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อ ุณ ห ภ ูม ิอ ้า ง อ ิง แ ล ะ ค ุณ ส ม บ ต ิข อ ง ข อ ง ไ ห ล

ก.1 การคำนวณอุณหภูมิอ้างอิงของนํ้าและอากาศ (Roetzel, 1973)

อุณหภูมิอ้างอิงของน้ํา คำนวณได้จาก

T „ J  =(T. . , - T y i"(Tw2- T f  

T.J, =(TWJ- T ' f ^ T . j - T ' r '  +T

อุณหภูมิอ้างอิงของอากาศ คำนวณได้จาก

T.J, = {T „.,-T Y ,” (Ta 2 -  T f " + T

โดยท่ี

T คือ อุณหภูมิใดๆ

Tw 11 Tw2คือ อุณหภูมิขาเข้าและขาออกของน้ํา ตามลำดับ 

Ta1, Ta 2 คือ อุณหภูมิขาเข้าและขาออกของอากาศ ตามลำดับ

(ก.1)

(ก.2)

(ก-3) 

(ก.4)
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1) ค ุณสมบ้ต ิทางกายภาพและค ุณสมบติทางความร้อนของน ํ้า (Yaws, 1999) 

สำหรับอุณหภูมิระหว่าง 273-615 เคลวิน

- ความหนาแน่น ( p w 1 กก. / ลบ.ม.) คำนวณได้จาก

/  Y  \0.28571

P  11, = 347. J X 0 .2 7 4  ^  64713)

-ความหน ืด ( p u1, ปาลคาล.:วินาที)คำนวณได้จาก

[ -1 0 .2 1 5 8 + 1' 7925' 1 0  + 1 .7 7 3 * 1 0 -2 T w ~ 1 .2 6 3 1 ^ 1 0 -5 T Ï  I
/ i  11= 10~3 X 10  7“

- ความ1จุความร้อน ( c p 11, 1 กิโลจูล / (กิโลกรัม.เคลวิน)) คำนวณได้จาก

C = ~ ( 9 2 . 0 5 3  -  3 .9 9 5 3  X 10~2 7วั -  2.710 3  X 10~4 7วิ2 + 5 .3 4 6 9  X JO -  
18

- ค่าการ'นำความร้อน { k t1.1 กิโลวัตต์ / (เมตร.เคลวิน)) คำนวณได้จาก

k w = - 2 . 7 5 8 X 10~4 + 4 .6 1 2 X  10~6 TK -  5 .5 3 9 1  X  10~9 T 7

(ก-ร)

(ก.6)

(ก.ร)



2) คุณสมบัติทางกายภาพและคุณสมใช้ติทางความร้อนของอากาศ (Geankoplis, 1995)
126

ลำหรับอุณหภูมิระหว่าง 283.2 - 666.5 เคลวิน

- ความหนาแน่น ( P01 กก. / ลบ.ม.) คำนวณได้จาก

pa ะ= 5.722447X 10~8 T3 - 4.532673X 10 5 T2 + 7.847886X  พ 3 Ta + 1.359029

(ก.9)

- ความหนืด (p 0 , ปาลคาล.วินาที) คำนวณได้จากลมการ

p a = - 2 . 3 9 8 6 2 7 x 1 0  1 2 T a3 + 2 .3 2 6 9 2 5  x lO ~ 9 T 2 -  7 .0 3 8 6 0 9 X 10  7 Ta + 8 .4 9 8 9 4 9 X 1 0 '5

(ก.10)

- ความจุความร้อน (c 1 กิโลจูล / (กิโลกรัม.เคลวิน)) คำนวณได้จาก

c p a = - 6 . 7 7 2 3 9 8 X  10~S T 3 + 6 .5 9 7 0 9 X 10~5 โ I  -  2 .1 2 5 3 1 6 X  10~2 T a + 3 .2 7 0 9 1 4

(ก.11)

- ค่าการน่าความร้อน {ka, กิโลวัตต์ / (เมตร.เคลวิน)) คำนวณได้จาก

k a = - 5 .4 6 9 9 9 4  X 10~I2T 3 + 5 .2 5 4 4 7 8  X  10~9 T 2 - 1 .5 9  7 8 5 1 X  10~6 T a + 1 .8 0 2 5 2  X  10~4

(ก.12)



ภาคผนวก ข
โปรแกรมคำนวณคุณลักษณะของหม้อน้ี'ไรถอนต์

ในส่วนน้ีจะแสดงโปรแกรมคำนวณคุณลักษณะของหม้อน้ํารถยนต์ซ่ึงได้พัฒนาข้ึนโดยH  

โปรแกรมแม้ทแลบ เพ่ือทดสอบความถูกต้องของสมการท่ีใช้ในการคำนวณอัตราการถ่ายเทความร้อน 

ของนํ้าและความด้นลดของอากาศ และเพ่ือสร้างสมการท่ีใช้ในการคำนวณความด้นลดภายในลังน้ีา

สำหรับการทดสอบความถูกต้องของสมการท่ีใช้ในการคำนวณอัตราการถ่ายเทความร้อน 

ของน้ําและความด้นลดของอากาศนี้'นจะเปรียบเทียบค่าที่ไต้จากการคำนวณลับผลการทดสอบ 

ประสิทธิภาพหม้อนี้ารถยนต์และสำหรับการสร้างสมการคำนวณความด้นลดภายในลังนี้านี้นจะใช้ 

โปรแกรมคำนวณคุณลักษณะหม้อนี้ารถยนต์ท่ีไต้พัฒนาข้ึนนี้ในการคำนวณลัมประสิทธิ้การสูญเสีย 

พลังงามนาายในลังน้ําท่ีไต้จากการทดลอง จากน้ีนจะใช้โปรแกรมเอลพีเอสเอสในการวิเคราะห์ 

ความถดถอยเชิงเลันเซิงพหุ (multiple linear regression) เพื่อสร้างสมการคำนวณลัมประสิทธิ้ 

การสูญเสียพลังงา‘นภายในลังน้ีาต่อไป (แสดงรายละเอียดในภาคผนวก ค)

โปรแกรมคำนวณคุณลักษณะของหม้อนํ้ารถยนต์จะประกอบด้วย 4 ไฟล์ได้แก่ 

า ) ไฟล์Test.m เป็นโปรแกรมหลักท่ีใช้คำนวณคุณลักษณะของหม้อน้ีารถยนต์

2) ไฟล์FunFl.m เป็นโปรแกรมรองท่ีใช้คำนวณความแตกต่างของอุณหภูมิเฉล่ียของของไหล

3) ไฟล์frictwl.m เป็นโปรแกรมรองท่ีใช้ในการคำนวณแฟกเตอร์ความเสียดทานของน้ีาท่ี 

อ ุณ ห ภ ูม ิอ้างอิง T WJ

4) ไฟล์frictwll.m เป็นโปรแกรมรองท่ีใช้ในการคำนวณแฟกเตอรีความเสียดทานของน้ีาท่ี 

อ ุณ ห ภ ูม ิอ้างอิง TWJJ



1) ไฟล์ Test.m
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g l o b a l  ReDhwI R eD hwI I  Td Tw T w l  Tw2 T a l  Ta2  
a a = l  ; 
m = l  ;
ท=1; 
ram=l ; 
m n= l  ; 
nunm=l ;

i .
L p = 3 0 0 e - 3 ;

i f  i < = 2 9 I i = = 3 7 I i = = 3 8 I i = = 4 5 I i = = 4 6
S s = 9  /

e l s e i f ( i > = 3 0 & i < = 3 4 ) I ( i > = 3 9 & i < = 4 4) 
s s = 1 2 ;

e l s e i f  i = = 3 5 | i = = 3 6  
ธร=16;

end
f o r  j = 4 : s s  
i f  i  <=6

% m o d e l  A

T w = l . 5 * l e - 3 ;
T d = 1 4 . 5 * l e - 3 ;
D = 1 6 * l e - 3 ;

ท : » :  2 * ! - 3 ,
F h = 1 7 . 5 2 3 e - 3 ;
F t = 0 .04 5 e - 3 ;

L p = l * l e - 3 ;
L l = 7 . 2 * l e - 3 ;
L a = 2 2 ;
T t = 0 . l l e - 3 ;  
s t = 0 . 000 02 54 ;

e l s e i f  i > = 7  & i < 1 6

% m o d e l  B

% m o d e l  E

e l s e i f  i = = 4 5 | i = = 4 6

T w = l . 6 * l e - 3 ;
T d = 2 2 * l e - 3 ;



D = 2 4 * l e - 3 ;
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E k ’i
L l = 6 * l e - 3 ;
L a = 2 7 ;

T t = 0 . 2 6 5 e - 3 ;  
st=0. 0 0 0 0 2 5 4 ;

end%( i )

pEsneia;
L a = 2 2 .5  ; 
D p = 2 8 e - 3 ;  
wt=685. 4 e - 3 ; 
D l = 3 4 e - 3 ; 
z l = 2 8 e - 3 ;
ว 2 = 4 4 e - 3 ;  
z 2 = 1 3 e - 3 ; 
d = 2 5 . 4 e - 3 ;  
L = 3 5 1 e - 3 ;

if j==l
ua= 6 ;  

e l s e i f  j = = 2

oCMII>
QQ=24 600 ; PPa=0 ; PPw=0 ;

ua= 6 ;  
e l s e i f  j = =3

Vw=40; QQ=30000; P P a = l l .2  ; PPw=0 ;

u a = 6 ;  
e l s e i f  j = =4

Vw= 6 0 ; QQ=32800; PPa=0 ; PPw=0;

ua=8 ; 
e l s e i f  j = =5

Vw=2 0 ; QQ=25200 ; PPa=0 ; PPw=14 ;

ua=8 ; 
e l s e i f  j = = 6

Vw=40; QQ=32400 ; PPa= 15 . 4 ; PPw=4 8 ;

ua=8 ; 
e l s e i f  j = =7

II ๐ QQ=35200; PPa=0 ; PPw=113 ;

u a = 1 0 ; 

e l s e i f  j = = 8
Vw=20; QQ=26500; PPa=0 ; PPw=0 ;

u a= 10 ;  
e l s e i f  j = =9

๐11>

QQ=34 000 ; PPa=21 ; PPw=0 ;

u a = 1 0 ; 1 n o QQ=37400; PPa=0 ; PPw=0 ;

end

e l s e i f  i = = 4 6

H = 3 5 0 e - 3 ;
พ= 6 9 5 e - 3 ;
F p = 3 . 5 * 0 . 5 * l e - 3 ; 
L a = 2 7 ;
D p = 3 2 e - 3 ; 
w t = 7 2 1 . 8 e - 3 ; 
D l = 4 4 e - 3 ;



