21

(sludge)

80-90



30-35%

(liquid cooling system)

NS

m:mn‘u
gz:um\m:tm

Yoamai iy 3
mipnnei
)

21 (

2.11 (radiator)

, 2538)



21.2

cap)

2.1.3

2.14

2.1.5

,  (radiator cap)

(water pump)

(fan)

(thermostat)

(self lubricated)

(pressure
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2.2.1

advning
avdor B

(cross flow heat exchanger)

(fin-tube heat exchanger)

( 2.2)

N i y
e \,’/f’;nau"nwsn
WU SN :

~ &<

10



2.2.2

2121

1995; 1996)

)

()

()

2.3

2122

11

(flat tube) 3
dimple rib (Osson den,

2.3

dimple RMGK T * fr«fien ft fi «K*

rib

(Osson Sunden, 1995; 1996)

(louver fin)

1 (Chang Wang,1997) 24

=\w VII-W V

24 (Chang Wang,1997)



2123 (core) 3

1) (louvered corrugated fin) 25()

2) (louvered corrugated fin with splitter plate)
25()

3) (louvered plate fin) 25 ()

()
(Webb, Chang Wang, 1995)

()
(Chang Wang, 1996; 1997)

(A) WULATURLIBTUNY
U

(Achaichia uaz Cowell, 1988)

9171 2.5 dnsnuznsdnnnsviauaaTuuit
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223 ( 2.6 2.7)

2.2.3.1
1) (tube length, 7))
2) (tube thickness, It)
3) (tube width, TJ
4) (tube depth, Td)
5) (tube pitch, TJ
6) rib (roughness height, €)
7 rib (roughness spacing, p )
2.2.3.2 ?
1) (fin pitch, FJ
2) (fin length, F 1)
3) (fin thickness, Ft)
4) (fin depth, Fd)
5) (louver pitch, LJ
6) 1 (louver length, L,)
7 (louver angle, LJ
o teuver pich
Tw - )
r‘A E, Louver height
; Lo Fin /Tch
- _
| * ]
T A S8 S
Z F(
€ \v/ )2\ 2F,

Louver

2.6 (Chang Wang, 1997)



14

\

{-ASmopth

Tw

(Han, 1984)

2.7

()

rib

()

rib

()
()

rib

224



2241
. .2365 (Joseph Fourier)
1T
"L
0= dx
0
k (thermal conductivity)
A
dT '
dx
2242 ?
(Newton)
Q-hA (Th-T¢)
Q
h
A

2.1

2.2)

15



2243

2.8)

of
kf
pf
cpf
Ac
Pf
Tt
Tfp
TfJ
Ta
ha

o 2 G oo

R
\\ -
\‘“-‘___
o
~e

§
i F1
| )

2.8

( , 2533)



¢

Qx=-kfAct

y dx J

dc

f dQc>

Qx+dx -Q x + 2

= - kfAC

dx
QcondrQ x-Q :x+dx
AcdTf
= k, d x
dx K dx
( Ac
rdZls ~
~kfAc dx

\ dx J
(de\]* A 4<H>
7 d x

(2.3)

(2.4)

(2.5)

(2.6)

(2.7

X)

17



18

fie
Qconv=K pidx(Tf -T 1) (2.9)
eK
N
Qa=Acdxpf cpld (210)
vdt]
g 1 dX
rdate A (dTA
MC dx-hapfdx (rf - Ta)+ Acdx P f cpJd (2.11)
vdty
7130 TH
ra ' (2.8)
d - Tf -T a (2.11) 1
dz pk dpp+Kpf 212
dx2 Jfl ato Mc
-7-=0
dt
dz
ma 2.13
S (2.13)

K P f



e=cemac-nx

G ¢2

1) X=0,0 =e0=T0- Ta

0
2) dX x=\ °
(2.14)
aM
070, em + e
oro=~kiac
0
(2.15)
Qf 0=mkf AdOtanh(/ny)
Rugh (1992)
(2.18)

(2.16)

(2.19)1

19

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)



20

2244

Holman White (1992)

100 %
100 % (Q1Jcel,)
Q fideal ~ P f 00 (2.20)
(QF real) (2.17)
mkf ACQOtanh(mD
11 pfihai0 (221)
- tan;](lm = (2.22)
2245
kel
h
h0 :
4 Tvall
Apr A
Ag Tf m



« ] !

