AR > P EVE [ R R he IH < MEH]

L) &S

FEE

BIT AL TR TR

MR

EN TG R S PEN RN Z R
HETE SR (PR ERRERE - B0
PEBMERE - PEUARRIT - KIGRESER
e B RRR RS R QB MESRERE
H BRI B ERRICRIT - SUPEGTSE
FEAERER A E AR LR R E
WS S TRESBERNRET - LR
BRI AV BCE FRCE » DU ERRIFRCR IR
REVRUEFE - A (HE R A ARV B B R
HE o A E R YT SRR AT ARATEY
1% REHHE R AOBE I AR - W5
BB H TS AR A E s - RN -
B R RN AR AN EEE
BRI - EHCH Rtie T BREVE R HAE
R 0 B TENIREREIE MR B A B R (] B
HHEEEBRRE -

)

“‘—‘gllj_

ELIRF TR S EAEEEY

B RM o AN SO B s
3o DIRESRIERA - EFTE TR

EAE - ¥ RAEEME A EERI A

BN EEER N Y RS E-EE R
L (V& - PllRIE AR - EEEF]
FREIn LR B R HE - EmaErt
TR BRI A E AR E R

DUZB B ERIEVE HR R A B M RE I -
EeSh o SEFRBR R T EEE N ARER - IR T
B LR  EATHAR & TR
ERHBETESR » L TIEREEREE
HEGE R — o
AL TR RS P EAHS
I P S S A M B S B R )T i
REESUE (thermal-diffusion column)
o IAGET TR AIRBR R )
H AIEREIRUE - WG I EROE R S BERL
B FEETE (distillation tower ) 7 thf A
@ﬁ%ﬁ’%ﬁﬁﬂﬁ$ﬁ§ﬁ%ﬁﬁ%z
TR ¢ BAMATRIR B4 (loop reactors)
o-11) | yods LiEATEERE (airdift reactors )
(1214 oy A S 7 2 5 R B o
IREBREES - EREEEEILUSRA
AR (internal recycle ) BEYNEIEFE (ex-
ternal recycle ) F¥H - PG ZEEF]H
LEBNTFRENEEEMP R ERY
W FELEREREE T EAERIRE

IR e R IS - ATRFT T
RAB-REEEESAR  LFE (s

er) BT (downcomer) RIS » i

R ST A PO LA -

P ETHE R R B RS - Rk
BTN L RE TR R AR
[T - TN R A B B A R IR
LA R PSR EY - RS

LI %54 &% 5H(2007) 43



BIERITHEE e R & SRS T e
T R 7 BB A P B 3 - S5— T
T SEE R R A s R e S
By LI ik — e R R R e

BIANZREmSE PR R e - BB T

RHATIR SR 4 LB  E R
EErEE T W@ TR o HERE AT
BANEGET - B P EE R M
e TR T EEE FRIER %ﬁﬁaﬁ?&iﬂlﬁ%
REERR -
ZKEH%E;HE%:E%@&%%I%Q}J%% R
FEFHEHME LR LR 1
B ETESER R T o WS R E R
Bh BRI EVEEE BROR - HRRYR
%Egﬁ}ﬁ%@iﬁ ()@L%%{’F%% ﬂﬁ?ﬁé

Supporting RODS .

Intersal recyele

Tuyere

Gas inlet

B W%L%E%%I

Feed i

FOEBRFEE - BB R

— > L_/J;L.;:F::J.“t

Tﬁ’ﬁhbfﬁ%‘é{/ﬁﬁ/\fbﬁi:ﬁf‘m%&flﬁ B
FERZ BT B S ERRPRE R -
A LN R e R SRR R

B BT e ERELE (ODEEEERE

QESEEREHO TITEEE -

21 ERERE
BB A B OFTR > £

ERESEE MR CER R — e R R

HAREFAESEE AR - B A D TR

FTBER  BEITEALE -

Overheat product

Recyele

Distiller

/
\

i

I Vapor
@ L

Bottom product

B2

(3

44 {1 F 54 £ B 5 H(2007)



B &
22 HEFHEES

BiEE B R A VB GRS - B
(4a) BHBREEGEREN - TIERELE

A TE » RTINS | e
HS R TR B R A 2 Bt
HAERSE R SRR AR - B (4b)
s R BHE R (4a) SEFRBEMR - X
HEAIERE LIRS 2 BER - #
P BB S eh — BB 43 B T e M R L
SERESE | BN AL EAL TERE
EIERE ST BTEAS LS - [ (4o)
HSH B R TR S S 1 S IR TR
R L B3 A 55 2 SHSBROSRI T > I8
2 BB B RTE LIF S ASE 1 EEN

A A D TIERE RS HRAEAZ 1
I -
2.3 ZRERE

Zﬁ%ﬁﬁﬁkm@ﬁﬂTﬁ%Sﬁ
AIBGETT - MR TR/ R IR
ARG AR o HEEANE
EEB R CAENEE - EEG T 5
(5a) ~ (5b) £ (Sc) AREFRBAREIE
2P B S I (4a)  (4b) BE (4c)
R - KL - E (54) BERARE
EEE TR AR 117/ M EEE
RIS LM T IERBEEAR 2 (7RE i
B2 (R A LA B RR L B B
2 AR AT o BEES | {TREEH AR
SHEAE 2 77 - B (Se) pyiEpE =M

)]
@ﬁ%ﬁ@ﬁ@f

,;%ﬁﬁgpﬁ
?ﬂﬁﬁiﬁiﬁﬁn

ff-@,

B (50) CPEAESCRRARERE (o) T
RARIBLLPIEE | TR — 8 TR
BEAE 2 68 S BRERERES 1
B UBEA DRSS

= R RS ERE 2 TE

34 ERSTRERARMG
AL TR R B S BT

F Al - DF R ELATRF » KRS ARE
(LB TR AT P R s A58 N EETF T
PR LA AT B BT 4058 (micro heat ex-
changer) (7'8) - HH I ATH] - ﬁﬁ%%%%
SRR - @%%%ﬁﬁﬁmﬁ&%ﬁ*
@%&ﬁ*%&ﬁﬁ%%@%ﬁ&ﬁﬁ&ﬁ’
B RS E (- AU R — %
T%%?ﬁ&“””iﬁm”””@ﬁ i
mﬁmgﬁﬁﬁﬁﬁﬂﬁ@%i@””~%
@Jﬁ‘( % ) (28~30) @%%%[mﬁp (3; -33) %
Lk %ﬁ%““”&#%%mﬁﬁ%““”
% o fEF FIRBAE AR IE A & ) B R
§i3?3§fgtﬁ$§ﬁﬁ3fﬁﬂ ’ﬁﬂﬁﬁ?“§§§1?5¥#43ﬁﬁ
[P BOBRRI S TS » SRR T
RERBETILAAEFARELNRE - EHE
BT TR » MR TR -
DR S B BT SR SR B 5 R B B AR A
{1 e O A B B S BB B TR T o TR
B R P TOE R BRI A
AL ER TR TR T 2K D B LD B Bs

LI 3 54 & 55 8(2007) 45



(b)

@

[El(5)

s HEFEEHEAENAETREERERE
T R TEREBHICERE - DUERNEL
HYRE -

R FEBT BRI - T E 2
B R P e E A RYE S B B
9 PR BRI R B S E IR R REE
EEEGEEIERL S - Al —ERRER e
FEREHTHERS  —RERENEER
B — RN ERER - BT SuelE—
HTIE BTy WE(Ga)FR » A
— Al RRBHNEEF R — T ENE
BRSBTS - W LS ATER e e iR AL
NERE TR - WEeb)AT
o

TR BB B R TR R A B
TS R A L FAE R 25 R (conjugated
Graetz problem ) “049 » AKiFS2H] FHEEESE
SRR E BT A E - BPEEE
B 7 T R T BT R B OB R
ESa I

46 LT %54 BB 5 M(2007)

(&)
TITREERAR

vamr? Qwa(m,§) 11 @ Oy(n,6)
al oE —_77_[ ary\rt on )J W

Vb{(:]?rg B\Pzé(g,&): % { aan (naw%(::,l’;))} o)

T vaBE v & R PR B S MR R
HES > o TR BVE IRELREL - HLATH
BERE S EER

0wa(0.9 _ 4 @
on
yp(1,6)= 0 oy
Bya(k,8) _ Syn(K,8) )
on on
Ya(K,8) = yu(K,E) (6)
Ko TSR