D 2= 44e-3
z l = 3 2 e - 3
z 2 = 3 0 e - 3
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i f  j = = l
u a = 6 ;

e l s e i f  j = = 2
Vw=20; QQ=31500; PPa=0; PPwr=0;

u a = 6 ;
e l s e i f  j = = 3

1 II o QQ=37300; P P a = 1 6 . 3 ; PPw=0;

u a = 6 ;
e l s e i f  j = = 4

Vw=60; QQ=41500 ; PPa=0; PPw=0;

ua=8 ;
e l s e i f  j = = 5

Vw=20; QQ=33000; PPa=0; PPw=10;

ua=8 ;
e l s e i f  j = = 6

Vw=4 0 ; QQ=39838; PPa=23. 6 ; PPw=30.7  ;

ua=8 ;
e l s e i f  j = = 7

Vw=60; QQ=45000; PPa=0; PPw=64.5  ;

u a = 1 0 ; 
e l s e i f  j = = 8

Vw=20; QQ=35000; PPa=0; PPw=0;

u a = 1 0 ; 
e l s e i f  j = = 9

o\\ QQ=42000; PPa= 31 . 5 ; PPw=0;

u a = 1 0 ;
end

๐VDนิ QQ=49000; PPa=0; PPw=0;

end

T1=H;
e =0 ;

%%%Thermal c o n d u c t i v i t y  o f  f i n  and  t u b e

i f  i < = 2 6  
k f = 0 .3 4  ; 
k w a l l = 0 . 1 0 4 ;

k f - 0 . 24 ; 
k w a l l = 0 .18 6;  
end

%%%Hydrau l i c  and  E q u i v a l e n t  d i a m e t e r

D h a = 4 * ( 2 * F p - 2 * F t ) * ( F l - F t ) / ( 4 * ( F l - F t ) + 2 * ( 2 * F p - 2 * F t ) ) ;
Dhw=( 2 * ( T w - 2 * T t ) * ( T d - 2 * T t ) ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;
D lw= ( 2 / 3 + 1 1 * ( T w - 2 * T t ) * ( 2 - ( T w - 2 * T t ) / ( T d - 2 * T t ) ) / ( 2 4 * ( T d - 2 * T t ) ) ) *Dhw;

T p = F l+ T w ;
N t = r o u n d ( ( W + F l ) / ( T w + F l ) ) ;
พ= N t * ( T w + F l ) - F I ;
N m = H * ( N t - 1 ) / (2 * F p ) ;
A p r = ( ( 2 * F p - 2 * F t ) * F d + 4 * ( T w - 2 * T t ) * F p ) * N m + 2 * T l * ( ( T d - 2 * T t ) + ( T w - 2 * T t ) ) ;  
A s c = 4 * ( F l - F t ) * F d * N m ;

A f  r a = พ * H;

A w = 2 * N t * T l * ( ( T d - 2 * T t ) + ( T w - 2 * T t ) ) ;  
A f f w = ( T w - 2 * T t ) * ( T d - 2 * T t ) * N t ;



A f r w = พ * D;
A w a l l = 2 * N t * N p a s s * T l * ( ( T d - 2 + T t ) + ( T w - 2 * T t ) ) ;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

Q = 0 . 9 5 * Q Q * 4 . 1 8 4 / 3 6 0 0 ;
P P a = P P a * 1 0 1 3 2 5 / ( 1 0 3 3 0 ) ;
PPw=PPw*10 13 25 /760 ;
Vw=vพ / ( 6 e 4 ) ;  
u f r a = u a ;

T w l =  9 0 . 5 5 + 2 7 3 ;
T a l =  3 1 . 7 5 + 2 7 3 ;

Tw2= 6 7 . 9 8 + 2 7 3 ;
Ta2= 5 1 . 2 0 + 2 7 3 ;  
k = l ;
N =1 00 0;

w h i l e  k<N

T a a = ( T a l + T a 2 ) / 2 ;
Tww=(T w l+ T w 2 ) / 2  ;

den a=  5 . 7 2 2 4 4 7 e - 0 0 8 * T a a A3 - 4 . 5 3 2 6 7 3 e - 0 0 5 * T a a A2 + 7 . 8 4 7 8 8 6 e -  
0 0 3 * T a a + 1 . 3 5 9 0 2 9 e + 0 0 0 ;

cp a=  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a a A3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a a A2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a a + 3 . 2 7 0 9 1 4 e + 0 0 0 ;

v i s a =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a a A3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a a A2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a a + 8 . 4 9 8 9 4 9 e - 005 ;

ka=  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a a A3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a a A2 - l . 5 9 7 8 5 1 e -  
0 0 6 * T a a + l . 8 0 2 5 2 0 e - 0 0 4 ;

P r a = c p a * v i s a / k a ;

d e n w = ( 0 . 3 4 7 1 * 0 . 2 7 4 A ( - ( 1 - T w w / 6 4 7 . 1 3 ) A0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w w - 2 . 1 1 0 3 e - 4 * T w w A2 + 5 . 3 4 6 9 e -7 * T w w A3 ) / 1 8 ;  
v i s w = 1 0 A ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w w ) + 1 . 7 7 3 e - 2 * T w w - 1 . 2 6 3 1 e - 5 * T w w A2 ) * l e -  

3;
k w = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w w - 5 . 5 3 9 1 e -6 * T w w A2 ) * l e - 3 ;
P r w = c p w * v i s w / k w ;

T a a 2 = T a l + Q / ( d e n a * u f r a * A f r a * c p a ) ;
T w w 2 = T w l - Q / ( d e n w * V w * c p w ) ;

i f  a b s ( T a a 2 - T a 2 ) < l e - 5 &  a b s ( T w w 2 -T w 2 ) < l e - 5  
k=N+3; 

e l s e
k = k + l ;
T a 2 = T a a 2 ;
Tw2=Tww2;

end
end

r = f s o l v e ( ’ F u n F l ’ , 0 . 4 ) ;  
p = ( T w l - T w 2 ) / ( T w l - T a l ) ;  
q = ( T a 2 - T a l ) / ( T w l - T a l ) ; 
M T D = r * ( T w l - T a l ) ;
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% I n l e t  c o n d i t i o n

T a a = T a l ;
T w w= Twl ;

d e n a l =  5 .7 2 2 4  4 7 e - 0 0 8 * T a a " 3 - 4 .5 32  6 7 3 e - 0 0 5 * T a a " 2 + 7 .847  8 8 6e -  
0 0 3 * T a a + 1 . 3 5 9 0 2 9 e + 0 0 0 ;

c p a l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a a " 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a a " 2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a a + 3 . 2 7 0 91 4e + 0 00 ;

v i  s a 1 = - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a a " 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a a " 2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a a + 8 . 4 9 8 9 4 9 e - 005 ;

k a l =  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a a " 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a a " 2 - l . 5 9 7 8 5 1 e -  
0 0 6 * T a a + l . 8 0 2 5 2 0 e - 0 0 4 ;

P r a l = c p a l * v i s a l / k a l ;

d e n w l = ( 0 . 3 4 7 1 * 0 . 2 7 4 " ( - ( l - T w w / 6 4 7 . 1 3 ) " 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w l = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w w - 2 . 1 10 3e -4 *T w w  2 + 5 . 3 4 6 9 e - 7 * T w w " 3 ) / 1 8  ; 
v i s w l = 1 0 " ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w w ) + 1 . 7 7 3 e - 2 * T w w - 1 . 2 6 3 1 e - 5 * T w w " 2 ) * l e -  

3 ;
k w l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w w - 5 . 5 3 9 1 e - 6 * T w w " 2 ) * l e - 3 ;
P r w l = c p w l * v i s w l / k w l ;

% O u t l e t  c o n d i t i o n

T a a = T a 2 ;
Tww=Tw2 ;

dena2=  5 . 7 2 2 4 4 7 e - 0 0 8 * T a a " 3 - 4 . 5 3 2 6 7 3 e - 0 0 5 * T a a " 2 + 7 . 8 4 7 8 8 6 e -  
0 0 3 * T a a + l . 3 5 9 0 2 9 e + 0 0 0 ;

cpa2 = - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a a " 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a a " 2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a a + 3 . 2 7 0 9 1 4 e + 00 0 ;

Visa2= - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a a " 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a a " 2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a a + 8 . 4 9 8 9 4 9 e - 0 0 5 ;

ka2= - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a a " 3 + 5 , 2 5 4 4 7 8 e - 0 0 9 * T a a " 2 - 1 . 5 9 7 8 5 1 e -  
0 0 6 * T a a + l . 8 0 2 5 2 0 e - 004 ;

P r a 2 = c p a 2 * v i s a 2 / k a 2  ;

d e n w 2 = ( 0 . 3 4 7 1 * 0 . 2 7 4 " ( - ( l - T w w / 6 4 7 . 1 3 ) " 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w 2 = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w w - 2 . 1 1 0 3 e - 4 * T w w " 2 + 5 .34 6 9 e - 7 * T w w " 3 ) / 1 8 ; 
V i s w 2 = 1 0 " ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w w ) + 1 . 7 7 3 e - 2 * T w w - l . 2 6 3 1 e - 5 * T w w " 2 ) * l e -  

3;
k w 2 = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w w - 5 . 5 3 9 1 e - 6 * T w w " 2 ) * l e - 3 ;
P r w 2 = c p w 2 * v i s w 2 / k w 2 ;

%% u p p e r  t a n k

u t l = V w / ( W t * D l )  ;
D h t l = 2 * W t * D l / ( W t + D l )  ;
R e t l = d e n w l * u t l * D h t l / v i s w l ;
A t l = 2 * z l * ( W t + D l ) ;
A f f t l = W t * D l  ;

%% l o w e r  t a n k

u t 2 = V w / ( W t * D 2 ) ;
D h t 2 = 2 * W t * D 2 / ( W t + D 2 ) ;
R e t 2 = d e n w 2 * u t 2 * D h t 2 / v i s w 2 ;
A t 2 = 2 * z 2 * ( W t + D 2 ) ;
A f f t 2 = W t * D 2 ;



% % % C a l c u l a t i o n  a t  r e f e r e n c e  t e m p e r a t u r e
1 3 3

Tww=Tw2- 1 0 ;
T a a = T a l - 1 0 ;

^ C a l c u l a t i o n  o f  r e f e r e n c e  t e m p e r a t u r e , T I

T w l = ( ( T w l - T w w ) A0 . 2 1 1 ) * ( (Tw 2 -T w w )A0 . 7 8 9 ) +Tww; 
T a l = ( ( T a l - T a a ) A0 . 2 1 1 ) * ( ( T a 2 - T a a ) A0 . 7 8 9 ) +Taa;

« C a l c u l a t i o n  o f  r e f e r e n c e  t e m p e r a t u r e , T I I

T w I I = ( ( T w l - T w w ) A0 . 7 8 9 ) * ( (Tw 2 -T w w )A0 . 2 1 1 ) +Tww;
T a I I = ( ( T a l - T a a ) A0 . 7 8 9 ) * ( ( T a 2 - T a a ) A0 . 2 1 1 ) +Taa;