« 7
T m
Tt
To
\
Twdll, 10
Q
a- hiaj¢ - Tvdi (2.23)
T Ayl — Twano A
2 kwalnwal (2.24)
V i y
a- hOApr(TvaliD- TO)+ haAsdTf m- TO) (2.25)
7}' m T;
n ——p e S 226
. wallo r; ( )
¢ = hOApr[Twalo~ 1)+ K-AjcHf(» wallo~ TO) (2.27)

hof?wallo ~ T 0irApr + Vi AJg (2.28)



(2.23), (2.24), (2.28)  (2.29)

Q=~i v

hA K alva  hORp +T]AC)

Q= ,.4(T,-T0)

A |

I+-
h- k-wall

KA +

Roetzel (1947)

(true mean overall heat transfer coefficient, m)

of flow path)

(corrected reference temperature)

2 ThiJ 7
)

(flow arrangement)

Thi, Tc, (

(2.29)

(2.30)

(2.31)

(2.32)

22

(length



1t 1 1
Aqn )

1 1
[ Il
Ul A1 AT< A’
ALIA k KalA wan hO1[A pr + J-J[A3C)
A P A
kwallA wil  h 1111 (A pr + /1//\,1)
2248B
(mean temperature difference, ATm) (Rohsenow

AT =FAT,

ATIm

flow heat exchanger)

23

(2.33)
A
(2.34)
(2.35)
Hartnett, 1973)
(2.36)

(single-pass countercurrent



Bowman, Mueller Nagle (1940)

(log-mean temperature difference correction factor, F )

;- (2.37)
ro
00 co / INa+v/ ., 1 f v
[ (i) } (2.39)
3
P-q (2.39)
Lodzi
y-p.
_ Th.l B Th.2 (2.40)
Th.l Ll Tc.l
T,-T
g = 2= (2.41)
Th.l i Tc,l

(log-mean temperature difference, ATIm)

(Rohsenow Hartnett, 1973)

Aln~r0x( - ] (2.42)

2.2.43

Q =UaAATm (2.43)

24



Oh d- Tw2)

Qa=mal 7;12- 7J

gilga

mwml

cpw,cpam

TWATw2

Tay, Ta2
2.25

Roetzel (1973)

(length of flow path)

arrangement)

(corrected  reference  temperature)

AP,

25

(2.44)
(2.45)
(flow
Roetzel
Thi, TQ 2 Tth,T].:n.
)
2 AP,



AP: =-

APt1,APu

(2.46) APt] 1AP, J,

AP,

Affw
Pwj+P*/[ '0
W, wi
fil fl!

APU+AP,!
B

Roetzel (1973)

(APJ)

(2.49)  (2.50)

PwJUwJ # A.
* % *
| + .

Pwlluwjl

fill +*0, +

W Twu
™ Twl

TwM

(2.46)

(2.47)

(2.48)

(2.49)

(2.50)



KcKel

APOLLAPalL

AP,

Aa

Aff o

PaJ-Pall -
al, all

forf QU

Kc0,Keg

2.2.6

() ()

(2.47)
(2.51) (2.52)
PaA T (2.51)
y
Pa,\lUa 1 + K, (2.52)
Ta Tak
Tg  Tal
al 11
)
()
()
Rugh (1992)
( )