6 FEEERE (HEE
__f‘ s 2*%_ 3 :w}:tw »
= 5 L
Ta Tw T,— Tw r
amT Tw ? bWTI:‘" Tw (/)

HP RETRSIMERE » o BB
REAR LB IRERE - TRIWEE
EHREEE - TAIMEEER R
ToREETIIRE - T REEEE - BES
AR ¢

== Si,mFim(n)Gm(g) (8

81 1F 77 BBk (orthogonal expansion tech-
niques ) HIE I EEISHINEE
e

8 s
VF=Gz(R + 1) Am

ke Fy(x) )

o Gz BB TGRS R B 28R

4y

) ”‘“é’itﬁdﬁ%%

(&)E TEZ—L O fTiEE

Jﬁﬁﬂ%ﬁﬁgﬁgﬁﬁﬁ ; ai’%ﬁﬁ‘i“,m%?ﬁ%gﬂ%
i L%,.\\’fi?ﬁ%ﬁa E?ﬁﬁﬁf}%ﬁﬁ%ﬁ@ﬁ
gt %‘@'M$f}'#ﬁ%§fﬁi ( Nusselt num-
ber ) jﬁ%xfﬁ%ﬁﬁﬁ,mféﬁﬁﬁ ’ T

Nu="D

ex%dz(i—w;) o

Hrih RS RR  DARMRER -
GEIEE IS )ISEb e My
RAIBARBYNE - HERZRFE
A B R I TR R A A A
SRR > TR R R R
=

(T~ T) _k(T,— T
Ya= ans Yp ™ ans 12

APk RREERE > " REERIESR - It
S B RERG OB

Oy (1,8)
e | ik

n

L %54 4% 5HMQ2007) 47



REEEES

A E A LA
I (%) =2 N, 100 9 n
Ug

E¢N%%%ﬁﬁﬁ@fﬁﬁ?%ﬁﬁ%%sfﬁ%&ﬁ%ﬁ%@ﬁ%ﬁ%ﬁ%ﬁ@?m%

fﬁ: W??@Lbibﬁgﬁﬁﬁ.'
BB R RSUOTEIREENGE s st s ians - 101 AT
Mehi%%8g (Graetz numbers ) Gz{E[E - BT 5

8 -
W7 s [ 2 B B

A R (EREERREEHORE
B9LLAE - FRE(7) ] DISE IR T FE I i R
AR SE AR B R R L5 B Gz BT
Eb R griEEk » HE@) A i A e
WSS E TR AR TN R EE
WFEE IR ZGB Gz FSEPRLL RSN
i e sesk o BORBEEEERE _TERR
RIZAT R SR EME AR F > hROFE
B HE R R F RS SR B EEE R

R A TR R Bhas SR Y :
ﬁ%%ﬁ’ﬁﬁﬁ@ﬁgﬁﬁﬁﬁzﬁ%h;;
A B AR IR %ﬁ%ﬁﬁ%@i@iﬁf}ﬁ%f By
B - %E/\"Tﬁ%_mﬁzﬁﬁc%ﬁ%%ﬁﬁﬁ{%ﬁﬁ
o FEEREE R Gz BB L R (SRR - [

5 > SRR EITRER R - IRl
AMBGTIRS OB EIRE T R - Bl
(S)Ei%(z)lf@ﬁﬂ"}‘%pﬁﬂﬁm%%@g =iz
PRI M A RR I B BRI

ﬁﬁaﬁ%@@m%ﬂ R {TAEERE
P R SRS B SRR T R

B RT 208 Gz KB tL R BRIELE -

HIBL EBOHS AT AZII - ma R A
S SRR AR R AR
BT RO BE AR - TS R St AT A

ATHRERYEAO B BB R R B AR
HEEEE R EERARS - RN RERR
B HATA B B ACE B B R
5
3.2 KRIGHEEEBZRH
E At 7S B R e R R R R &S
R L HERRBRAMEE N - AR BE T
BERREDESEEONER  HPRE
BEHREAFKTHELYEE - MRNA%E
E{"}’@l%ﬁﬁ@%%%@% BRItk 2 H A

()

48 1L F 54 &% 5H(2007)

[ 7 B B A AT R E i B

AR SN B B AR R I BRI



0
je

10

Nitor Nu
B

Bl®) EEEEMEE T TREREATRES PR e

() RS — I s B R

I (96 R=2 R=4 R=6 R=§
Gy= 1 — 3333 — 20.00 - 14.28 ~ 1111
10 1324 4.06 11.28 15.08 _
100 32423 . 37324 391.10 400.31
1000 112775 1204.22 Cmssatt 125196
£0) [EEERENEESTIRIRNAGRBAEIRER
In (%) R =2 R=4 | “R=6 | R=8
Gya= - 94.07 — 94.56 ~ 94,64 - 94.65
10 — 64.51 — 61.77 — 60.57 — 59.90
100 3.35 7.70 9.25 10.05 .
1000 32.55 33.37 33.64 33.78

REERITER R EEEHE - HEXBHE
BEEMEEERE (K 1 kw/m®) L8RS
LA A A i 2 ~ BEfr RIB KB
AHREHETE - KAGRENEATESE
«é‘g(sz—ss} N ﬁﬁg(ﬂmm}ﬁ%ﬁﬁﬁ@%(s%m)z
o RPN DB ERGE RS - X5

SERARTEES R AGREZE IR
BRI REBUR S TR - ERIEERN
BBBUERIBERERS  RETENESR
REASE » BETEREREERZE > Hep
FARERIEIE AR T DUEHZ R - Bl
AT AR R RN R MR AR B R R

i %54 &% 5H8(2007) 49



HF o BRI SR B s S
HEBOTI L DR R o

TEILEE /5& BISHE — TR A BAE SR
B B B A A R I v B o A T
LEE - SRR R K AR B
HAEANEE - BOaBEEZH T
B S 2E GE INEAER - (9B BRI AH
SRR TIT IR A A B AR S R B
09 o ok o [ (10a) {5555 = A R =,
AFSBEB K TR - B (106)HI 538 i A A 4
R A IEBK Y  ER A A IS A
HE RS R DGR R E AR - A0
SRR B B R M
BEE  DITTEE R A KRR BN E
EE . MR AERE
R R

Spotytz— Up(Tp— T)— Up(T,— Ts)—
h;(Tp— Tb(Z))"“ hz(Tp_ Ta(z)): 0 15

e SoR A AHRE R » o BRI
6 T HTEER » UdRBIRE MR 8
1R RBL  Unl IR IS 25 8 41 502 249E
SR b RIHEE TR B
BEIRAG - ho R T B R R
VB R TR B IT F E5HE I
B ToRERSE TEELREE - TRE
BB » TRASIERE -

e A

hep-o (Ty— Te)+ hy(Te(2)— Tc)
== UCI— S(TC; e TS) (1@

U oo, BRI BRI 1 M2 RETEE
RE e To R LRERIEREIIERE  Ue—.
LB FERBEREEINNC BEAR

50 {br #5554 &% S E(2007)

glass cover

m

absorber plate

glass covera

absorber plate

(b)
RIBEZERMEE: @ TE O™

B9
fridi s

moom
& B

gluss cover

absorber piate

glass cover

absorber plate

m i

(b)
B EHREUAGEERKER ¢ @I ; (b)

A



By ok EIE AT EE s R
TREE AR -
B REERE

ho(Ty(z) = Tr) + hep-r(Tp— Tr)
= UB — S(Tp - Ts} 07)

ho B PR SR AR R ST BE AR  hop
g AR B2 [ A ) o B S LR B 0 U B
R#ha JRH BIRERZBHEERRE
Te B IEE -

I AR R A
FEER R ERER

—(m(1 + R)C,)
[ W ]
= (T,— Te(z))— h (Tb(z)——

dTb(Z)

Te) 9

AP C R EE T RE R R -
WREHAE mBZEREERE -
TEERECERSE

(m(l + RIC,).dT,(z)
W ] dz
= hy(Tp— Tu(2) — hy(Tu(z)— Tr) O

OO P A ER@ R R

E=1:T1)= Tor *» To(1)= Tpr >

ﬁ] Tb,Lx Ta,L 0
B T+ RT,(0)

E= (» Ta(())m—w~——~~“~~m~1 TR @D

FiRmBREEEEME Mo AR - B&
WA ~ eI b AR RE BAS R A B
MR R ENEEGE N IR MR
FLlE R R S T B R ERE &

BA - st R AR R 8
HEERFEE TR

A EE R -

dzTE(X) {}L (Tp( ) T

o) U ) @2

P k R BB (R - SRR
HIRE > U RMEMBRMRE R HRTR

dT,(x)

dx xm'OEO @9

p(x)lx' (W~ D)fz: T e 24

H W %@l"“ZF’ﬁE&
Tmbej% E ZM%{MJ:EF
%ﬁfﬁzﬁ%@ﬁffﬁ %*i%: :