« W a t e r - s i d e  6 TwI

d e n w l = ( 0 . 3 4 7 1 * 0 . 2 7 4 A ( - ( l - T w I / 6 4 7 . 1 3 ) A0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w l = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w I - 2 . 1 1 0 3 e - 4 * T w I A2 + 5 . 3 4 6 9 e - 7 * T w I A3 ) / 1 8  ; 
v i s w I = 1 0 A ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w I ) + 1 . 7 7 3 e - 2 * T w I - l . 2 6 3 1 e - 5 * T w I A2 ) * l e - 3 ; 
k w l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w I - 5 . 5 3 9 1 e - 6 * T w I A2 ) * l e - 3  ;
P r w l = c p w l * v i s w l / k w l ;

c W a t e r - s i d e  0 T w I I

d e n w l l = ( 0 . 3 4 7 1 * 0 . 2 7 4 A ( - ( l - T w I I / 6 4 7 , 1 3 ) A0 . 28 5 7 1 ) )  * 1 0 0 0 ;  
c p w I 3 >  ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w I I - 2 . 1 1 0 3 e - 4 * T w I I A2 + 5 . 3 4 6 9 e - 7 * T w I I A3 ) / 1 8 ;  
v i s w I I = 1 0 A ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w I I ) + 1 . 7 7 3 e - 2 * T w I I - l . 2 6 3 1 e -  
5 * T w I I A2 ) * l e - 3 ;
k w l l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w I I - 5 . 5 3 9 1 e - 6 * T w I I A2 ) * l e - 3 ;  
P r w I I = c p w I I * v i s w I I / k w I I  ;

% A i r - s i d e  0 T a l

d e n a l =  5 . 7 2 2 4 4 7 e - 0 0 8 * T a I A3 - 4 . 5 3 2 6 7 3 e - 0 0 5 * T a I A2 + 7 .847  8 8 6 e -  
0 0 3 * T a I + l . 3 5 9 0 2 9 e + 0 0 0 ;
c p a l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a I A3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a I A2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a I + 3 . 2 70 9 1 4 e + 0 0 0 ;
v i s a l =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a I A3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a I A2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a I + 8 . 4 9 8 9 4 9 e - 0 0 5 ;
k a l =  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a I A3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a I A2 - l . 5 9 7 8 5 1 e -  
0 0 6 * T a 1 + 1 . 8 0 2 5 2 0 e - 004 ;
P r a l = c p a l * v i s a l / k a l ;

« A i r - s i d e  0 T a l l

d e n a l l =  5 . 7 2 2 4 4 7 e - 0 0 8 * T a I I A3 - 4 . 5 3 2 6 7 3 e - 0 0 5 * T a I I A2 + 7 . 8 4 7 8 8 6 e -  
0 0 3 * T a I I + l . 3 5 9 0 2 9e+000 ;
c p a l l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a I I A3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a I I A2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a I I + 3 . 2 7 0 9 1 4 e + 0 0 0 ;
v i s a l l =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a I I A3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a I I A2 - 7 . 0 3 8 6 0 9 e -

k a l I - ~ 5 ^ 4 6 9 9 9 4 e - 0 1 2 * T a I I 3 + 5 . 2 5 4 4 7 8 e - O Û 9 ^ T a I I 2 - l . 5 9 7 8 5 1 e -  
0 0 6 * T a I I + l . 8 0 2 5 2 0 e - 0 0 4 ;
P r a I I = c p a I I * v i s a I I / k a I I ;



% f r i c t i o n  o f  i n l e t  p i p e

u p l = V w /  ( p i / 4 * D p A2) ;
R e p l = d e n w l * D p * u p l / v i s w l ; 
i f  R e p l<  2300  

f p l = 1 6 / R e p l ;
0I S G

f p 1 = 0 . 0 0 1 2 8 + . 1 1 4 3 * R e p l A ( - . 3 1 1 ) ;

F p l = d e n w l * u p l A2 / 2 *  ( 4 * f p l * L p / D p )  ;

% f r i c t i o n  o f  o u t l e t  p i p e

u p 2 = V w / ( p i / 4 * D p A2 ) ;
R e p 2 = d e n w 2 * D p * u p 2 / v i s w 2 ; 
i f  Rep2< 2300  

f p 2 = 1 6 / R e p 2 ;
0 I  ร  0

f p 2 = 0 . 0 0 1 2 8 + . 1 1 4 3*R e p2 A ( - . 3 1 1 ) ;
end

F p2 = d e n w 2 *u p 2 /' 2 / 2 *  ( 4 * f p 2 * L p / D p )  ;
F p l 2 = F p l + F p 2 ;

%%%%%%%%Cal. a t  TwI

% W a t e r - s i d e  f r i c t i o n  f a c t o r
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% f r i c t i o n  o f  t u b e

นพI = V w / ( A f f w ) ; 
m w l = d e n w l * u w l * A f  f พ ;
Q w l = m w l * c p w l * ( T w l - T w 2 ) ;
R e D h w I = d e n w I * u w I * D h w / v i s w l ;
R e D l w I = d e n w I * u w I * D l w / v i s w I  ;

ท= T w /T d ;  
i f  ReDhwI<2100

f w l = 2 4 * ( l - 1 . 3 5 5 3 * n + l .  94 6 7 * n /' 2 - l . 7 0 1 2 * ท " 3 + 0 . 9 5 6 4 * ท " 4 -  
0 . 2 5 3 7 * n A5 ) / R e D h w I ;
0 1 ร 0

f w l = 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D lw I A ( - 0 . 3 1 1 ) ) ;  
f w s l  = f s o l v e ( ' f r i c t w l 1 1 , f w l ) ;  

i f  e==0
f w l = f w s l ;

f w r l = 2 / ( ( 0 . 9 5 * ( p / e ) A0 . 5 3 ) - 2 . 5 * l o g ( 2 * e / D h w ) - 2 . 5 - 2 . 5 * l o g ( 2 * (T d -  
2 * T t ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ) ) A2 ;

f w l = ( ( T w - 2 * T t ) *  f w s 1 + ( T d - 2 * T t ) *  f w r l ) / ( ( T w - 2 * T t )  + ( T d - 2 * T t )  ) ;
end

end

% W a t e r - s i d e  h e a t  t r a n s f e r  c o e f f i c i e n t

i f  ReDhwI<2100
h w l = 7 . 5 4 1 * ( 1 - 2 . 6 1 * n + 4 . 9 7 * n A2 - 5 . 1 1 9 * n A3 + 2 . 7 0 2 * n A4 - 0 . 5 4 8 * n A5 ) * k w I / D h w ;  

e l s e  % f o r  ReD hwI I  > 2100 & R e D h w I K  5000000
h w l = ( ( f w I / 2 ) * ( R e D h w I -1000 ) * P r w I / ( 1 + 1 2 . 7 * ( ( f w I / 2 ) A0 . 5 ) * ( P r w I A ( 2 / 3 ) -  

1 ) ) ) * k w I / D h w ;  
end



% E x pa ns ion  and c o n t r a c t i o n  l o s s e s

i f  ReDhwI<2000  
K I = 1 .7  ; 

e l s e
K I = 1 .4  ;

end

F t l = d e n w l *  ( u w I /'2 )  / 2 *  ( f w I * A w / A f f w + K I ) ;

% s t a t i c  head

s t a t l = d e n w l * ( z l + z 2 + H ) * 9 . 8 ;

% P re s s u re  i n  t a n k

P t I = P P w + s t a t I - ( F t l + F p l 2 ) ;
K w t a n k I = P t I / ( d e n w l * ( u w I A2 ) / 2 ) ;
K w t a n k l I = P t I / ( d e n w l * ( ( 0 . 5 * ( u t l + u t 2 ) ) A2 ) / 2 ) ;

% W a t e r - s i d e  p r e s s u r e  d r o p

P w l = - s t a t l + { F t l + F p l 2 + P t l ) ;
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%%%%%%%%Cal. a t  T w I I

% W a t e r - s i d e  f r i c t i o n  f a c t o r

% f r i c t i o n  o f  t u b e

u w I I = V w / ( A f f w ) ;
m w l I = d e n w l I * u w l I * A f  f พ;
Q w I I = m w I I * c p w I I * ( T w l - T w 2 )  ;

R e D h w I I = d e n w I I * u w I I * D h w / v i s w I I ; 
R e D l w I I = d e n w I I * u w I I * D l w / v i s w l l ;

f w l l = 2 4 * ( 1 - 1 . 3 5 5 3 * n + 1 . 9 4 6 7 * n A2 - 1 . 7 0 1 2 * n A3 + . 9 5 6 4 * n A4 -  
0 . 2 5 3 7 * n A5 ) / R e D h w I I ;
0 I  s s

f w l l = 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I I A ( - 0 . 3 1 1 ) ) ;  
f w s I I = f s o l v e ( ' f r i c t w l l l ' , f w l l ) ;  
i f  e==0

f w l l = f w s l l ;
0 I  S G

f w r l l = 2 / ( ( 0 . 9 5 * ( p / e ) A0 . 5 3 ) - 2 . 5 * l o g ( 2 * e / D h w ) - 2 . 5 - 2 . 5 * l o g ( 2 * (Td -  
2 * T t ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ) ) A2 ;

f w l l = ( ( T w - 2 * T t ) * f w s l l + ( T d - 2 * T t ) * f w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;
end

end



%Water-side heat tra n s fe r c o e ffic ie n t

i f  R e D h w I I< 2 10 0
h w l l = 7 . 5 4 1 *  ( l - 2 . 6 1 * n + 4 . 9 7 * n A2 - 5 . 1 1 9 * n A3 + 2 . 7 0 2 * n A4 -  

0 . 5 4 8 * n A5) * k w I I / D h w ;
0I  ร 0

h w l l = ( ( f w I I / 2 ) * ( R e D h w I I -
1 0 0 0 ) * P r w I I / ( 1 + 1 2 . 7 * ( ( f w I I / 2 ) A0 . 5 ) * ( P r w I I A ( 2 / 3 ) - 1 ) ) ) * k w I I / D h w ;  
end

% E x pa ns ion  and  c o n t r a c t i o n  l o s s e s

i f  R eD h w I I< 2 00 0  
K I I = 1 .7  ; 

e l s e
K I I = 1 .4  ;

end

F t I I = d e n w I I * ( u w I I A2 ) / 2 * ( f w I I * A w / A f f w + K I I ) ;

% s t a t i c  hea d

s t a t l l = d e n w l l * ( z l + z 2 + H ) * 9 . 8 ;

^ P r e s s u r e  o f  t a n k

P t I I = P P w + s t a t I I - ( F t I I + F p l 2 ) ;
K w t a n k I I = P t I I / ( d e n w l l * ( น พ แ A2 ) / 2 ) ;
K w t a n k l I I = P t I I / ( d e n w l l * ( ( 0 . 5 * ( u t l + u t 2 ) ) A2 ) / 2 ) ;
Kwww=3. 8 3 e 2 5 * e x p ( ( - 0 . 6 1 * w + 1 0 . 5 5 * D - 3 . 6 5 * D 1 -  
4 0 . 2 7 * D 2 + 3 . 0 1 * z 2 ) / D h t 2 ) * R e t l A 1 2 . 5 - 2 . 7 3 * D h t l ) * .  .