29

27



2.9

226.1

Al

A

Nm

28

3
'3 { /2
Y I TS P ) T
i ] ) $
oo 4
H ¥
Ft it Bt
& 000 Dl € T
S‘r.
ZFp Ak

(Rugh , 1992)
(air-side heat transfer area, AQ)
Aa=Apr+AL (2.53)
4 =4«N\- +2tffte -2 T,)+(T.- 2T (2.54)
4= 02 Fp-2F )FL+4(Tw-2T )Fp (2.55 )
(2.55 )

4= (2Fr -2F)F3+2T Fr

(2.56 )

V,=3r ( ,-1

(2.56 )

Nm=y (N ,-\)



Asc

Ac

226.2

2.26.3

1-f +F"\
(7+ +Fl)
(r.+2 F,+s
( )
Ac =Ac X
( )
4 =4(7)-77)F,
4 = A7- -T-jF,

(water-side heat transfer area, AW)

A = 4jAT[(r, -22))*(r, -27;)]

(wall heat transfer area, AA]])

,=2N ,Tfa+T.)

29

(2.57 )

.57 )

(2.58)

(2.59 )

(2.59 )

(2.60)

(2.61)



2264

2265

Kffa

2.2.6.6

2.2.7

2271

1)

Bhatti

30
(water-side minimum free flow area, AffW)

Al = (T,-2T\T1- (2.63)

(air-side minimum free flow area, Affa )

A - Afax + (2.64)

A= (F,-Fi2Fr-2F) (2.65)
(air-side frontal area, Afra)

Afra = Wx H (2.66)

(Reynolds number) 4x 103< Re, < 107

[; =0.00128+ 0.1143Re:031 (2.67)



fi
Re,
Re, = (p;lﬂ] (2.68)
£1
1
(!
u, =| — (2.69)
4,
\f

Bhatti (1987) 1

(laminar equivalent diameter,/),)

+5%

Jones
(1976)
w19

Dh (hydraulic diameter)

0 J(Tw-2tX t,-2T),)
" (T.-zr,) +(T,-z1,)

(2.71)



32
Gnielinski  (1976)

2.3xI03<Re, <5x105
(Prandtl number) 0.5< Pr; < 2x 103

N oou(])
- 2

2.72
\ (2.72)

h
1azn 4

pr = (2.73)

Bhatti (1987)

+ 9%



2) rib

Han (1984)

rib ( 2.7 ()

£ (T -2T,)F +(Tt-2T,)fr

(T,-2T )+ (TA2T,) &
el
fi rib
f3 4
( 23 () (2.67)
fr b 4
( 23 () Han (1984)
f = . e ~ (279
) T _z_e_ T T Td e 7;
[R(e ) 2.51:{DJ 252500\ o 22T)+(, —2T,)ﬂ
T

€+ roughness Reynolds number

. 5 f \50,5
e = ( 5 ]RCD,, {TJ (2.76)
h =

R.{e+) friction roughness function



34

Webb, Eckert Goldstein (1971) i?(et)
rib
0.53
p(e+) =0.95P 2.77)

e+>30, 0.01<D"]l<0.04 10 g 40

G(G{,Pr)

Han (1984)
rib
hs
(
A
(

h fte-20> +(Tj-ITfa
1 (rw-27))+(rrf-2rf) @.78)
23()) 2.72)
rib
27 () Han (1984)
[J)fA
h - (2.79)

6 (et Pi;)-4%)

heat transfer roughness function



Webb, Eckert Goldstein (1971) G(e+, Pr)

rib

Glet+,pry)= a5(e+' BPifsy

g+>30 ,001< z3,<0.04, 10<eA <40 0.71<Pr <37.6

D1

2272

Chang, Hsu, Lin, Wang (2000)
(generalized friction correlation)

Davenport (1983), Tanaka

Achaichia Cowell (1988), Webb (1988), Sunden Svantesson (1992), Webb

Jung (1992), Rugh (1992) Chang Wang (1996)

Re, <150 /1/2/3

-0.805- f (F Y\~3-04
/ 1= 1439Ref In 1.0+ "
v o Vel
-1.435
rEAOM (n
/2= 1In +0.9 [ (0.SRe,,)/1
\LPJ
f p \~-0.308 - ~ ~"-0.308 ( 01167 A
’ 035
/3
AJ \LtJ