' D %I”“?Mﬁ

m(l + R)Cyer® dT“(Z)

'wr« {sﬁ UL(Tfl(z) Ts)] (_25"

(1 + R}C dT“(z)

WF'[SQ— UL(Tf,z(Z)

=0 o

S T B R T - Pl
B YRIT > m 28 BB -
DD SR P

z=0>Tg(0)=Tp» T0)= Tpp= T_f.out a0

z= L Tr(L)= Tip= Tra(L)= Tor. 9

HHF Tyo=(Teo+ RT,0/(R + 1) - Fl#kE -
I PR 7 AR B B o s
HESHIEHATARS AR » BT/ A
B B A Bk SRR RE S A S

PSS RE R - AR M AR A S B
EnFLlESER
QA '
B @9

eI % 54 %% 54 (2007) 51



2 Quiy TS B AR A B RE 2 FLERFITAE
BISHYEER - AR RIBRE BB I -
B AR G RGN ERIERA
AR (%) HESER

h(%)mﬁiFXmO% a0

ﬁmmmﬂ%%WX@mﬁﬂ%@%ﬁﬂ
&

I 1D B R 12 % 0y 7 A3 s B A B
B 2 G2, 1 B8 B B B AR B R B e Bk
RO BA R R TR R o (D[ ) v B R
{EAIE A ST EEE - Sy= 1100 HE 830 w/m? »
BB RIS R A A8
B 0D 5 B ) v T B A I A
B o EVEEET R - AN o AU EHE
DA - 00 K o B 42 BB Y B TR
RIS T/ s B RER (m) BRI -
B - SEE (R) SLEREAGHEEEEN
B AR O B AR T R D B 02 B 1
B R R BVE R S -
FEMEE®S » R = 0 BIE % e EE
(Sa) 8 E(4a) 3Bl 0 =5 » B aD SR E A
T 5 281 T RS o B A R A EL
A BE AR BB th M Y B B R B TR R

% )
110 —r———— .
100}
90k
80
T0F
§- - 60 VP B s e 7
. i 503 ) ' ) -
o 40 . m= G021 hgls
301 - m=0016kels e i
20F, AL —
5,=830 wnf ===
{} i i i 1 i ] "
0.0 05 i) 15 20
R
B T TREEA ARG A RN B R
BRREAE S

52 fuL B 54 E&F 5 BM(2007)

12—y
5, = 1100 wif
10F 8§ =830wm? w -

o=ty
i

® ) m= 005 kgls
I S
Al ]
;MQ%W” N
2:@M 7
0 bt e
0.0 05 10 15 20
R

B0 SERAER R Rk SRR

REAETE

3.3 fEXKELSRE

PR EHOES - AR BRIRSY
RS RS B S B ERER R
RIHEENEHIE - SR ERRREE
T o A1 5 A S F S B R RE IR A o i)
HIEE sk o IS EEEEEETF (CTES, cool thermal
energy storage ) /& —E ] L AEHEIL
BRI R BRI - HSERER TR
Al Rk (chilled water ) ik
(ice-making ) SEHRFIME - AR
RIS TR RE I R A7k R AR 4-6
00 Kk ERS R ERERTAS
RGBT ESTE - fE
SR LS REECY  BRe-YE =
FERETIREGRIE - H oL AR RE R K
SRR A o RS R HIRETE
FIF BB B e Ry P B B IR B [ Bk - SRS
BETENAERERR - S REAEE
REAZ BB B RS BRI —ER
- AL EYRE - BERIREREAER - =
ATET IR SO R R e A - I ERESR
e BB I R TR ST R B B Rk
TS SR TR B Ak s Ee i o i LAY ED &S

RS ARSI DA B =1
ﬂf @ﬁ@%@%_ww @E%ﬂ%



ey

%Y)ib}‘;(% 91)§h§DE ,EH[]‘Q’E’}#(”'%)
%’iﬁﬁiﬁulmf‘%ﬁﬁkﬂﬁz Wé’]ﬁ"&féﬂ&
5 R R AUEE R RS R e
SRR o IO %M“ﬂﬁ%%%@ﬂ%
ORISR - KRR R BRI
i LR E > Mok B S H B R E
Z MR NIRRT - i
Ferng e bR LA RERR - DIEERRY
EREE R - [BI(130) 5 (S Sl i 20 F ok
REG RHT - T HEI(13b) % 0 2GR ok e 3%
SRS = LD =3 3aud BB ]: P g R Tl D
BRG] (R) EREED - HEERE
EHRETEARSTY - B RHAVEYE
R AR EN2 58 (moving boundary )
HRE » fERRiTBRE T Lo R BRvkal R Bk
RIPEER - B - Rk BIRYTKIE BMEHR
FRE AR RS

_aﬂﬂ

5t =Sy 0=x=8(1) 3D
5(0)= 0 .:_ @)
~ K (Q%%J))mﬁ (V:— ) e
(3,0 =¥, .@

thin metal plate

(a)
E0) FEkES R

SRRk VR BT R T
B WL B UKIB AT kR ke B R
5> DR SR SR o Ry v o AR
R SRUKIB IR BB - ERK
RS Ak FIRAE R - ERIARE
@WZ%%W@ﬁ%%%Tﬁﬁ %ﬁ&ﬁ
w%

QoY 'X(@)éxga(t) ®
X(t)=0 an
FXLD)= 0 @)
oo
.lP.(B,t}:\ym. . ._ . '_ .. (40}

i @
HP X BB R EE Y pRkE
2 QuB KB AL - LU 3
RAEI A IR E{H%ﬁﬁﬁ}%ﬁﬁﬁﬁ (inte-
gral boundaryulayer analysw )] %E‘;B{J}()@ 43 ém

W%ﬁbﬁf&%%’m%?‘ﬁtﬂﬂ!ﬁf@ ﬁﬁiﬁb@
B RA R T R TR

b

@R OE R

LI %54 &% 53(2007) 53



Ny = hD. _ Vpeed 1/BL)(yei~y:,0)De
: ke kelye— (0,1}

(42

Y RS TR Yo R4 T
#o® (01) RIKBRMERE  chBERZ
FeB o ke B BBITE - L EER
B BRBINE D A E -
B S RS R BN
A TR DU R R Y
SRR G » HASAIT

ih e — (43)

ROERTEEEECRER Tuk
305KT » ZETRIERAGERHIRE
(Teo) BREAETT » FFTE R B RE kOB S R
BEER L RABMERCRETIE - ZOF 0k
MRS BRI RS IR IR - sk
QHTETDLERER - B S R E AV BRI R
R o SE B RO R B AR R T
iy o W EREEELE (R) BE - H#
EREREARERVENET - §E - E5
VERE B » HISE B RS R BVE
PEREBEH RSB - HFRORTERATEL
HRE » SEFREETEAERCRESREERERE
HAGEMAIBEE T T RE
R o T B ARG ATT R kRS R

R T RITHRERIE AR -
VIERREBRFRECER

41 HERBBRRH
BEZRSELTREFRERREIL -
TR R - HRNEETESERE
R ERO O S MR O R & R
B FEARD 100 o AR FHRA TR
ENSEZh R - (E1RE S MR L B
i s e B R B3 BE R AT A LA - A
QI c R B R BRIV L SR AR Y 28
(104~106) %ﬁﬁﬁ%ﬁ(lm-wm N %ﬁ%ﬁ%%ﬁ
(110—112);@%%ﬁ%%(113—115)g o 3 R s
EREREES RS - RERITENEER
gy - HEENEETRHET  BRTE
FREREFRTAE] - AR BT IR R -
HolhREEamgl " S#HHEE
B EEEERET Y e R
IR BRE RS - I HREWHE
HERaE R A LERE - BN
HEEER  WEEARI AT RE
REE AT BN RS AR -
R BRI - EE B AR
FREHRMBEEEEEERERN - IF
B2 » E R AN E B R E
ETE - st H - ETREPREEETR
& 0 (4R - EEPRTEAZE

F(3) HFAE RS RN R ER R AR

Tio= 298K Tea= 297K Teo= 296K
b R=1 R=2 R=1 R=2 R=1 =2
= 0] | 405 8.38 3.68 833 3.16 8.29
03 236 | 473 2.99 5.92 2.91 6.03
0.5 1.78 3.63 2.59 5.01 2.60 5.12
0.7 1.54 3.20 2.05 4.03 2.37 4.60
0.9 1.41 2.96 175 3.48 2.20 4.24