( R e t 2 A ( 7 . 5 2 * D h t 2 ) ) * ( ( l o g ( 1 + W / D h t 2 ) ) A1 2 . 0 4 ) * ( ( l o g ( 1 + H / D h t 2 ) ) A0 . 6 3 )  
( ( l o g ( 1 + D / D h t 2 ) ) A ( -

3 . 1 2 ) ) * ( ( l o g ( 1 + D h t l / D h t 2 ) ) A5 . 5 7 ) * ( ( l o g ( l + z l / D h t 2 ) ) A0 . 3 6 ) * . . .
( ( l o g ( l + z 2 / D h t 2 ) ) A ( - 0 . 9 4 ) ) * ( ( l o g ( 0 . 5 * R e t l ) ) A ( -  

1 4 . 8 5 ) ) * ( ( l o g ( 0 . 5 * R e t 2 ) ) A ( - 1 5 . 3 3 ) ) ;

% W a t e r - s i d e  p r e s s u r e  d r o p

P w I I = - s t a t I I + ( F t I I + F p l 2 + P t I I ) ;
P w t a n k l = d e n w l * ( ( 0 . 5 * ( u t l + u t 2 ) ) A2 ) / 2*Kwww;
P w t a n k I I = d e n w I I * ( ( 0 . 5 * ( u t l + u t 2 ) ) A2 ) / 2*Kwww;

%%%%%%%%%Cal. a t  T a l

% % C o n t r a c t i o n  and  e x p a n s i o n  c o e f f i c i e n t

e e = A f f a / A f r a ;  
c c = A f f a / A f r a ;

K e = 0 . 9 7 3 - 1 . 9 1 6 * e e + 0 . 9 4 4 * e e A2;

K c = 0 . 4 0 8 - 0 . 4 0 9 * c c A2 ;

% A i r - s i d e  h e a t  t r a n s f e r  c o e f f i c i e n t  and  f r i c t i o n  f a c t o r  

u f r a = u a ;
m a l = d e n a l * u f r a * A f r a ;
Q a l = m a l * c p a l * ( T a 2 - T a l ) ; 
u a l = u f r a * A f r a / A f f a ;
R e L p I = d e n a I * u a I * L p / v i s a i  ;
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h a I = ( R e L p I A ( - 0 . 4 9 ) )  * ( ( L a / 9 0 ) A0 .27 )  * ( ( L l / L p ) A0 . 6 8 )  * ( ( F p / L p ) A ( -  
0 . 1 4 ) )  * ( ( F l / L p ) A ( - 0 . 2 9 ) ) *  . . .

( ( F t / L p ) A ( - 0 . 0 5 ) )  * ( ( T d / L p ) A ( - 0 . 2 3 ) ) * ( ( T p / L p ) A ( -  
0 . 2 8 ) ) * ( d e n a l * u a l * c p a l * ( P r a I A ( - 2 / 3 )  ) ) ; 
j a l = h a l / ( d e n a l * u a l * c p a l * ( P r a I A ( - 2 / 3 ) ) ) ;  
m l = ( 2 * h a l / ( k f * F t ) ) A0 . 5 ;
11= ( ( F I - F t ) + ( F p / 2 - F t / 2 ) ) / 2 ;  
e f f 1 = ( t a n h ( m l * l l ) ) / ( m l * l l )  ; 
e f f o I = l - A s c / A a * ( 1 - e f f I )  ;

f a I = ( 4 . 9 7 * R e L p I A ( 0 . 6 0 4 9 - 1 . 0 6 4 / ( L a A0 . 2 ) ) ) * ( ( l o g ( ( F t / F p ) A0 . 5 + 0 . 9 ) ) A ( -  
0 . 5 2 7 ) ) * ( ( ( D h a / L p ) * l o g ( 0 . 3 * R e L p I ) ) A ( - 2 . 9 6 6 ) ) . . .

* ( ( F p / L l ) A ( ( - 0 . 7 9 3 1 ) * T p / ( T p - T w ) ) ) * ( ( T p / T w ) A ( -  
0 . 0 4 4 6 ) ) * ( ( l o g ( 1 . 2 + ( L p / F p ) Al . 4 ) ) A ( - 3 . 5 5 3 ) ) * ( L a A ( - 0 . 4 7 7 ) ) ;

f a I = ( 1 4 . 3 9 * R e L p I A ( -
0 . 8 0 5 * F p / F l ) ) * ( ( l o g ( 1 . 0 + ( F p / L p ) ) ) A3 . 0 4 ) * ( ( l o g ( ( F t / F p ) A0 . 4 8 + 0 . 9 ) ) A ( -  
1 . 4 3 5 ) ) * ( ( D h a / L p ) A ( - 3 . 0 1 ) )  . .  .

* ( ( l o g ( 0 . 5 * R e L p I ) ) A ( - 3 . 0 1 ) ) * ( ( F p / L l ) A ( - 0 . 3 0 8 )  ) * ( ( F d / L l ) A ( -  
0 . 3 0 8 ) ) * ( e x p ( - 0 . 1 1 6 7 * T p / T w ) ) * ( L a A0 . 3 5 ) ; 
end

% A i r - s i d e  p r e s s u r e  d r o p  

d enam =0 . 5 * ( d e n a l + d e n a l l ) ;

a P a I = d e n a I * ( u a I A2 ) / 2 * ( f a I * A a / A f f a + K c + K e ) ; 
a K a I = ( 2 * P P a / ( d e n a l * u a l A2 ) ) - f a I * A a / A f f a - K c - K e ;

b P a I = d e n a I * ( u a I A2 ) / 2 * ( f a I * A a / A f f a + o . 7 5 ) ;  
b K a I = ( 2 * P P a / ( d e n a I * u a I A2 ) ) - f a I * A a / A f f a - 0 . 7 5 ;

c P a I = d e n a I * ( u a I A2 ) / 2 * ( f a I * A a / A f f a ) ; 
c K a I = ( 2 * P P a / ( d e n a I * u a I A2 ) ) - f a I * A a / A f f a ;

d P a I = d e n a m * u a I A2 / 2 * ( f a I * A a / A f f a * d e n a l / d e n a m + ( K c + l - c c A2 ) + 2 * ( d e n a l / d e n a l l -  
1) . . .

- ( l - e e A2 - K e ) * d e n a l / d e n a l l ) ;
d K a l - ( 2 * P P a / ( d e n a m * u a I A2 ) ) - ( f a I * A a / A f f a * d e n a l / d e n a m + ( K c + 1 -  
c c A2 ) + 2 * ( d e n a l / d e n a l l - l ) . . .

- ( l - e e A2 - K e ) * d e n a l / d e n a l l ) ;

f a e x p l = ( ( 2 * P P a / ( d e n a m * u a I A2 ) ) - ( ( K c + l - c c A2 ) + 2 * ( d e n a l / d e n a l l - l ) . . .
- ( l - e e A2 - K e ) * d e n a l / d e n a l I ) ) * A f f a * d e n a m / ( A a * d e n a l ) ;

%%%%%%%%%Cal. a t  T a l l

% A i r - s i d e  h e a t  t r a n s f e r  c o e f f i c i e n t  and  f r i c t i o n  f a c t o r  

u f r a = u a ;
m a l l = d e n a l l * u f r a * A f r a ;
Q a I I = m a I I * c p a I I * ( T a 2 - T a l ) ; 
u a l l = u f r a * A f r a / A f f a ;

R e L p I I = d e n a I I * u a I I * L p / v i s a I I ;



h a I I = ( R e L p I I A ( - 0 . 4 9 ) )  *  ( ( L a / 9 0 ) AO.2 7 )  * ( ( L l / L p ) A0 .6 8 )  * ( ( F p / L p ) A ( -  
0 . 1 4 )  ) * .  . .

((Fl/Lp)A (-0.29))*((Ft/Lp)A (-0.05)) * ((Td/Lp)A (-0.23)) * ((Tp/Lp)A (- 
0.28))*. ..

( d e n a l l * u a l l * c p a l l * ( P r a I I A ( - 2 / 3 )  ) ) ;
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jall=hall/(denall*uall*cpall*(PraIIA (-2/3))) ; 
mll=(2*hall/(kf*Ft))A0.5;
1II=((Fl-Ft) + (Fp/2-Ft/2) )/2; 
eff11=(tanh(mlI*111))/(mll*lll);

ร ๊ร ุ๊ร ุ้ i «รท :™ !; 1
tanhml=0.5*((tanh(ml*11))+(tanh(mlI*11I)));

fall=(4.97*ReLpIIA (0.604 9-1.064/(LaA0.2)))*((log((Ft/Fp)A0.5 + 0.9))A (- 
0.527))*...

(((Dha/Lp)*log{0.3*ReLpII))A {-2.966))*((Fp/Ll)A ((-0.7931)*Tp/(Tp- 
Tw)))*...

( ( T p / T w ) A ( - 0 . 0 4 4 6 ) ) * ( ( l o g ( 1 . 2 + ( L p / F p ) A1 . 4 ) ) A ( - 3 . 5 5 3 ) ) * ( L a A ( -  
0 . 4 7 7 ) ) ;

f a l l = ( 1 4 . 3 9 * R e L p I I A ( - 0 . 8 0 5 * F p / F l )  ) * (  ( l o g ( 1 . 0 + ( F p / L p ) )  ) A3 . 0 4 ) *  . . .
((log((Ft/Fp)A0.48+0.9))A (-1.435))*((Dha/Lp)A (-3.01)) *.
((log(0.5*ReLpII))A (-3.01))*((Fp/Ll)A (-0.308))*...
((Fd/Ll)A (-0.308))*(exp(-0.1167*Tp/Tw))*(LaA0.35);

end

% A i r - s i d e  p r e s s u r e  d r o p  

den am =0 . 5 * ( d e n a l + d e n a l l ) ;

a P a I I = d e n a I I * ( u a I I A2 ) / 2 * ( f a I I * A a / A f f a + K c + K e ) ; 
a K a I I = ( 2 * P P a / ( d e n a l l * u a l l A2 ) ) - f a I I * A a / A f f a - K c - K e ;

b P a I I = d e n a I I * ( u a I I A2 ) / 2 * ( f a I I * A a / A f f a + o . 7 5 ) ;  
b K a l 1 = ( 2 * P P a / ( d e n a l l * u a l l A2 ) ) - f a I I * A a / A f f a - 0 . 7 5 ;

c P a I I = d e n a I I * ( u a l l A2 ) / 2 * ( f a I I * A a / A f f a ) ;  
c K a I I = ( 2 * P P a / ( d e n a l l * u a l l A2 ) ) - f a I I * A a / A f f a ;

d P a I I = d e n a m * u a I I A2 / 2 * ( f a I I * A a / A f f a * d e n a l / d e n a m + ( K c + 1 -  
CCA2 ) + 2 * ( d e n a l / d e n a l l - l ) . . .