X'T.00C'A 6°\(o

(2.80)

(1984),

(2.81)

(2.82)

35



36

150<Re, <5x103 f1f2f3

-0.527
0.5

0.6049—1'0
A =49TREE A o] I v

Vel ]
) +-0.79317)
Y _ . N-2.966 \ e
/2= |n(0.3Re| ) p - (1or-T] (2.83)
VVAy vLid
17, \ -0.0446 y, va 9953
[3. In 12+ 0477
oty
Re'p
PoUgL
Relp gpg P (2.84)
pa
3
La
Dh (Rugh , 1992)
(2.85)
3 (25 6 (24
100 < ReL <5x103 83.14

+ 15%



37
Chang Wang (1997)

(generalized heat transfer correlation)
) 1° Davenport (1983), Tanaka
(1984), Achaichia Cowell (1988), Webb (1988), Sunden Svantesson (1992), Webb

Jung (1992), Rugh (1992) Chang Wang (1996)

o27h 7 088 -0.14r FA 020f -o.osf " \-0.23( t -0 pUCp

h - Re-0.49
2/3
1O e \Lpd I, ) \LPj \LPj \LPj Ja
(2.86)
3 ( 2.5) 6 ( 2.4)
[ 100<Re” <3x103 89.3
+ 15%
2.2.8
2281
Farrell, Wert Webb (1991)
(contraction loss coefficient) ,
(expansion loss coefficient)
Rel<2,000  Re” >2,000
(2.87) (2.88)
KeJ+KtJ= (2.87)

KG+K'j=1A (2.88)



K]

Kel

2.2.82

Kays London (1940)

(2.5)
(289)  (2.90)
rA V
K =0.408-0.4091 *"° (2.89)
J
f Aff
Ke0=0.973-1.916 +0.944 y (2.90)
J Al

K60

K10



2.2.9

2291
?
Davenport (1983)
25() 95
Davenport (1983)
+6% 95
+10%
Sahnoun Webb (1992) (analytical model)
(heat transfer and friction
characteristics)
Dillen Webb (1994)
(semi-analytical heat transfer and friction correlation)
25 () ()
(theoretical relationships) Sahnoun
Webb (1992) 82
Dillen Webb (1994) 81

+10%
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2.29.2 ?

Nikuradse (1950) “law of the wall” “friction similarity law”

fully developed turbulent flow

Dipprey Sabersky (1963) “heat transfer similarity law”

fully developed turbulent flow

Webb (1971)
repeated-rib “friction
similarity law” Nikuradse (1950) “heat transfer similarity law” Dipprey
Sabersky (1963)
Gnielinski (1976)
Han (1984)
2 repeated-rib

repeated-rib Webb (1971)



Webb (1995)

25 () Dillen

Webb (1994) Davenport (1983) Chang Wang (1996)

95 Webb
(1995) a1
t 20%
Chang Wang (1997)
(generalized heat transfer correlation)
25()() ()
Davenport (1983), Tanaka (1984), Achaichia Cowell (1988), Webb (1988),
Sunden Svantesson (1992), Webb Jung (1992), Rugh (1992) Chang
Wang (1996)
89.3
+ 15%
Chang (2000) (generalized
friction correlation)
25(0) () () Davenport
(1983), Tanaka (1984), Achaichia Cowell (1988), Webb (1988), Sunden
Svantesson (1992), Webb Jung (1992), Rugh (1992) Chang Wang

(1996) a1

83.14

+ 15%



2293

Chang, Wang, Shyu,

volume goodness factor

42

Robert (1995)

flow area goodness factor,

performance evaluation criteria Cowell (1990)