54 ft F 54 &F 5 H2007)




HBE B fREE— R BRI
PRSP I BN B gz ™ - 3t i AR 5
TREE . B R 101 Bl (14b) 7 77 1 IO AT A2 S i 2
PiEUE AR - BGOSR - T
PR B R R S R T
R IE ERRIARRE - SrNEERR
BTz A 2l - KRTESE

HO B TR SUBR S PR AR T
BERE

< < < <

(b)
Bl BlEEEREEEREERNES @)
HEa Uy EEma
0%yi(n,6) _ W%Vi(m)} oyi(n;,E)
- onf LD | ¢
0=f<l i=a,b,c.d @4
P, (0,6)=0 )
Owa(L,E) W, Ow(1,8)
W, anb )
LY 1,1, R(1,0] @
aWb(O é) Wb a‘l’c(gﬂ‘g) (48)
oM W, one

&%2@) Vwﬂwuoa V0L) @
dvl1E)_ W, dyu1,8) 5
on. Wy Ong

D1, e
"’afif) YW [¥o(1,8) —Po(L,E)] D

Pa(0,5)= 0 G2

R REE KRS

m—xl.m, :...,z_, e (R S 40
L T i £

v=eg(W/8) i=a,b,cd N L))

Hob WoRSBIHAEE - L RER RS
MR » Coly BRI » CORIERHATE » ¢
AR i SRS R
Tha b o1 d g h LT FHIERRY
B8 - FIFTE R AR MR
RIEZ BB » TR T

o P

+ 3 sdedm(O)(—,bm\;,—)—W] o®

G R  BEE LT

RECKIT R B M FEHIT

h B

mosazm(i %) 6

ﬁ@%%%%ﬁ%gﬁw%'s%mﬁg
8 1 DR B O by VAR A B R AR
G - HEEITT

2VW

szﬂ“ﬁwgf Lo S (55)

b %54 %% 5H(2007) 55



K W BB ERREEE - B A EEL
BRI - VR R « PR
B AR B R B AR
Ll 365 |

_Sh— Shy
Shy

L, 6)

H e Sho ks BT R0 38 08 T I s
B o HBIO0 R PO T R B SEAR 2 B B i
SRS (B TR LR R0
1EAE R LS o A e S B AR R 2R
B - BRI E B T
REH > EI Bl - R E B
RSN u DR PR AR
R R R E R EA S e
W - Ak EGHRATEY LakEs
SEF L SN B A -

1.5 gesgrgO

s
i
Lh

1.0

«,_.
o

E 2
. %
¢

[

ke (155

00

a 0
: Gz |
B0D  UTRESE AR UE RS
EECRIEAESL

MRS DL EROREE o TR R e
BREHLT ELE e R B
o B REE AR E R
B - QUPLAORE S - FEHE RS A IR
MEE BB - PSRN ST RERE
TRS R EE 8200  MEEERE
2 BEEREE - ST « JEEE

56 I HS54%5% 552007

EERENARIEEELRNE -
4.2 EMERIRME

1911 &£ Enskog FLUVESIH i — e
BERERERE - EES - OFEEE
E-RERE FRESREEERNE
2 IR SRR R EERL (thermal dif-
fusion) - EREEHCERMELER A IS
BRI —RERE  EESHEZESBAR
PRI RS BEROR S AT
th— RS R EEE - T S —ER D RS
B ERERRURCE - BIBECRERE R
DA R 78 i IT IR s g 2
B A BGERUEIY D SR ER AR
BB (28129« gRtn e o B gL (13013
TERE R RS R BB E 2 R s
HCHE 4350 Ea Tk A Bl g $ (130130 g |5
BT BREOE VG R T EEER
BRRUEREE Y REENHESTRERD
HIERIRBUE ISR B N REBEE =
HREVERERUR S - —-RERERS g
FEFADSBENYE  HEEEMHES
PRIZ R AR SRR - HIA 7 EEE
R IR S B T R
HUE R &% (remixing effect) - HIa[#
BRI BERCR - SRR B BT
BRIEHN S HEYHE - {LEHEMELERES R
AV R - RS RS ELAH
EREREEN - 2RI - SR S
B HENSEMES  Of£1wE - 29—
HERIEIAZ R - GVERIRIAFRHE=E -

BKE—EREENEG TERSETE
FRE HETEEEARRASR EEREE
BomRRARKPEANILFEN S
177000 » HESFERYCEESE—ERIK
FAEL - BRI B BERi L - A0 RELERHE
DIEEEOE Rk 0Y R et - BAEERE
BRSO E AT BERCE « Bl(16a)5BEE
HYERE I\ BMR RO > P A —a8E
< BIEAG I AGERLERSE - B EL0EI(16b)AT



cold wall

5 H,O
hot wall e D;0

Gy
cold wall
Cy
. ;
g
C membrane

Op
CB : H.0
hot wall P20
t

ROy

)
oo FEBEECE | @ERE 0%

AHEE A

REGEE A BBLE R A #iEuE Y - ARE
Eﬁ?%??fﬁﬁu Mz - EHELE SRR

© YRR £ BRI R R
%ﬁ%ﬁ%ﬁﬁ%%ﬁﬂﬁﬁ  FREERSUE -
RS EAK TR - B0OPocRi BRI
HYERIE - oo P REUE R R BB
H o orfll A RIREUETER B EBTER - G
REPRBUER R AR R » CaR BN
BENERRE - CRBEEUEENEK
B - EREKEIREGRAT - K (D0,
MW = 20g/mol ) FF¢ 5T B (HO,

MW = 18 g/mol ) B » BrLUBE K S &y B i
OREED - TR A R R B R
FILEKEISTBERE (A ) A DIEERUE THE
BB ARATIR B BRI ¢

A= Cg~ Cr . 6N

ST EIE SRR BEEEPIRTIE S
M DASY R RS L RIS (stripping
section) BEEAIEELL T HIREEY (enriching
section ) FEAMH » SLrH I EY Y E B P

(R 8 R
02C.e Wi, 0C,
on = LD ©o¢& o8
0*Che  Wivp, 0Cs, :
oz LD 0¢ @
acgf O)+eh W,= 0 60
ac"ff’ IGHED | p, = 0 (6D
ac‘”‘a“(‘t’ i)-; 6h, W,
acgegg D L ooh= 0 6
acga‘i I)+ 6h, W
: ‘gﬁ [ehowl, Gt Cm~ 0 &)
Hh C /%um%@i*{ﬁ}# 'V %blhﬁ%ﬁ]ﬁ

D R TR i BRI - a%ﬁﬁ%ﬁ{%{ﬂf‘*ﬁ{%
B e BB - Si%?ﬁ;ﬁﬁf“f‘* W B
BT > LOBIEEEE > Ti@a- bl
o 2% B B S R PR S ﬁm,\

e 854 %% 58(2007) 57



A G SR E R R R - 0 BB By
TREL - BE - ERE EXGAY PR
s"BI T 1S Bl 1R FUERHY B B P =t - R 4B
B HEABURFEEIER EE » BT
R B 7K B RIE P B S B B TR B
HEIRET R - B A 60 R B K 4 B
- tHERI R E T BMRECE - A
B3I 3 B B OB B K S BE R R T 3R
(Ia (96) ) AIDAESANT

Ia (9%) mé‘gf‘"xwo% 64

AT AR E B E B E R E K S

HESE -
2.0 g

AorA(,

05 £ 1 L 13 r L L 3 L
0.0 0.2 0.4 0.6 0.8 1.0

K
En $EAEEBEREEE I RRBUE R
IR S B R

BOBERHERE R DR s
B A T L A SRR A B K S B R Y
A - A B A R A SR B
W TTEE > MRS BR R o
ORI BR » EHEEBRCER 5k
Bt e T B - o ERSR 075 B
R E RSB - T R R 2
BUERAESER S AT B SR &
PR RERE BRI ELRIE R - BI09 s 0 AR
S B BRSO P B K S B e T R

58 {LI % 54 &% 5 H(2007)

UEELRBEGR - BOrPER - EER B E SR
(Cr=07) > Ia (96) BEEFRELARIEL - 1
AR (Cr=0.1) - Ia (96) #lIH
PRI - (BIEB0ORFI 88 » AW
IS A PR R T E R LR S MR E
IRITEESIER - FE TR FR TR
ARGTRER TR RS R AR E R S
st E M BREUE DR AEE R
FE R E A REE AT E B RIRUR -

350

B8 AR R B RS R B A S B
BERFEFA R (%)

ErR ot

FEL LR - TS ER
THEBERENESE R MKEE
TR (R T S A B BB R
FOAREUESE © BUNEEREN - SEERGTH
EFERERIERE - AW TELET 7255
AGEFRA - W ERE T IIREEEE
SR IER - BTSSRI - RIGRESE R
T~ RS R - BERSRIREE
WRCRIE - AR HBERE RV
Bl G R R AT - M H AR
FMEEH AR (E - AEEHEER
TESRMIEEE  SRIGH BV SUH PR
R o BRI REUR - DR R RV ER R



SR E ERER R A E ey A E R
B EHACR R T OOEE - R T THEES
SRR R RSN E R R S R R FE R
HAE R T B (R e E - K
ﬁiﬂ%%ﬁﬁﬁ§ﬁﬁbi§ﬂ% At - EFEEERR
FEREIEIER - RIS BB ERE
2 L FERGG T A U o ZE R
ERETRERERTE A ERIERE (friction
losses) » FBLAVIEEEET T BER RERIZ H.
HIEE RSO TR B -

S2EXR

1. Weisberg, A., H. H. Bau and J. N. Zemel,
Analysis of Microchannels for Integrated
Cooling, Int. J. Heat Mass Transfer, 35,
2465(1992).