- (l-eeA2-Ke)*denal/denall);
d K a I I = ( 2 * P P a / ( d e n a m * u a I I A2 ) ) - ( f a I I * A a / A f f a * d e n a l / d e n a m + ( K c + 1 -  
CCA2 ) + 2 * ( d e n a l / d e n a l l - l ) . . .

- (l-eeA2-Ke)*denal/denall);

f a e x p l l = ( ( 2 * P P a / ( d e n a m * u a l l A2 ) ) - ( ( K c + l - c c A2 ) + 2 * ( d e n a l / d e n a l I - 1 ) - ( l - e e A2 -  
Ke) . . .

* d e n a l / d e n a l l ) ) * A f f a * d e n a m / ( A a * d e n a l ) ;

Z l  “ ท ™  „ t / u w a n . ^ 1 1 , , ;
U A I I = 1 /(1/(e f f o l I * h a I I * A a ) + 1 / ( h w I I * A w ) + T t / ( k w a l l * A w a l l ) ) ;

U A = 1 / ( 0 . 5 * ( 1 / U A I + l / U A I I ) ) ;  
r = f s o l v e ( ' F u n F l ' , 0 . 4 ) ;
M T D = r * ( T w l - T a l ) ;



•' ( (IldiaH + Ç* 0)6๐1) 6ox=oie 
•' (Ildgay) *xa/da=6B 
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a l l = l o g ( R e L p ) ;
a l 2 = ( 1 / ( L a ) " 0 . 2 ) * l o g ( R e L p ) ;
a l 3 = l o g ( D h a / L p * l o g ( 0 . 3 * R e L p ) ) ;
a l 4 = F p / F l * ( R e L p ) ;
a l 5 = l o g ( l o g ( 0 . 5 * R e L p ) ) ;

๖ l = l o g ( l o g ( 0 . 9 + ( F t / F p ) " 0 . 5 ) ) ;
๖2 = T p / ( T p - T w ) * l o g ( F p / L l ) ;
๖ 3 = l o g ( T p / T w ) ;
๖ 4 = l o g ( l o g ( 1 . 2 + ( L p / F p ) " 1 . 4 ) ) ;

b ^ —l o g ( l o g l l + F p / L p ) ) ;  
b 7 = l o g ( D h a / L p ) ; 
b 8 = l o g ( F p / L l ) ;  
b 9 = l o g ( F d / L l ) ; 
b lO = T p / T w ;  
b l l = L a / 9 0 ;  
b l 2 = F t / F p ;  
b l 3 = D h a / L p ; 
b l 4 = T p / ( T p - T w ) ; 
b l 5 = F p / L l ;  
b l 6 = L p / F p ; 
b l 7 = F p / F l ;  
b l 8 = F p / L p ;

%GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGOOOOOOOOOOOGOBOOOOOOOOOOOBBBBBBBBBBBBB

a P a a = 0 . 5*UA* ( a P a l / U A I + a P a l l / U A I I ) ;  
b P a a = 0 . 5 * U A * ( b P a l / U A I + b P a l l / U A I I ) ;
r P a a r f l  ร  *TT A *  l  r - P a  T /T TAT  4 - r - P 3  T T /TTA T T \  •.

ร : : ! : ! . ! ! : !  ^ ร !ะ ? : ! ! :
c P a = P a l * ( 1 - ( l - 2 * c P a a / P a l ) " 0 . 5 ) ;  
d P a = P a l * ( 1 - ( l - 2 * d P a a / P a l ) " 0 . 5 )  ; 
e P a = P a l * ( 1 - ( l - 2 * e P a a / P a l ) " 0 . 5 )  ;

P w - 0 ? 5 * U A * ( P w l / U A I + P w I I / U A I I ) ;
Pt=PPw-Pw;
P w c a l I = - s t a t I + F t I + F p l 2 + P w t a n k I ;
P w c a l l I = - s t a t I I + F t I I + F p l 2 + P w t a n k I I ;
P w c a l = 0 . 5 * U A * ( P w c a l l / U A I + P w c a l l l / U A I I ) ;

P w t u b e = 0 . 5 * U A * ( F t l / U A I + F t I I / U A I I ) ;

Q a=. 5 * ( Q a l + Q a l l ) ;
Qw=.5 * (Q w I+ Q w I I )  ;
Q e x p = . 5 * (Qa+Qw);
Qca l=UA*MTD;
Q D e v i a t i o n = ( Q c a l - Q e x p ) / Q e x p * 1 0 0 ;

u p ( m l , 1 ) = i ; 
up (m l ,  2) = j  ; 
u p ( m l , 3 ) = P w t u b e ; 
u p ( m l , 4 ) =PPw;  
u p ( m l , 5 ) = a P a ; 
up ( m l , 6 ) =bPa ■1



u p ( m l , 7 ) =cPa ; 
up ( m l , 8 ) =dPa ; 
u p ( m l , 9 ) =ePa ; 
u p ( m l , 1 0 ) =PPa;

u p ( m l , 1 1 ) = Q c a l ; 
u p ( m l , 1 2 ) =Qexp;

u p ( m l , 1 3 ) = u f r a ;  
u p ( m l , 1 4 ) = v พ * 6e4 ;  
m l = m l + l ;

i f  PPw>0
wc (m2. 1) = i ;
w c (m2, 2) = j ;
w c (m2, 3) = Pwtube  ;
wc (m2, 4 ) = PPw;

w c (m2, 5) = P t I ;
wc (m2, 6) = P t I I  ;
w c (m2, 7) = K w t a n k I ;
w c (m2, 8 ) = K w t a n k l l ;
wc (m2, 9 ) = K w t a n k l l ;
w c (m2, 10) = K w t a n k l I I ;
w c (m2, 11) = d e n w l ;
w c (m2, 12) = d e n w l l ;
w c (m2, 13) = u w l  ;
w c (m2. 14) = u w l I ;

w c (m2, 15) = u t l  ;
w c (m2, 16) = D h t l ;
wc (m2, 17) = R e t l  ;
w c (m2, 18) = A t l ;
wc (m2, 19) = A f f t l  ;
w c (m2, 20) =D1;
wc (m2, 21) = z l ;
w c (m2, 22) = d e n w l ;

w c (m2. 23) = u t 2  ;
w c (m2, 24) = D h t 2 ;
w c (m2, 25) = R e t 2 ;
wc (m2, 26) =A t  2 ;
w c (m2, 27) = A f f t 2 ;
w c (m2, 28) =D2 ;
w c (m2, 29) = z2 ;
w c (m2, 30) =den w 2 ;

w c (m2, 31) =H;
w c (m2, 32) =W;
w c (m2, 33) =D;

w c (m2, 34) =พ / D h t 2 ;
w c (m2, 35) = H / D h t 2 ;
w c (m2, 36) = D / D h t 2 ;
w c (m2, 37) = D h t l / D h t 2 ;
w c (m2, 38) = D 1 / D h t 2 ;
w c (m2. 39) = D 2 / D h t 2 ;
w c (m2, 40) = z l / D h t 2 ;
w c (m2, 41) = z 2 / D h t 2 ;

wc ( m 2 , 4 2 ) = D h t l * l o g ( R e t l )
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w c ( m 2 , 4 3 ) = D h t 2 * l o g ( R e t 2 )  ;

wc (m2, 
w c (m2, 
wc (m2, 
wc (m2, 
w c (m2, 
w c (m2, 
wc (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2,

4 4 )  = l o g ( พ / D h t 2 ) ;
4 5 )  = l o g ( H / D h t 2 ) ;
4 6 )  = l o g ( D / D h t 2 ) ;
4 7 )  = l o g ( D h t l / D h t 2 ) ;
4 8 )  = l o g ( D l / D h t 2 ) ;
49) = l o g ( D 2 / D h t 2 ) ;
5 0 )  = l o g ( z l / D h t 2 ) ;
5 1 )  = l o g ( z 2 / D h t 2 ) ;
5 2 )  = l o g ( R e t l ) ;
5 3 )  = l o g ( R e t 2 ) ;
5 4 )  = D h t l / D h t 2 * l o g ( R e t l ) ;

w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2,

55)  = l o g ( l o g ( 1 + W / D h t2 ) ) ;
5 6 )  = l o g ( l o g ( 1 + H / D h t 2 ) ) ;
5 7 )  = l o g ( l o g ( 1 + D / D h t 2 ) ) ;
5 8 )  = l o g ( l o g ( 1 + D h t l / D h t 2 ) ) ;
5 9 )  = l o g ( l o g ( 1 + D l / D h t 2 ) ) ;
6 0 )  = l o g ( l o g ( 1 + D 2 / D h t 2 ) ) ;
6 1 )  = l o g ( l o g ( l + z l / D h t 2 ) ) ;
6 2 )  = l o g ( l o g ( l + z 2 / D h t 2 ) ) ;
6 3 )  = l o g ( l o g ( 0 . 5 * R e t l ) ) ;
6 4 )  = l o g ( l o g ( 0 . 5 * R e t 2 ) )

w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2, 
w c (m2,

6 5 )  = P t /
6 6 )  = P t /
6 7 )  = P t /
6 8 )  = l o g
6 9 )  = l o g
7 0 )  = l o g

( d e n w l * u t l /' 2 / 2 )  
( d e n w 2 * u t 2 A2 / 2 )  
( 0 . 5 * ( d e n w 2 * u t 2  
( P t /  ( d e n w l * u t l /'  
( P t / ( d e n w 2 * u t 2 A 
( P t / ( 0 . 5 * (denw2