Olsson Sunden (1996)
500-6,000 thermal performance hydraulic performance
rib dimple flow area goodness factor
volume goodness factor rib thermal performance hydraulic
performance dimple
2294
?
Rugh (1992)
25 () - (Colbum-j factor)
(plain unlouvered fin)
- (offset-strip fin)
- 25% 10%

- 25%

15%
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2.3 Y
1 1
Optimization of chemical processes (Edgar Himmelblau,1988)
(2542)

(mixed integer (discrete) nonlinear programming) Engineering
optimization: Theory and Practice (Singiresu,1996) introduction to Nonlinear
Optimization: A Problem Solving Approach. (David Chattergy,1978)

(2542)

231

Edgar Himmelblau (1988)

2311 e (objective function)

23.1.2 (decision variable)



2.3.1.3 (constraint)

(feasible region)

1) (equality constraint) =

50

2) (inequality constraint) * < >1<

(upper limit)

232

o o F{X)

(2.91)

h(X): 0 g(x)< 0



(Rao0,1979)

2321

2322

2323

2324

2.3.25

? (one-vanable ontimizationl

? (multi-variable optimization®)

(unconstrained optimization)

(constrained optimization)

(linear programming)

45



2.3.2.6 (nonlinear programming)

2.3.2.7 ? (integer programming

2.3.2.8 (mixed integer programming)
2.3.2.9 (stochastic programming)

(probabilistic programming)

46



233

2331

2332

? (direct method)

(indirect method)

21

47



Unconstrained

Region eliminating
technique

Polynomial fitting
technique

Gradient technique

Fbonacci search
Golden section method

Quadratic interpolation
method

Cubic interpolation
method

Newton's method

Quasi-Newton method

Secant method

2.1

Kiefer (1953)
Wilde (1964)
Beighter (1967)
Coggins (1964)

Coggins (1994)
Issac Newton (1660)
& Joseph Raphson

(1690)

Newton (1665)

*

*

*

Quasi-Newton method

Gradient techniques

Gradient techniques

Newton's method

Newton's method

00



multivariable

Direct method

Indirect method

Random search

Grid search

Simplex method

Newton's method

Marquardt method

Dixon & James
(1980)

Box & Hunter (1962)

Spendley, Hext &
Himsworth (1962)
Issac Newton (1660),
Joseph Raphson
(1690) & Simpson
(1740)

Marquardt (1963) &

Levenberg (1964)

matrix

Hessian

Hessian matrix

Hessian matrix

(



Quasi-Newton method

' Broyden
* DFP

*BFS

Conjugate gradient
method
*HS

*PR

*FR

Broyden (1967) 3
Davidon (1959), * !
Fletcher (1963) & * superlinear

Powell (1963)
Broyden, Flecher,
Goldfarb & Shanno

(1970)

Flestened & stiefel
(1952)
Polak & Ribier (1969) *

iteration
Fletcher & Reeves

(1964) *



Constrained

Linear programming

(LP)

Nonlinear

programming (NLP)

Direct search method

Gradient approache

Simplex method

Box's complex method

Lagrange multiplier
method

Penalty function and
Augmented Lagrangian
method

Generalized reduce

gradient method (GRG)

2.1

George Dantzig

(1947)

Box (1965)

Conrant (-) & Carrol

(1961)

Wolfe (1963), Abadie

& Carpentier (1969)

NLP

(sensitivity)

*

(linearlized)

slack

surplus



2.1 ()

Successive linear Griffith & Stewart *
programming (SLP) (1961)
Successive quadratic Wilson (1963) *
programming (SQP) NLP
Mixed integer nonlinear
programming (MINLP)
Cutting plan method Cutting plan Gomory (1960)
Generalized penalty Generalized penalty Gellatly & Marcal
function method function (1967), Gisvold &

Moe (1972), Shin

(1990)
Branch and bound Branch and Bound (BB) Land & Doig (1960),  *
method Dakin (1965) *

MINLP INLP



234 ?

programming)

Branch-and-Bound

Branch-and-Bound

(continuous problem)

