid distribution
of the rising film unit coupled
with lower head room
requirements. The tube bundle
IS approximately half the height
of either a rising or falling film
evaporator, and the vapor/
liquid separator is positioned at
the bottom of the calandria.

STEAM

VACUUM

FEED s

PRODUCT
out
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. The forced C|rculat|on evaporator was
developed for processing liquors which are
susceptible to scaling or crystallizing.

& Liquid is circulated at a high rate through the
heat exchanger, boiling being prevented .

QUTLET

within the unit by virtue of a hydrostatic head
maintained above the top tube plate. -

& As the liquid enters the separator where the

LIQUOR HEAD
TO PREVENT BOILING

absolute pressure is slightly less than in the  svesmwesurace | concemaes
tube bundle, the liquid flashes to form a _
vapor.

& The main applications for a forced CALANDRA

circulation evaporator are in the

concentration of inversely soluble materials,
crystallizing duties, and in the concentration
of thermally degradable materials which GReuLemoN sue oG
result in the deposition of solids. In all cases,
the temperature rise across the tube bundle

is kept as low as possible, often as low as
2_E°F (92-2°C)

DILUTE
| | <= LIQUOR
INLET
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e Plate Evaporator

Figure 8 E
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condensate |
vapor/liquid
product

product feed
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Shell and tube condenser

ICELINGS

SHELL AND TUBE COMDENSERE

A pertect match to your requirement

engineering-resource.com
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4"8hell and tube condenser

To ejectar
Wiater outlet  Steam vacLuum system

Biaffle Baffle g Tlanges

i ¥

Flanged
COTET Tubezheest Tubezheest

plate
Wiater inlet

_onden=sate
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BAFFLE AND TUBE
SUPPORT PLATES AR QUTLET

EXHAUST STEAM
INLET

...-'J-
1

COOLING
WATER
INLET

g
1Y,

COOLING
WATER CONDENSATE QUTLET HOT WELL

DISCHARGE

Figure 0 Single.Pass Condenser
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In3|de a water cooled( shell and

tube), surface condenser
& A surface condenser is basically a shell

and tube heat exchanger with phase
change. The main parts of a condenser
are as follows.

¢ 1-SHELL
¢ 2-TUBES
¢ 3-TUBE SHEETS

engineering-resource.com
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Three stage condensation

& Condensation takes place in three stages

¢ 1-DESUPERI

EATING.

¢ 2-CONDENSING TO LIQUID.
¢ 3-SUBCOOLING ( to avoid pump

cavitations)

engineering-resource.com
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r Flow Arrangements

¢ Condensation Inside Tubes: Vertical Down flow
¢ Condensation Inside Tubes: Vertical Up flow

¢ Condensation Outside Vertical Tubes

¢ Condensation Inside Horizontal Tubes

¢ Condensation Outside Horizontal Tubes

engineering-resource.com
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Condensation Inside Tubes:
Vertical Down flow

Tube Diameter: 19mm to
50 mm

engineering-resource.com

\apar
Tubashest yvent

Water ot

|
Watar In
] |
Funnel .
g arELar
Wapio
vant Baffle plate
’—h ’_L SEDAraIor
Aftemata haad Condansats


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

% j-‘ ié— t '.f vapor went

__:?i:ﬁanﬂf Chiao Tim_g quvcrsiry

Twbkeaf @l vidnr

Condensation Inside Tubes:
Vertical Up flow

Tube Diameter: 25
mm or more B
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Condensation Inside Horizontal Tubes
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Condensation Outside Horizontal Tubes

Water out aapor vapor vent
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& Corrosion

& Expansion

¢ Arrangement
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\PPLICATIONS

2. Water cooled condensers

¢ Thermal power stations

¢ Nuclear power plants
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End of 4th Talk,
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