" 2 / 2 + d e n w l * u t l ' ' 2 / 2 )  ) ;
2/2 )) ;
2 /2  ท ุ;
* u t 2 A2 / 2 + d e n w l * u t 1 ^ 2 / 2 ) ) ) ;

w c ( m 2 , 7 1 ) = F p l 2 ;  
w c ( m 2 , 7 2 ) = s t a t l ; 
w c ( m 2 , 7 3 ) = F t I ; 
w c ( m 2 , 7 4 ) = P t I ; 
w c ( m 2 , 7 5 ) = P w I ; 
w c ( m 2 , 7 6 ) = s t a t l l ; 
w c ( m 2 , 7 7 ) = F t I I ; 
w c (m2,7 8 ) = P t I I ; 
w c ( m 2 , 7 9 ) = P w I I ; 
w c ( m 2 , 8 0 ) = P w t ub e ;  
w c ( m 2 , 8 1 ) =Pw;  
w c ( m 2 , 8 2 ) = P w c a l ; 
m2 =m2 +1;

i? dppa>0
ac (m3, 1) = i  ;
ac (m3, 2 ) =ว ่ ;
ac (m3, 3) = f a c o r r e ;
ac (m3, 4 ) = f  a l  ;
ac (m3, 5 ) = a K a l ;
ac (m3, 6) =b K a l  ;
ac (m3, 7 ) =:c K a I  ;
ac (m3, 8) =:f  a l l  ;
ac (m3, 9) = a K a l l ;
ac (m3, 10) = b K a l i ;
ac (m3, 11) = c K a I I ;
ac (m3, 12) =aPa ;
ac (m3, 13) =bPa ;
ac (m3, 14) =c Pa;



a c (ณ3 , 1 5 ) =dPa;  
a c ( m 3 , 1 6 ) =ePa;  
a c ( m 3 , 1 7 ) =PPa;

b e ( m 5 , 1 ) = i ;  
b e ( m 5 , 2 ) = j ; 
b e ( m 5 , 3 ) =F p ;  
b e ( m 5 , 4 ) = F 1 ; 
b e ( m 5 , 5 ) = F t ; 
b e ( m 5 , 6 ) =F d ;  
b e ( m 5 , 7 ) =T p ;  
b e ( m 5 , 8 ) =T d ;  
b e ( m 5 , 9 ) =Dha;  
b e ( m 5 , 1 0 ) = L p ;  
b e ( m 5 , 11) =1,1; 
b e ( m 5 , 1 2 ) =La ;

b e ( m 5 , 1 3 ) = R e L p I ; 
b e ( m 5 , 1 4 ) = f a l ; 
b e ( m 5 , 1 5 ) = a K a I ;  
b e ( m5 , 1 6 ) = b K a I  ; 
b e ( m 5 , 1 7 ) = c K a I  ; 
b e ( m 5 , 1 8 ) = d Ka I  ; 
b e ( m 5 , 1 9 ) = a P a I  ; 
b e ( m5 , 2 0 ) = b P a I ;  
b e ( m5 , 2 1 ) = c P a I ;  
b e ( m 5 , 2 2 ) = d P a I  ;

b e ( m 5 , 2 3 ) = R e L p I I ; 
b e ( m 5 , 2 4 ) = f a l l  ; 
b e ( m 5 , 2 5 ) = a K a I I ;  
b e ( m 5 , 2 6 ) = b K a I I  ; 
b e ( m 5 , 2 1 ) = c K a I I  ; 
b e ( m 5 , 2 8 ) = d K a I I  ; 
b c ( m 5 , 2 9 ) = a P a I I ;  
b e ( m 5 , 3 0 ) = b P a I I ; 
b e ( m 5 , 3 1 ) = c P a I I  ; 
b e ( m 5 , 3 2 ) = d P a I I ; 
b e ( m 5 , 3 3 ) =ReLp;  
b e ( m 5 , 3 4 ) = f a  ; 
b e ( m 5 , 3 5 ) =eKa ; 
b e ( m 5 , 3 6 ) =ePa;  
b e ( m 5 , 3 7 ) = f a e x p l ; 
b e ( m 5 , 3 8 ) = a l ; 
b e ( m 5 , 3 9 ) =a2 ; 
b e ( m 5 , 4 0 ) = a 3 ;  
b e (m 5 ,  4 1 ) =a4 ; 
b e ( m 5 , 4 2 ) =a5 ;

b e ( m 5 , 4 3 ) = f a e x p l I  ; 
b e ( m 5 , 4 4 ) =a 6 ;  
b e ( m 5 , 4 5 ) =a7 ; 
b e ( m 5 , 4 6 ) = a8 ;  
b e ( m 5 , 4 7 ) =a9;  
b e ( m 5 , 4 8 ) = a ! 0 ;  
b e ( m 5 , 4 9 ) = f a e x p ;  
b e(m5 ,  5 0 ) = a l l ;  
b e ( m 5 , 5 1 ) = a l 2 ;  
b e ( m 5 , 5 2 ) = a l 3 ;  
b e(m5 ,  5 3 ) = a l 4  ; 
be(m5,54)=al5 ;
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b e ( m 5 , 5 5 ) = ๖ ! ;  
b e ( m 5 , 5 6 ) = ๖ 2 ;  
be(m5,57)=๖3 ; 
b e ( m 5 , 5 8 ) = ๖ ! ;  
b e ( m 5 , 5 9 ) = ๖ 5 ;  
b c (m5, 6  0 ) =b 6 ; 
b e ( m 5 , 61) =๖ 7  ; 
b e ( m 5 , 6 2 )=๖ 8  ; 
b e ( m 5 , 6 3 ) = ๖ 9 ;  
b e ( m 5 , 6 4 ) = ๖ 1 0 ;  
b e (m 5 ,  6 5 ) = b l l ; 
b e ( m 5 , 6 6 ) = ๖ ! 2  ; 
b e ( m 5 , 6 7 ) = b l 3  ; 
b e ( m 5 , 6 8 ) = ๖ ! 4  ; 
b e ( m 5 , 6 9 ) = ๖ ! 5 ;  
b e ( m 5 , 7 0 ) = ๖ 1 6 ;  
b e ( m 5 , 7 1 ) = ๖ ! 7 ;  
b e ( m 5 , 1 2 ) = ๖ !8  ; 
b e ( m 5 , 7 3 ) =PPa ;

m3=m3 + l ;
๓5 = m 5 + l ; 

e n d

p a r a ( m 4 , 1 ) =Q;
p a r a ( m 4 , 2 ) = u f r a ;
p a r a ( m 4 , 3 ) =Vw;
p a r a ( m 4 , 4 ) = W;
p a r a ( m 4 , 5 ) =H;
p a r a ( m 4 , 6 ) =D;
p a r a ( m 4 , 7 ) =T d ;
p a r a ( m 4 , 8 ) = F t ;
p a r a ( m 4 , 9 ) = T t ;
p a r a ( m 4 , 1 0 ) = k f ;
p a r a ( m 4 , 1 1 ) = k w a l l  ;
p a r a ( m 4 , 1 2 ) = k s d ;
p a r a ( m 4 , 1 3 ) =sdt ;
p a r a ( m 4 , 1 4 ) =st ;
p a r a ( m 4 , 1 5 ) =Fd;
p a r a ( m 4 , 1 6 ) = T 1 ;
p a r a ( m 4 , 1 7 ) = A f r a ;
p a r a ( m 4 , 1 8 ) =Tw l  ;
p a r a ( m 4 , 1 9 ) = T a l  ;
p a r a ( m 4 , 2 0 ) =Tw2 ;
p a r a ( m 4 , 2 1 ) =Ta2 ;
p a r a ( m 4 , 2 2 ) = d en a ;
p a r a ( m 4 , 2 3 ) =cpa  ;
p a r a ( m 4 , 2 4 ) = v i s a ;
p a r a ( m 4 , 2 5 ) = k a ;
p a r a ( m 4 , 2 6 ) =P ra  ;
p a r a ( m 4 , 2 7 ) =denw;
p a r a ( m 4 , 2 8 ) =cpw;
p a r a ( m 4 , 2 9 ) = v i s w ;
p a r a ( m 4 , 3 0 ) =kw;
p a r a ( m 4 , 3 1 ) =Prw;
p a r a ( m 4 , 3 2 ) = 0 . 5 * ( m a l + m a l l ) ;
p a r a ( m 4 , 3 3 ) = 0 . 5 * ( m w l + m w l I ) ;
p a r a ( m 4 , 3 4 ) =MTD;
p a r a ( m 4 , 3 5 ) = N t ;
p a r a ( m 4 , 3 6 ) =F1 ;
p a r a ( m 4 , 3 1 ) =Nm;
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p a r a (ณ4 , 3 8 ) =F p ;
p a r a ( ๓ 4 , 3 9 ) = A p r ;
p a r a ( ๓ 4 , 40 )=Tw;
p a r a ( ๓ 4 , 4 1 ) = A s c ;
p a r a ( ๓ 4 , 4 2 ) =T p ;
p a r a ( ๓ 4 , 4 3 ) =Aa;
p a r a ( ๓ 4 , 4 4 ) = A f f a ;
p a r a ( ๓ 4 , 4 5 ) =Aw;
p a r a ( ๓ 4 , 4 6 ) = A f f w ;
p a r a ( ๓ 4 , 4 7 ) = A w a l l ;
p a r a ( ๓ 4 , 4 8 ) = 0 . 5 * ( u a l + u a l l )  ;
p a r a ( ๓ 4 , 4 9 ) = 0 . 5 * ( u w l + u w l l ) ;
p a r a ( ๓ 4 , 5 0 ) = 0 . 5 * ( R e L p I + R e L p I I ) ;
p a r a (๓ '4 ,5 1 ) = Lp ;
p a r a ( ๓ 4 , 5 2 ) = L a ;
p a r a ( ๓ 4 , 5 3 ) = L 1 ;
p a r a ( ๓ 4 , 5 4 ) = 0 . 5 * ( h a l + h a l l )  ;
p a r a ( ๓ 4 , 5 5 ) = 0 . 5 * ( m l+ ๓ 1 1 ) ;
p a r a ( ๓ 4 , 5 6 ) = 0 . 5 * ( 1 I + 1 I I ) ;
p a r a ( ๓ 4 , 5 7 ) = ๓ ! ;
p a r a ( ๓ '4 ,5 8 )= t a n h m l ;
p a r a ( ๓ 4 , 5 9 ) = 0 . 5 * ( e f f l + e f f l l )  ;
p a r a ( ๓ 4 , 6 0 ) = 0 . 5 * ( e f f o l + e f f o i l ) ;
p a r a (๓ '4 ,6 1 ) =Dha;
p a r a ( ๓ 4 , 6 2 ) = 0 . 5 * ( f a l + f a l l ) ;
p a r a ( ๓ 4 , 6 3 ) =aPa ;
p a r a ( ๓ 4 , 6 4 ) = b P a ;
p a r a ( ๓ '4 ,6 5 )=cPa ;
p a r a ( ๓ 4 , 6 6 ) =dPa;
p a r a ( ๓ 4 , 6 7 ) =ePa ;
p a r a  (๓'4,68)  =PPa;
p a r a ( ๓ '4 ,6 9 )=Dhw;
p a r a ( ๓ 4 , 7 0 ) =D lw ;
p a r a (๓ 4 , 7 1 ) = 0 . 5 * ( R e D hw I+ R e D hw I I ) ;  
p a r a ( m 4 , 7 2 ) = 0 . 5 * ( R e D l w I + R e D l w I I ) ;  
p a r a ( ๓ 4 , 7 3 ) = 0 . 5 * ( f w l + f w l l ) ; 
p a r a ( ๓ ' 4 , 7 4 ) = 0 . 5 * ( h w l + h w l l )  ;

p a r a ( ๓ 4 , 7 5 ) = F p l 2 ;
p a r a ( ๓ 4 , 7 6 ) = s t a t l ;
p a r a ( ๓ 4 , 7 7 ) = F t I ;
p a r a ( ๓ 4 , 7 8 ) = P w I ;
p a r a ( ๓ 4 , 7 9 ) = s t a t l l  ;
p a r a ( ๓ 4 , 8 0 ) = F t I I ;
p a r a ( ๓ 4 , 8 1 ) = P w I I ;
p a r a ( ๓ 4 , 8 2 ) = P w tub e ;
p a r a ( ๓ 4 , 8 3 ) =Pw;
p a r a (๓4 , 8 4 ) = 0 . 5 * ( Q w I + Q w I I ) ;
p a r a ( ๓ 4 , 8 5 ) = 0 . 5 * ( Q a l + Q a l l )  ;
p a r a ( ๓ 4 , 8 6 ) =P w c a l  ;
๓4 =๓4 + 1;

end
end



2) ไฟล์ FunFlm
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f u n c t i o n  R = F u n F l ( r )  
g l o b a l  T w l  Tw2 T a l  Ta2

p = ( T w l - T w 2 ) / ( T w l - T a l ) ; 
q = ( T a 2 - T a l ) / ( T w l - T a l ) ;

z = 0 ;
f o r  น= 0 : 2 0  

f o r  v = 0 : 2 0  
R= ( ( -

1 ) A ( u + v ) ) * f a c t o r i a l ( u + v ) * ( ( p / r ) Aน ) * ( ( q / r ) Av ) / ( f a c t o r i a l (น) * f a c t o r i a l ( u + 1  
) * f a c t o r i a l ( v ) * f a c t o r i a l ( v + 1 )  ) ;