2. Peng, X. F. and G. P. Peterson, Forced Con-
vection Heat Transfer of Single-Phase Bi-
nary Mixtures through Microchannels,
Exp. Therm. Fluid Sci., 12, 98(1996).

3. Sato, M. and M. Goto, Gas Absorption in
Water with Microchannel Devices, Sep.
Sci. Tech., 39, 3163(2004).

4. Ho, C.D., H. M. Yeh, and W. S. Sheu, An
Analytical Study of Heat and Mass Transfer
through a Parallel-Plate Channel with Re-
cycle, Int. J. Heat Mass Transfer, 41, 2589
(1998).

5. Ho, C. D., H. M. Yeh and S. C. Chiang,
Mass-Transfer Enhancement in Double-
Pass Mass Exchangers with External Re-
fluxes, Ind. Eng. Chem. Res., 40, 5839
(2001).

6. Ho, C. D. and J. W. Tu, Analytical Study
of Mukltipass Laminar Counterflow Mass
Exchangers though a Parallel-Plate Channel,
Ind. Eng. Chem. Res., 42, 3470(2003).

7. Ho, C. D. and W. Y. Yang, An Analytical
Study of Heat Transfer in Laminar Counter-

current Concentric Circular Tubes with
External Refluxes, Chem. Eng. Sci., 58,
1235(2003).

8 Ho, C. D, H. Chang and J. 1. Guo, Effects
of Inclined Angle and Aspect Ratio on
Heavy Water Separation Efficiencies in
Double-Flow Thermal-Diffusion Columns
with External Refluxes, Sep. Sci. Technol,,
39(5), 975(2004).

9. McCandless, F. P., Role of Recycle in
Countercurrent Recyele Distillation Cas-

1. Constant Reflux, Ideal, and
Squared-Off Cascades, Sep. Sci, Techno.,
30, 3405(1995)

10, Marquart, R., Circulation of High-Viscosity
Newtonian and Non-Newtonian Liquids
in Jet Loop Reactor., Int. Chem. Eng., 20,
399(1981).

11. Santacesaria, E., M. Di Serio and P. Iengo,

cades.

Mass Transfer and Kinetics in Ethoxylation
Spray Tower Loop Reactors, Chem. Eng.
Sci., 54, 1499(1999).

12. Siegel, M. H., J. C. Merchuk and K.
Schugerl, Air-Lift Reactor Analysis: In-
terrelationships Between Riser, Downco-
mer, and Gas-Liquid Separator Behavior,
Including Gas Recirculation Effects, AIChE
1., 32, 1585(1986).

13. Garcia-Calvo, E., A, Rodriguez, A. Prados
and J. Klein, Fluid Dynamic Model for
Three-Phase Airlift Reactors, Chem. Eng.
Sci., 54, 2359(1998).

14. Atenas, M., M. Clark and V. Lazarova,
Holdup and Liguid Circulation Velocity in
a Rectangular ‘Air-Lift Bioreactor, Ind.
Eng. Chem. Res., 38, 944(1999).

15. Yin, X. and H. . H. Bau; Micro Heat Ex-
changers Consisting of Pin Arrays, J. Elec-
tronic Packaging, 119, 51(1997)

oI %54 &% 5H(2007) 59



16.

I7.

18

19.-

Yin, X. and H: H. Bau, Uniform Channel
Micro Heat Exchangers, J. Electronic Pack-
aging, 119, 8%(1997).

Wu, 8., 7. Mai, Y. C. Tai and C. M. Ho,
Micro Heat Exchanger by Using MEMS
Impinging Jets, Proceedings of the IEEE
Micro - Electro - Mechanical: - Systems
(MEMS), 171(1999).

Soodphakdee D. and M. Behnia, Simulation
of Flow and Heat Transfer in Micro Heat
Exchangers for Cooling of Electronic Equi-
pment, Symposium on Computational Fluid
Science, Institute of Fluid Science, Tohoku
University (SCFS 2000), 95(2000).
Guedes; R. O. C. and M. N. Ozisik, Con-

- jugated Turbulent Heat Transfer with Axial

21,

Conduction in Wall and Convection Bound-
ary Conditions in a Parallel-Plate Channel,

“Int. J. Heat Fluid Flow, 13, 322(1992).
20.

Lahjomri, J., K. Zniber, A, Oubarra and A.
Alemany, Heat Transfer by Laminar Har-
tmann's Flow in Thermal Entrance Region
with Uniform Wall Heat Flux: the Graetz
Problem Extended, Energy Convers. Man-
age., 44, 11(2003).

Min, T, I. Y. Yoo and H. Choi, Laminar
Convection Heat Transfer of a Bingham
Plastic in a Circular Pipe- I. Analytical
Approach-Thermally Fully Developed Flow
and Thermally Developing Flow (the Graetz
Problem Extended), Int. J. Heat Mass Trans-
fer, 40, 3025(1997).

22 Min, T., J. Y. Yoo and H. Choi, Laminar

2.

Convection Heat Transfer of a Bingham
Plastic in a Circular Pipe- 1I. Numerical
Approach-Hydrodynamically Developing
Flow and Simultaneously Developing Flow,
Int. J. Heat Mass Transfer, 40, 3689(1997).
Larrode, F. E., C. Housiadas and Y.

60 4T %54 %% 5H(2007)

Drossinos, Slip-Flow Heat Transfer in Cir-
cular Tubes, Int. J. Heat Mass Transfer,
43, 2669(2000).

24 Min, T. and J. Y. Yoo, Laminar Convective
Heat Transfer of a Bingham Plastic in a
Circular Pipe with Uniform Wall Heat Flux:
the Graeiz Problem Extended, Trans.
ASME, 121, 556(1999).

25. Weigand, B., M. Kanzamar and H. Beer,
The Extended Graetz Problem with Piece-
wise Constant Wall Heat Flux for Pipe and
Channel Flows, Int. J. Heat Mass Transfer,
44, 3941(2001).

26. An, G., J. M. Liand B. X, Wang, Numerical
Simulation for Laminar Flow and Heat
Transfer of Gas in Rectangular Micropass-
ages with Constant Wall Heat Flux, Heat
and Mass Transfer, 39, 8§43(2003).

27 Ho, C.D., Y. I. Chuang and J. W. Tu, Doub-
le-Pass Flow Heat Transfer in a Parallel-
Plate Channel for Improved Device Per-
formance under Uniform Heat Fluxes, Int.
J. Heat Mass Transfer, 50, 2208(2007).

28 Barletta, A. and Rossi di Schio, E., Effects
of Viscous Dissipation on Laminar Forced
Convection with Axially Periodic Wall
Heat Flux, Heat and Mass Transfer, 35, 9
{1999).

29 Choi, D. K. and D. H. Choi, Developing
Mixed Convection Flow in a Horizontal
Tube under Circumferentially Non-Uniform
Heating, Int. J. Heat Mass Transfer, 37
{13), 1899 (1994).

30 Quaresma, J. N. N. and R. M. Cotta, Exact
Solutions for Thermally Developing Tube
Flow with Variable Wall Heat Flux, Int.
Commun. Heat Mass Transf. 21(5), 729
(1994).

31, Mivatake, O. and H. Iwashita, Laminar-



Flow Heat Transfer to a Fluid Flowing
Axially between Cylinders with a Uniform
Surface Temperature, Int. J. Heat Mass
Transfer, 33(3), 417(1990).