X, (2.92)
X, (2.93)
X, <[X,]
X, >[*1]+!
e
[x, ]
branching
node node

node

53
(mixed integer (discrete) nonlinear

Land Doig (1960)

(2.92)

(2.93)

branching

branching



branching node fathomed node

fathomed node fathomed node

1)

2)
3)

2.35 ,

(steady state)

2351

4 (ierapetritou, Acevedo

Pistikopoulos,1996)

1) (model-inherent uncertainty)

(pilot plant)

(range of possible

realization)

2) (process-inherent uncertainty)



3) (external uncertainty)

(forecasting technique)

4) (discrete uncertainty)

(random discrete events)

2.35.2 2 (two stage programming)

min C(0, 2 x .a) (2.94)

d,a,x

hi{d,z,x,6) =0

g(d,z,x,e)< 0

x€x lzeZ, debD

c(d,z,x,d)
h(d,z,x,d)

g(d,z,x,a)



(2.94)

h(d.z,x,d)= O=>x = x(d.z.,d) (2.95)
(2.95)
g(d, Z,x{d,z,9))= f(d,z,d)<O0 (2.96)
minc(d,z,d) (2.97)
f(d,z,e)< O

zeZ ldaop

(2.97) q
c / (2.97)

Halemane Grossmann (1983)

2 (two stage programming)



(design stage)

0

min e ~¢(d,o )} (2.98)

c(d,6)
(operating stage) d
Z

minc(if,z,0) (2.99)

f(d,z,e)< 0
(2.98) (2.99)
mmE min C(d,Z,d)If(d,Z,S)< 0 (2.100)
(2.100)

(2.100)



58
(expectation) (mean) (2.100)

EA(d,d)= $c(dd)j(e)dd o)

o(d,0)= min A(d2.0) £(d 2,6)< o

J(e) 6
(o) ¢(d,o)
Z 2
2
Grossmann Sargent (1978)
2
2353 ? (deterministic
approach)
(scenario) Grossmann Sargent (1978)
(2.101) (infinite optimization)
(finite weighted sum) (Gaussian and

Radau integration formulation)

E tf(d ,d))=fjopc(d.,dp} P =\2,X..,p (2.102)

p=\

<yp oP . P Ycx" =1

<JP



(2.102) (2.100)

6 p P

min X ° Zp,0D) (2.103)

f(d,zp,9p)<o p =\X-,P

zZpm 6P\p-\X-,P
cr7 o" y <7p =1

o" g1 <0 <6 U

1) 9L <8P<9U
2) (scenario) ' (best) (normal)
(worst) 9P

3) (7P

4) d zp

(2.104)

mlny apc(d,zp,9P) (2104)

d'z p=\

f(d,zp,ep)<01Top=1 17=1,2 ..... p

)



2.10

210

nMuusmy iuivey 6

v

AMvuaTaLIIATEIAN lHwiLeY
0t <6? <0v

+

v

- - 4 . i
afnnmanunsailng Avige uazuehige

82(p=123)

i

v
NVUALNNADANMINYBIUAKZANIUNIOL

o’(p=123)

I

peUA ludWanduAnIAnTe

v
AR89 3 G0N0

'

AN ANULILTIVNNZ AN

d,C

60



2354

1970
Takamatsu, hashimoto Shioya (1973)
(bound variable) Nishida, Ichickawa Tazaki (1974) (minimax)
Takamatsu (1937)
(worst)
(feasible region)
2
Halemane
Grossmann (1983) 2

(two-stage optimization)

2 Grossman Sargent (1978)
2 (scenario)
3
(best)

(normal) (worst)



Grossman Sargent (1978)

(Floudas Grossmann,1987)
(retrofit design) (Pistikopoulous Grossmann, 1988,1989)
(distillation sequence) (Wagler Douglas, 1988; Douglas, Mallick
1991) Grossman Sargent (1978)

(multiperiod optimization)

2.4

(GAMS)

Branch-and-Bound

Wagler,

62
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