Z = Z + R ;
end

end
R = ( - r + z ) ;

3) ไฟล์ fricw llm

f u n c t i o n  f s  = f r i c t w l l l ( f ) 
g l o b a l  ReD hwI I  Td Tw

f s = - ( f A- 0 . 5 ) + 4 * l o g l 0 ( R e D h w I I * ( f A0 . 5 ) ) - 0 . 4 + 4 * l o g l 0 ( ( 1 . 1 5 6 + ( (Td -  
2 * T t ) / ( ( T w - 2 * T t ) - ! ) ) / ( ( T d - 2 * T t ) / ( T w - 2 * T t ) ) ;

4) ไฟล์ fricwin.m

f u n c t i o n  f s  = f r i c t w l l l ( f ) 
g l o b a l  ReDhwI I  Td Tw

f s = - ( f A- 0 . 5 ) + 4 * l o g l 0 ( R e D h w I I * ( f A0 . 5 ) ) - 0 . 4 + 4 * l o g l 0 ( ( 1 . 1 5 6 + ( ( T d -  
2 * T t ) / ( ( T w - 2 * T t ) - 1 ) ) / ( ( T d - 2 * T t ) / ( T w - 2 * T t ) ) ;



ภาคผนวก ค
การสรางสมการคำนวณความด้นลดของ,นา

ค.1 ข้ันตอนการสรางสมการคำนวณความดันลดของน้ํา

1. คำนวณความดันลดจากความเสียดทานของนํ้าที่ไหลผ่านท่อนํ้าเข้าและท่อนํ้าออก( APpipe)

A Pp ipe
p y f 4 / „ l V -f p y 4 / . i Y

2 1 D  J inlet p ipe 2 1 £  JJ
(ค.1)

-  outlet p ip e

2) คำนวณความดันลดของนํ้าที่ไหลผ่านท่อแบน ( AP., )

AP„tube
P น f Af ~  + K „+ K „

V A f f
(ค.2)

3) คำนวณความดันสถิตของนํ้า {APsta1)

APs,a,=P»gZ  (ค-3)

4) คำนวณความดันลดในถังนํ้าจากผลการทดสอบประสิทธิภาพหม้อนํ้ารถยนต์ (/4Pta11̂ exp )

^ a n t , e xp  = ^ , exp  -  [àPpipe + A p ,ube -  A P ** ) (ค-4)

5) กำหนดให้ความดันลดในถังนํ้าลามารถคำนวณได้จากความสิ'มพันธ์ดังสมการ

^ ant =

p u
( ค . ร )

- tan k
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โดยท่ี

พ1.111k คือ ความเร็วเฉลี่ยของนํ้าที่ไหลผ่านถังนํ้าตอนบนและถังนํ้าตอนล่าง คำนวณได้จาก

*tan k
''น' 1 +
V 2  J

(ค.6)

เมอ

น' 1, น' 2 คือ ความเร็วของนํ้าที่ไหลผ่านถังนํ้าตอนบนและถังนํ้าตอนล่าง คำนวณได้จาก

«M = W xD ', (ค.7)

F
จ ,2

t ,2
(ค.ร)

และ /โ131116. คือ ลัมประสิทธิ๋การสูญเสียพลังงานของนํ้าที่ไหลผ่านถังนํ้า

6) คำนวณลัมประสิทธิ้การสูญเสียพลังงานของนํ้าที่ไหลผ่านถังนํ้า ( j^ tant.>exp)

A Pไร _  W>€XP
tan A:,exp /  2 \

p i r

V 2 y tan£

(ค.9)

7) สร้างกลุ่มของตัวแปรที่คาดว่ามีผลต่อความดันลดในถังนํ้า และกำหนดรูปแบบของสมการหรือความ 

ลัมพันธ์ที่ใช้คำนวณลัมประสิทธี้การสูญเสียพลังงานของนํ้าที่ไหลผ่านถังนํ้า

สำหรับงานวิจัยนี้ ได้สร้างกลุ่มตัวแปรที่คาดว่ามีผลต่อความดันลดในถังนี้า ประกอบด้วย

พ
'๒2 '๒2

X1 = '
๒2

'๒\
'๒2

X < = •
£>2

^ ๒ 2 '๒2
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X 7 *8 = i

x9 = ReDht\ท » x10 = Re,1 1 V -  Q„DhtllDht2 
xน = Ke/1

< 1 FT ไ' f  H  ไ ]
In l + * 1, = In 1+

l  ท  J < ^  ๒2

(  ท ไ f  ไ ]In l+  hn 1 x lfi = In 1+ 1
\  D  ๒2 ) l  D ๒  2 J _

ฯ 4
f

D  ไ
In 1 +

- l ^  ๒2 J_
r-

( จา
In 1 + Z 2

V ^  ๒2 J

* 1 8  = ๒  (0.5Re„), * 19 = ln(0.5Re,2)

เม่ือ

z x, z 2 คือ ความสูงของถังนํ้าตอนบนและถังนํ้าตอนล่าง ตามลำดับ 

D ,  1, D ,  2 คือ ความลึกของถังนํ้าตอนบนและถังนํ้าตอนล่าง ตามลำดับ 

D m , D ht2 คือ เด้นผ่านศูนย์กลางไฮดรอลิกของถังนํ้าตอนบนและถังนํ้าตอนล่าง คำนวณได้จาก 

ลมการ (ค.10) และ (ค.11) ตามลำดับ

Dhท 2 { W x D j
พ ิ + D , 1

(ค.10)

D ๒2
i j w  X D, 2 )

W  +  D t 2
(ค.11)

Re,1, Re,2 คือ ตัวเลขเรย์โนลด์ของนํ้าที่ไหลผ่านถังนํ้าตอนบนและถังนํ้าตอนล่าง คำนวณได้จาก 

สมการ (ค.12) และ (ค.13) ตามลำดับ

Re,1
K M ) w

(ค.12)

Re, 2 ไ
I P J , (ค.13)
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และมีรูปแบบของสมการดังนี้

K , k = * f  x x 2 X . . . . XX*  x e x p ( x 0) (ค-14)

8) จัดรูปลมการ (ค.14) ให้อยู่ในรูปเชิงเลัน จะได้

๒ (àโ,411* )=  a InXj +b ln x 2 + ... + Ælnxu + /  (ค.15)

9) คำนวณค่าล็อกของลัมประลิทธิ้การสูญเสียพลังงานของนํ้าที่ไหลผ่านถังนํ้า ( ๒ ( ^ 11* eJ )  เพละค่า 

ล็อกของกลุ่มตัวแปรที่ที่คาดว่ามีผลต่อความดันลดในถังนี้า ( ln x ,....In X,,)โดย'ใช้โปรแกรมคำนวณคุณ 

ลักษณะของหม้อนี้ารถยนต์ที่ได้พัฒนาขึ้น (รายละเอียดอยู่ในภาคผนวก ข) และข้อมูลจากผลการทดสอบ 

ประสิทธิภาพหม้อนี้ารถยนต์

10) ใช้โปรแกรมเอลพีเอสเอสวิเคราะห์ความถดถอยเชิงเลันเชิงพหุ เพื่อคำนวณลัมประสิทธิ้ a,b,c,...,k,l 
ของสมการ (ค.15)

แสดงผลการวิเคราะห์ความถดถอยเชิงเลันเชิงพหุ ดังตารางที่ ค.1 และ ค.2

ค.2 สมการคำนวณความดันลดของนํ้า

จากตารางที่ ค.1 และตารางที่ ค.2 จะได้สมการคำนวณลัมประสิทธิ๋การสูญเสียพลังงานของนํ้าที่ 

ไหลผ่านถังนํ้า แสดงดังสมการ

K xmk = 3.83 x io 25 exp25 P1 v r ใ -0.6W+10.55O-3.65D, 1- 40.27/), 2 + 3.0 lz2 )/£>„,, ^ 6 2.5-2.73Dh,1 ^ Ql. i2 D ht

f  พ  ไ]๒ 1+
1 ^ h t! J _

-
f Z  ไ!

๒ 1+ 2 ’
V ^ 'ht! ) _

0.36

-
f  H  ไ'๒ 1 +
V ^ht2 J

r  r จา
๒ 1 + 22

V. A /2  J

0.63

ln 1 +  -

D๒2 y

ท
-3.12

ln
(  D  ̂

1 + —^
V

5.57

(ค.16)

-0.94
hi 2 J  

l—15.33[๒(0.5 Re, 1 )]“1485 [๒(0.5 Re,2 ) ] 15

นั่นคือ สามารถประมาณค่าความดันลดในถังนํ้าได้จาก

AP . =lan k
pu

(ค.17)
lan k
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Variables Coefficients std. Error t Sig.