32 Wieigand, B., An Extract Analytical Sol-
ution for the Extended Turbulent Graetz
Problem With Dirichlet Wall Boundary
Conditions for Pipe and Channel Flow, Int.
J. Heat Mass Transfer, 39, 1625(1996).

33 Nield, D. A, AV, Kuznetsoy and M. Xiong,
Thermally Developing Forced Convention
in a Porous Medium: Parallel Plate Channel
with Walls at Uniform Temperature, with
Axial Conduction and Viscous Dissipation
Effects, Int. J. Heat Mass Transfer, 46, 643
(2003).

34 Lahjomri, J., A. Oubarra and A. Alemany,
Heat Transfer by Laminar Hartmann Flow
in Thermal Entrance Region with a step
Change in Wall Temperatures: the Graetz
Problem Extended, Int. J. Heat Mass Trans-
fer, 45, 1127(2002).

35, Sanchez, M., D. Rebollo. and A. Campo,
Heat Exchange in a Laminar Channel Flow
with Temperature Gradients at the Walls:
Possibility for Heat Transfer Reversal,
Heat and Mass Transfer, 40, 639(2004).

36 Cess R. D, and E. C. Shaffer, Laminar Heat
Transfer between Parallel Plates with an
Unsymmetrically Prescribed Heat Flux at
the Walls, Appl. Sci. Res. Sec. A, 9, 64
(1959).

37 Cess R. D. and E. C. Shaffer, Summary of
Laminar Heat Transfer Between Parallel
Plates with Unsymmetrical Wall Temper-
atures, J. Aero/Space Sci., 26, 538(1959).

38 Nield, D. A., Forced Convection in a Paralle]
Plate Channel with Asymmetric Heating,
Int. J. Heat Mass Transfer, 47, 5609(2004).

35 Mitrovic, J., B. Maletic, and B. 8. Baclic,
Some Peculiarities of the Asymmetric Gra-
etz Problem, Int. J. Eng. Sci., 44, 436(2006).

40, Perelman, T. L., On Conjugated Problems
of Heat Transfer, Int. J. Heat Mass Transfer,

3,293(1961).

41. Davis, E. 1. and S. Venkatesh, The Solution
of Conjugated Multiphase Heat and Mass
Transfer Problems, Chem. Eng. Sci., 34,
775(1979).

42, Papoutsakis, E. and D. Ramkrishna, Con-
jugated Graetz Problems. I:-General For-
malism and a Class of Solid-Fluid Problems,
Chem. Eng. Sei,, 36, 1381(1981a).

43. Papoutsakis, E. and D::Ramkrishna, Con-
jugated Graetz Problems. II: Fluid-Fluid

-Problems, Chem. Eng: Sci., 36,-1393
(1981b). . -~ - o

44 Yin , X. and H. .H. Bau; The Conjugate

. (Graetz Problem with Axial Conduction,
Trans. ASME."118, 482(1996).

45 Fu; T.W. and-C. D.Ho, Mass Transfer
Modeling of Conjugated Graetz Problem
in Multi-Pass Mass Exchangers with Ex-
ternal Recycle, Tamkang J. Sci. Eng., 9,

-331(2006). '

46, Ho,-C+D. and W.-Y. Yang, "Heat Transfer
of Conjugated Graetz Problems with Lami-
nar Counterflow in Doublé-Pass Concentric
Circular Heat Exchangers, Int. J. Heat Mass
Transfer, 48, 4474{2005).

47 Ho, C. D. and 8. C. Yeh, Improvement in
Device Performance on Laminar Colnter-
flow Concentric Circular Heat Exchangers
with- Uniforim Wall ‘Fluxes,; Int. J.: Heat
Mass Transfer, 49,-2020(2006). -

48 Ho, C. D, H.-M. Yeh and W, S. Sheu, The
Influence of Recycle on Double-Pass Heat
and Mass Transfer through a Parallel-Plate

I % 54%558(2007) 61



Device, Int. J. Heat Mass Transfer, 42,
1707(1999).

49; Yeh, H. M., C. D. Ho, and W. 8. Sheu,
Double-pass heat or mass transfer through
aparallel-plate channel with recycle, Int.
J. Heat Mass Transfer, 43, 487(2000).

50, Ho, C. D. and Y. C. Tsai, The Influence of

- Recycle on Multi-Pass Laminar Counter-
flow Heaters: or Coolers, Chem. Eng.
Comm., 191{8), 1064{2004).

51. Sharma, V. K., A. Colangelo and G. Spagna,

- Photovoltaic Technology: Basic Concepts,
Sizing of a Stand Alone Photovoltaic Sys-
tem For Domestic Applications and Pre-
liminary-BEconomic Analysis, Energy Con-
vers. Mgmt, 36(3); 16 (1995) -

52.Jones, A. D. and C. P. Underwood, A thermal
Model for Photovoltaic Systems, Solar En-
ergy, 70(4), 349(2001)

53. Huang, M. J., P. C. Eames and B. Noron,
Thermal Regulation of Building-integrated
Photovoltaics using Phase Change Mater-
ials, Int.. J. Heat Mass Transfer, 47, 2715
(2004).

54. Haraksingh, 1., I. A. McDoom, and O. St.
C. Hadley, Natural Convection Flat-Plate
Collector Solar Cooker with Short Term
Storage, Renew. Energy, 9, 729(1996).

55 Yeh, H. M., C. D. Ho and K. J. Hwang,
Energy and Mass Balances in Open-Type
Multiple-Effect Solar Distillers with Air
Flow through the Last Effect, Energy, 24,
103(1999).

56 Bojic, M., S. Kalogirous, and K. Petron-
ijevic, Simulation of a Solar Domestic
Water Heating System Using a Time Ma-
rching Model, Renew. Energy, 27, 441
(2002). .

57. Hermann, M., J. Koschikowski, and M.

62 4fur %54 &% 52007

Rommel, Corrosion-Free Solar Collectors
for Thermally Driven Seawater Desalina-
tion, Salar Energy, 72, 415(2002).

58 Chemkhi, S., F. Zagrouba, and A. Bellagi,
Drying of Agricultural Crops by Solar En-
ergy, Desalination, 168, 101(2004).

59 M. A. K. Lodhi, A Hybrid System of Solar
Photovoltaic, Thermal and Hydrogen: A
Future Trend" Int. J. Hydrogen Energy; 20
(6),471(1995)

60 H. P. Garg and R. S. Adhikari, Conventional
Hybrid Photovoltaic/thermal (PV/T) Air
Heating Collector: Steady-state Simulation,
Renewable Energy, 11(3), 36 (1997).

6l. Spyridonos, A. V., A. A. Argiriou, and J.
K. Nickoletatos, Thermal Storage Effici-
encies of Two Solar Saltless Water Ponds,
Solar Energy, 75, 207(2003).

62. Chow T. T., Performance Analysis of Photo-
voltaic-Thermal Collector by Explicit Dy-
namic Model, Solar Energy, 75, 143(2003).

63. Jaefarzadeh, M. R., Thermal Behavior of
a Small Salinity~Gradient Solar Pond with
Wall Shading Effect, Solar Energy, 77, 281
(2004).

64. Wijeysundera, N. E., L. L. Ah. and L E.
Tjioe, Thermal Performance Study of Two-
Pass Solar Air Heaters, Solar Energy, 28,
363(1982).

65 Garg H. P, V. K. Sharma and A. K.
Bhargava, Theory of Multiple-Pass Solar
Air Heaters, Energy, 10, 589(1985).

66 Yeh, H. M, and T. C. Lin, The Effect of
Cotllector Aspect Ratio on the Collector
Efficiency of Flat-Plate Solar Air Heaters,
Energy; 20, 1041(1995).

67 Yeh, H. M., C.D.Hoand C. Y. Lin, Effect
of Collector Aspect Ratio on the Collector
Efficiency of Upward Type Baffled Solar



Air Heaters," Energy Convers: Mgmt, 41,
971(2000).

68 Yeh, H. M., C. D. Ho and C. H. Chen, "
The Effect of Collector Aspect Ratio on
the Collector Efficiency of Sheet-and-Tube
Solar Fluid Heaters, Tamkang J. Sci. Eng.,
2, 61(1999).

69. Yeh, H. M., C. D. Ho and Yeh, C. W., Effect
of Aspect Ratio on the Collector Efficiency
of Sheet-and-Tube Solar Water Heaters
with the Consideration of Hydraulic Dis-
sipated Energy, Renewable Energy, 28,
1575(2003).

70. Morrison, G. L., 1. Budihardjo and M. Be-
hnia, Water-in-Glass Evacuated Tube Solar
Water Heaters, Solar Energy, 76(1-3) 135
(2004).

7i. Al-Madani, H., The Performance of a Cyl-
indrical Solar Water Heater, Renewable
Energy, 31(11), 1751(2006).

72. Chiou, I, P., Experimental Investigation of
the Augmentation of Forced Convection
Heat Transfer in a Circular Tube Using
Spiral Spring Inserts, J. Heat Transfer, 109,
300(1987).

73. Hug, M., A. M. A-U. Huqg and M. M. Ra-
hman, Experimental Measurements of Heat
Transfer in an Internally Finned Tube, Int.
Commun. Heat Mass Transfer, 25, 619
(1998).

74. Chang, S. W. and L. M. Su, Heat Transfer
of Reciprocating Helical Tube Fitted with
Full Circumferential Ribs, Int. J. Heat Mass
Transfer, 44, 30625(2001).

75 Yeh, H. M., C. D. Ho and J. Z. Hou, Col-
lector Efficiency of Double-Flow Solar
Air Heaters with Fins‘Atiached, Energy,
27(8), 715(2002).

76 Zimparov, V., Prediction of Friction Factors

and Heat Transfer Coefficients for Turbulent
Flow in Corrugated Tubes Combined with
Twisted Tape Inserts. Part 2: Heat Transfer
Coefficients, Int. J. Heat Mass Transfer,
47, 385(2004).

77 Ho C. D, C. W. Yeh and S. M. Hsich, Im-
provement in Device Performance of Multi-
Pass Flat-Plate Solar Air Heaters with Ex-
ternal Recycle, Renewable Energy, 30,
1601(2005).

78 Ho, C.D.and T. C. Chen, The Recycle Ef-
fect-on the Collector Efficiency Impro-
vernent of Double-Pass Sheet-and-Tube
Solar Water Heaters with External Recycle,
Renewable Energy, 31, 953(2006).

79. Ho, C. D., H. M., Yeh and R. C. Wang, -Heat
Transfer Enhancement in Double-Pass Flat-
Plate Solar Air Heaters with External Re-
fluxes, Energy, 30(15), 2796(2005).

80 fif FLE ~ BRSREE - SHIRUER i E
W NG e e e e
HELETESE A EFEERARE
LB LREFIR RS REMBERIUE
BHEE - B 120 E(2005).

81. Ure, Z and M. Mashrae, Slarry Ice Based
Cooling Systems, Proc. Of IR 20th INT.
CONF., 5, Paper No.3 (1999).

82 Ismail, K. A; R. and M. M. Radwan, Effect
of Axial Conduction on the Ice Crystal
Growth in Laminar Falling Films. Int. J.
Refrigeration, 22(5), 389(1999).

83, Hirata, T., K. Nagasaka and M. Ishikawa,
Crystal Ice Formation of Solution and Its
Removal Phenomena at Cooled Horizontal
Solid Surface, Part I: Ice Removal Pheno-
mena, Int, J, Heat Mass Transfer, 43, 333
(2000).

84, Sasaguchi, K., K. Kusano and H. Kitagawa,
Solid/Liquid Phase-Change Heat Transfer

L % 54-%% 58 (2007) 63



around Two IHorizontal, Vertically Spaced
Cylinders-An Experimental Study on the
Effect of Density Inversion of Water, Heat
Transfer-Japanese Research, 23(7), 645
(1994) -

85 Hirata, T. and H. Matsui, Ice Formation
and Heat Transfer with Water Flow around
Isothermally Cooled Cylinders Arranged
ina Line, J. Heat Transfer, 112, 707(1990).

86 David, H. H., DDC and Ice Thermal Storage
System-Provide Comfort and Energy Ef-
ficiency, ASHRE J., Mach, 35(1994).

87 Dorgan, C. E. and J. S. Elleson, ASHRAE's
New Design Guide for Cool Thermal Stor-
age, ASHRAE J., May, 29(1994).

&8 Ho, C. D. and J. W. Tu, The Recycle Effect
on Cool-Thermal Discharge Systems from
Ice Melting with Producing Chilled Air
under Complete Melt Removal and Speci-
fied Heat Fluxes on the Boundary, Numeri-
cal Heat Transfer, Part A: Applications,
50, 883(20006).

89. Ho, C. D., H. M. Yeh and J. W. Tu, Chilled
Air Production in Cool-Thermal Discharge
Systems from Ice Melting under Constant
Heat Flux and Melt Removal, Int, Commun.
Heat Mass Transfer, 32, 491(2005).

90 Ho, C. D. and C. K. Wang, Producing Chil-
led Air in Cool-Thermal Discharge Systems
with Air Flowing over Ice Surface by Com-
plete Removal of Melt, Renewable Energy,
27, 223(2002).

91. Ho, C. D., A Theoretical Study of the Re-
cycle Effect on Heat Transfer Efficiency
in Cool-Thermal Discharge Systems from
Ice Melting with Producing Chilled Air,
Numerical Heat Transfer, Part A: Applic-
ations, 46, 277(2004),

9 Ho, C.D.,,H. M. Yeh, J. W. Tuand Y. S.

64 LT F 54 £ % 5 H2007)

Su, Heat Transfer Enhancement in Cool-
Thermal Discharge Systems from Ice Mel-
ting with Producing Chilled Air under
Time-Velocity Variations and External Re-
cycle, Tamkang J. Sci. Eng., 8, 291(2005).

93, Ho, €. D., C. L. Chang, C. K. Wang and
Y. 5. Su, Producing Chilled Air from Ice
Melting with Air Time-Velocity Variations
in Cool-Thermal Discharge Systems, Int.
Comm. Heat Mass Transfer, 30(5), 663
(2003).

%94 Ho,C.D.,,K, L. Hwang,J. W. Tuand Y. S,
Su, The Recycle Effect on Cool-Thermal
Discharge Systems under Melt Removal
and Flow Rate Variations, Int. Commun.
Heat Mass Transfer, 33, 1130(2006).

95, Sato, M. and M. Goto, Gas Absorption in
Water with Microchannel Devices, Sep.
Sci. Technol., 39(13), 3163(2004).

96. Migita, H., K. Soga and Y. H. Mori, Gas
Absorption in a Wetted-Wire Column,
AICHE 1., 51(8), 2190(2005).

97 Reyes-Labarta, J. A, and 1. E. Grossmann,
Disjunctive Optimization Design Models
for Complex Liquid-Liquid Multistage Ex-
tractors, AIChE J., 47(10) 2243(2001).

98. Poirot, R.P. L., C. Gourdon, C. Diard, and
J. M. Autret, Fast Batch to Continuous So-
lid-Liquid Extraction From Plants in Con-
tinuous Industrial Extractor, Chem. Eng.
Technol., 30(1), 46(2007).

99 Martin-Gullen, 1., Vera, J., J. A. Conesa,
J. L. Gonzalez and C. Merino, Differences
between Carbon Nanofibers Produced
Using Fe and Ni Catalysts in a Floating
Catalyst Reactor, Carbon, 44(8), 1572
(2006).

100. Tailleur, R. G., Effect of Recycling the Un-
converted Residue on a Hydrocracking



Catalyst Operating in an Ebullated Bed
Reactor, Fuel Processing Technology, 88
(8), 779(2007).

0L Kim, Y. S. and 8. M. Yang, Absorption of
Carbon Dioxide through Hollow Fiber
Membranes Using Various Aqueous Ab-
sorbents, Sep. Purif. Technol., 21, 101
{2000).

102 Kumar, P. S., J. A. Hogendoorn, P. H. M,
Feron and G. F. Versteeg, New Absorption
Liquids for the Removal of CO2 from
Dilute Gas Streams Using Membrane Con-
tactors, Chem. Eng. Sci., 57, 1639(2002).

103 Wang, W. P, 8. T, Lin and C. D. Ho, An
Analytical Study of Laminar Co-Current
Flow Gas Absorption through a Parallel-
Plate Gas-Liguid Membrane Contactor, J.
Membr. Sci., 278, 181(2006)

104 Yeh, H M. and Y. K. Chen, Effect of Mul-
tipass Arrangement on the Performance in
a Membrane Extractor of Fixed Configur-
ation, Chem. Eng. Sci., 55(23), 5873(2000).

105, Juang, R. 8. and J. D. Chen, Mass Transfer
Modeling of Citric and Lactic Acids in a
Microporous Membrane Extractor, J. Mem-
br. Sci., 164(1-2), 67(2000).

106 Kosaraju, P. B. and K. K. Sirkar, Novel
Solvent-Resistant Hydrophilic Hollow
Fiber Membranes for Efficient Membrane
Solvent Back Extraction, J. Membr. Sci.,
288(1-2), 41(2007)

107 Wupper, A., F. Dellanna, C. A. Baldamus
and D. Woermann, Local Transport Pro-
cesses in High-Flux Hollow Fiber Dialyzers,
J. Membr. Sci. 131, 181(1997).

18 Kannamori, T. and T. Shinbo, Mass Transfer
of a Solute by Diffusion with Convection
around a Single Hollow-Fiber Membrane
for Hemodialysis, Desalination, 129 217

(2000).

109 Tu, J. W., C. D. Ho and, H. M. Yeh, The
Analytical and Experimental Studies of
the Parallel-Plate Concurrent Dialysis Sys-
tem Coupled with Ultrafiltration, J. Membr.
Sci., 281, 676(2006).

11 Peng, P., A. G. Fane, and X, Li, Desalination
by Membrane Distillation Adopting a Hy-
drophilic Membrane, Desalination, 173(1),
45(2005). .

ill. Curcio, E. and E. Drioli, Membrane Dis-
tillation and Related Operations - A Review,
Sep. Purif, Reviews, 34(1), 35(2005).

12 Gryta, M., Water Purification by Membrane
Distillation Process, Sep. .Sci. Technol.,
41(9), 1789(2006),

113. Markatos, N. C., E. Vogiatzis, M. K. Kou-
kou, and N. Papayannakos, Membrane Re-
actor Modelling: A Comparative Study to
Evaluate the Role of Combined Mass and
Heat Dispersion in Large-Scale Adiabatic
Membrane Modutes, Chem. Eng. Research
and Design, 83(10), 1171(2005).

114, Gumi, T., D. Paolucci-Jeanjean, M. P. Bel-
leville, G. M. Rios, Enzymatic Membrane
Reactor in Supercritical Carbon Dioxide,
Desalination,.200(1-3), 505(2006).

115, Chiappetta, G., G. Clarizia and E. Drioli,
Improvement of Membrane Reactor Per-
formance in Hydrogen Production, Desali-
nation, 200(1-3), 695(2006).

16, Ho, C. 3., J. L. Fuand J. W. Tu, An Analy-
tical Study of Mass Transfer Efficiency in
Double-Pass Parallel-Plate Mass Exchan-
gers under Uniform Wall Fluxes, J. Chem.
Eng. Japan, 39, 1243(2006). -

7. Ho, C. D., Y. C. Chuang and J. W, Tu, De-
vice Performance Improvement of Double-
Pass Concentric Circular Mass Exchangers

LI %5445 582007 65



Under Uniform Wall Fluxes, Chem. Eng.
Technol.; 30(4), 431{2007).

118. Cooney, D. 0., 8.5, Kimand E. J, Davis,
Analyses of Mass Transfer in Hemodial-
yzers for Laminar Blood Flow and Homo-
geneous Dialysate, Chem. Eng. Sci., 29,
1731(1974).

114 Ho, C. D., G. G. Lin and C. L. Ho, The
‘Effect of Recycle on Double-Pass Laminar
Counterflow Concentric Circular Mass Ex-
changers, J. Chem. Eng. Japan, 38(1), 12
(2003). -

10 Tu , J. W. and C. D. Ho, Mass Transfer
Modeling of Conjugated Graetz Problem
in Multi-Pass Mass Exchangers with Ex-
ternal Recycle, Tamkang J."Sci. Eng., 9,
331{2006).

24 Ho, C. D.and J. W. Tu, Mass Transfer En-

hancement of Conjugated Graetz Problems

- in Multi-Pass Parallel-Plate Mass Exchan-
gers with External Recycle, Chem. Eng.
Commun., 194(1), 69(2007).

122 Ho, C. D:; H. M. Yeh and J. W. Tu, Mass
‘Transfer Flow in a Parallel-Plate Channe!
with Permeable Barriers Inserted for

- Countercurrent Multi-Pass Operations,
Chem. Eng. Comm ., 193(2), 246(2005).

3. Enskog, D., A Generalization of Maxwell's
Second Kinetic Gas Theory, Physik. Z.,
12, 56(1911).

124. Chapman, S., Thermal Diffusion of Rare
Constituents in Gas Mixtures, Philosophical
Magazine, 7, I (1929).

125, Clusius, K. and G. Dickel, Neues Verfahren
zur Gasentmischung und Isotopentrennuug,
Naturwissenschaften, 26, 546{1938).

126 Clusius, X. and G. Dickel, The Separation-
Tube Process for Liquids, Natu-
rwissenschaften., 27, 148{1939).

66 {b.T  # 54 £F 5 H(2007)

127. Ho, C. D, and J. J. Guo, An Analytical
Study of Separation Efficiency on the En-
richment of Heavy Water in Double-Flow
Thermal-Diffusion Columns with Flow-
Rate Fraction Variations, Chem. Eng.
Comm., 192(4), 424(2005).

B8 Washall, T. A, and F. W. Molpolder, Im-
proving the Separation Efficiency of Liquid
Thermal Diffusion Columns. IEC Proc.
Dec. Dev. 1, 26 (1962).

120. Chueh, P. L. and H. M. Yeh, Thermal Dif-
fusion in a Flat-Plate Column Inclined for
improved Performance. AIChE J., 13, 37
{1967).

130. Yeh, H. M. and H. C. Ward, The Impro-
vement in Separation of Concentric Tube
Thermal Diffusion Columns, Chem. Eng.
Sci., 26, 937(1971).

1Bl. Ramser, J. H., Theory of Thermal Diffusion
under Linear Fluid Shear, Ind. Eng. Chem.,
49, 155(1957).

132 Yeh, H. M. and F. K. Ho, A Study of the
Separation Efficiency of Wired Thermal
Diffusion Columns with Tubes Rotated in
Opposite Directions, Chem. Eng. Sci., 30,
1381{1975).

13, Yeh, H. M. and C. W. Tsai, A Study of the
Separation Efficiency of Rotated Concen-
tric-Tube Thermal Diffusion Columns with
Helical Plane Inserted as a Spacer in the
Annulus, J. Chem. Eng. Japan., 14, 90
(1981).

134 Torenz, M. and A. H. Jr, Emery, The Packed
Thermal Diffusion Column, Chem. Eng.
Sci., 11, 16(1959).

135 Yeh, H. M. and T. Y. Chu, A Study of the
Separation Efficiency of Continuous-type
Packed Thermal Diffusion Columns, Chem.
Fng. Sci., 29, 1421(1974).



13 Ho, C. D. and Y, T. Chen, The Study of

Continuous Thermal-Diffusion Columns
on Modified Frazier-Scheme for the Enri-

chment of Heavy Water with Column Len-

gth Varied at a Constant Ratio, Sep. Sci. -

Technol., 38(11), 2425(2003),.

37 Ho, C. D., Y. C. Su, J. J. Guo and S. H.

Chen, Theoretical and Experimental Studies

on the Heavy Water Enrichment by Thermal

Diftusion for Improved Performance under

Technol., 39(10), 2299(2004). -

138 Ho, C. D. and 8. H. Chen, Improvement

in Performance of Thermal Diffusion Col-
umns on Heavy Water Enrichment under

- Sidestream Operations and Flow-Rate Frac-
 tion Variations, Sep. Sci. Technol., 39(14),

3373(2004).

¥ Ho, C. D., H. M. Yeh and I. J. Guo, An
- Analytical Study on the Enrichment of
' Heavy Water in the Continuous Thermal

Countercurrent-Flow Frazier Scheme and

Diffusion Column with External Refluxes,
Sep. Sci. Technol., 37(13), 3129(2002).

Flow-Rate Fraction Variations, Sep. Sci.

077373');131_}‘137&7;’13?373731313’13'}‘)7&73'}37&7

}‘ . . ;:ﬁ :;
o S BRRRARARL

(LSS AR YRR

SIS EAAGIAIEseS3adsdsdadad

190

. ﬁﬁ__ _LH_-_}_: .ﬁ:_.%
BEHAERARRNSHEH B & AR AEEH

AR EEEERTAELRRFERESEF AR
PR ER SR SRS RSp S PR YRS RSR TR IR e SRRt SR SR TR SR SR YR ER TR TR SR s Ry

a)
£

oS EaTeS Y teSp e vRipteStevpi v iasSppin te S tp S ta e bt Sp e Yo ipSn ey

L B S4EF S5 H2007) 67