*0 58.91 3.70 15.92 0.0000

X1 -0.61 0.15 -4.09 0.0001

*2 - - - -

Xa 10.55 2.38 4.44 0.0000

x4 -3.65 1.77 -2.06 0.0402

Xs -40.27 1.77 -22.69 0.0000

x6 - - - -

x7 3.01 0.56 5.37 0.0000

x8 -2.73 1.05 -2.60 0.0097

Xg 7.52 1.13 6.64 0.0000

X10 2.50 0.35 7.22 0.0000

X11 - - - -

x12 12.04 3.04 3.96 0.0001

X13 0.63 0.16 3.90 0.0001

X14 -3.12 0.65 -4.82 0.0000

x15 5.57 1.44 3.87 0.0001

X16 0.36 0.09 3.84 0.0002

X17 -0.94 0.18 -5.27 0.0000

X18 -14.85 4.20 -3.54 0.0005

X19 -15.33 1.96 -7.83 0.0000

ตารางท่ี ค.2 ผลการวิเคราะห์ความถดถอยเซิงเสินเซิงพหุ

Model Summary

R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson

0.9910 0.9820 0.981 0.093 1.747



ภาคผนวก ง
โ ป ร แ ก ร ม อ อ ก แ บ บ แ ล ะ อ อ ป ต ิไ ม ช ์ห ม ้อ น ํ้า ร ถ ย น ต ์

ในส่วนนี้จะแสดงโปรแกรมออกแบบและออปติไมช์หม้อนํ้ารถยนต์ซึ่งได้พัฒนาขึ้นโดยใช้โปรแกรม 

แกมล์ (GAMS) สำหรับโปรแกรมออกแบบและออปติไมซ์หม้อนี้ารถยนต์ จะแบ่งออกเป็น 2 ไฟล์ได้แก่

1) ไฟล์ normality.gms เป็นโปรแกรมออกแบบและออปติไมช์หม้อนี้ารถยนต์ที่ลภาวะปกติ

2) ไฟล์ uncertainty.gms เป็นโปรแกรมออกแบบและออปติไมช์หม้อนํ้ารถยนต์ภายใต้ 

ความไม่แน่นอน

1)ไฟล์ normality.gms

$ t i t l e  D e s ig n  and O p t i m i z a t io n  o f  A u to m o t iv e  R a d ia t o r s

$ o f f l i s t i n g  
O p t io n  s o l p r i n t = o f f ;

s e t  i i  /0*10/; 
a l i a s  ( i i , j j );

p a ra m e te r
น ( i i ) , v ( j j ) , f u ( i i ) , f v ( j j ) , u l ( i i )  , v l ( j j ) , f u l ( i i )  , f v l ( j j ) , f u v ( i i , j j ) ;

น ( 10 1) =0  ; น ( ' 1 1) = 1 ;
น ( ' 5 ' ) = 5  ;

น ( ' 2 1)=2 ; น ( ' 3 ' ) = 3  ; c II

น C 6 ' ) = 6 ;  น C 7 ' ) = 7 ;  
u l ( i i ) = น ( i i ) + 1 ;

น ( ' 8 ' ) = 8 ;  u ( ' 9 ' ) = 9 ; น ( ' 1 0 ' ) = 1 0  ;

V ( ' 0 1) =0  ; V ( ' 1 ' ) = 1 ;  
V ( ' 5 ' ) = 5 ,

V ( ' 2 ' ) = 2  ; V ( ' 3 ' >  =3 ; V ( ' 4 ' ) = 4  ;

V f  6 ’ ) = 6 ;  V ( ' 7  ' ) =7 ;
v l ( j j ) = v ( j j ) + l ;

V ( ' 8 1)=8 ; V ( ' 9 ' ) =  9 ; v ( ' 1 0 ' ) = 1 0 ;

f u ( ’ 0 1)=1 ; f น ( ■ 1 ' ) = 1  ; f  น ( ' 2 ' ) =2 ;
f u ( ' 3 ' ) = 6 ; f u ( ' 4 ' ) = 2 4 ; f  น ( ' 5 ' ) = 1 2 0 ;
f u ( ' 6 ' ) = 7 2 0 ;  
f u ( ' 9 ' > = 3 6 2 8 8 0 ;

f น ( ' 7 ' ) = 5 0 4 0 ;  
f u ( ' 1 0 ' > = 3 6 2 8 8 0 0 ;

f u ( ' 8 ' ) = 4 03 20 ;

f u l ( ' 0 ' ) = 1; f u l ( ' 1 1)=2 ; f u l  ( ' 2 !' )=6;
f u l ( ' 3 ' ) = 2 4 ; f u l ( 14 ’ >=120; f u l ( ' 5 1 >=720;
f u l ( ' 6 1)= 5 040 ;  
f u l ( ' 9 ' ) = 3 6 2 8 8 0 0 ;

f u l ( ' 7 ' >=40320;  
f u l ( ' 1 0 ' > = 3 9 9 1 6 8 0 0 ;

f u l  ( ' 8 1) = 3 6 2 8 8 0 ;

f v ( ' 0 , ) = l ; f v ( ' 1 ' ) = 1 ; f V ( ' 2 ' ) =2 ;
f v ( ' 3 ' ) =6 ; f V ( ' 4 ' ) =24 ; f v (  ' 5 ฯ = 1 2 0 ;
f v ( ' 6 ' ) =720 ;  
f v ( ' 9 ' > = 3 6 2 8 8 0 ;

f v ( ' 7 ' >=5040;  
f v ( ' 1 0 ' )= 3 62 88 0 0 ;

f v (  ' 8 ’ >=40320;
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f v l ( ' 0 ฯ  =1 ; f v l ( ' 1 ' ) = 2  ; f v l ( ' 2 ' ) = 6 ;
f v l ( ' 3

;ะC
\JII f v l ( ' 4 ' ) = 1 2 0 ; f v l ( ' 5 ' >=720;

f v l ( ' 6 ’ ) = 5 0 4 0 ; f v l ( ' 7 ' > = 4 0 3 2 0 ; f v l ( ' 8 ' >=36 28 80 ;
f v l ( ' 9 '> = 3 6 2 8 8 0 0 ; f v l ( ' 1 0 1>= 39916800 ;

t a b l e f u v ( i i , j j )
0 1 2 3 4 5

0 1 1 2 6 24 120
1 1 2 6 24 120 720
2 2 6 24 120 720 5040

3 6 24 120 720 5040 40320

4 24 120 720 5040 40320 362880

5 120 720 5040 40320 362880 3628800

+

6 7 8 9 10
0 720 5040 40320 362880 3628800
1 5040 40320 362880 3628800 399 16 80 0
2 40320 362880 3628800 399 16 80 0 47900 16 00

3 362880 3628800 39916800 47900 16 00 622 70 20 80 0

4 3628800 39916800 479 00 16 00 622 70 20 80 0
8717829 12 00

5 39916800 479001600 622 7020800 8717829 12 00
1.13 0 7 67 E + 1 2 ;

s c a l a r s  k , N ;
p a r a m e t e r s

u f  r a / 8 /
Vw / 6 . 6 7 e - 0 0 4 /
S t / O . 0 5 0 8 e - 3 /
L p l /  0 . 3  /
Dp i / 3 4 e - 3 /
Lp2 /  0 . 3  /
Dp 2 / 3 4 e - 3 /
D1 / 3 4 e - 3 /
D2 / 4 4 e - 3 /
z l / 2 8 e - 3 /
z2 / 1 3 e - 3 / ;

s e t  i  / C u B , A l l / ;

p a r a m e t e r s  k f i n ( i )  
k t u b e ( i ) 
t f i n ( i )  
t t u b e ( i ) 
c o s t f i n ( i ) 
d e n f i n ( i ) 
c o s t t u b e ( i ) 
d e n t u b e ( i )

/CuB 0 . 3 4 ,  A l l  
/CuB 0 . 1 0 4 ,  A l l  
/CuB 0 . 0 4 5 e - 3 , A l l  
/CuB 0 . 1 1 e - 3 ,  A l l  
/CuB 129 , A l l  
/CuB 8954,  A l l  
/CuB 123 ,  A l l  
/CuB 852 2 ,  A l l

0 . 2 4 /
0 . 1 8 6 /
0 . 0 8 e - 3 /
0 . 2 6 5 e - 3 /  
1 4 7 /
2 7 0 7 /
1 4 7 /
2 7 0 7 / ;

s c a l a r s  k f , k w a l l , F t , T t , c f , c t , c s ;
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p a r a m e t e r  q q q , P w u p , P a u p , พ , D,H;  
q q q = 3 4 . 5 ;
Pwup=10000;
Paup=14 0 ;
พ= 0 . 6 7 0 8 ;
H = 0 . 325 ;
D = 1 6 e - 3 ;

F d , T l , A f r a , T w l , T a l ,  Tw2, T a 2 , Tww2, T a a 2 , T w I , T w I I , T a l , T a l l ,
Tww, T a a , d e n a , c p a ,  v i s a ,  k a , P r a ,  d e n w , c p w , v i s w , k w , P r w ,  
d e n a l , c p a l , v i s a i , k a l , P r a l , d e n w l , c p w l , v i s w l , k w l , P r w l , 
d e n a i l , c p a I I , v i s a I I , k a I I , P r a I I ,  d e n w l I ,  c p w l I , v i s w l I , k w l I , P r w l I , 
T w r e f , T a r e f , d e n w l , d e n w 2 , v i s w l , v i s พ2 ;

* d e f i n e  p a r a m e t e r s

1 C

T w l=  9 0 . 5 5 + 2 7 3 ;
T a l =  3 1 . 7 5 + 2 7 3 ;

Tw2= 6 7 . 9 8 + 2 7 3 ;
Ta2= 5 1 . 2 0 + 2 7 3 ;  
k = l  ;
N = 1 0 0 0 ;

w h i l e  ( (k l e  N ) ,

ะ ะ ร ร
dena= 5 . 7 2 2 4 4 7 e - 8 * T a a * * 3 - 4 . 5 3 2 6 7 3 e - 5 * T a a * * 2 + 7 . 8 4 7 8 8 6 e - 3 * T a a +

1 . 3 5 9 0 2 9e+000 ;
cpa=  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a a * * 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a a * * 2 - 2 . 1 2 5 3 1 6 e - 0 0 2 * T a a +  

3 . 2 7 0 9 1 4 e + 0 0 0 ;
v i s a =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a a * * 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a a * * 2 - 7 . 0 3 8 6 0 9 e -

007 *T aa +
8 . 4 9 8 9 4 9 e - 0 0 5 ;

ka= - 5 . 4 6 9 9 9 4 e - 012 * T a a * * 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a a * * 2 - 1 . 5 9 7 8 5 1 e - 006 *T aa +
1 . 8 0 2 5 2 0 e - 0 0 4 ;

P r a = c p a * v i s a / k a ;

d e n w = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( 1 - T w w / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w w - 2 . 1 1 0 3e -4 *T w w *  *2  + 5 . 3 4 6 9 e - 7 * T w w * * 3 ) / 1 8  ; 
v i s w = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w w ) + 1 . 7 7 3 e - 2 * T w w - l . 2 6 3 1 e - 

5 * Tww* * 2 ) *  1 e - 3  ;
k w = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w w - 5 . 5 3 9 1 e - 6 * T w w * * 2 ) * l e - 3 ;
P rw= cpพ* v i  ร พ /  kw ;

T a a 2 = T a l + q q q / ( d e n a * u f r a * A f r a * c p a ) ;
T w w 2 = T w l - q q q / ( d e n w * V w * c p w ) ;

i f  ( ( a b s ( T a a 2 - T a 2 )<  l e - 3 ) a n d ( a b s ( T w w 2 - T w 2 )< l e - 3 ) ,ร ะ :■ ร ิ!“IlC



Tw2=Tww2; 
k = k + l ;
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)
) ;

d e n w l = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w l / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
d e n w 2 = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w 2 / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;

v i s w l = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7  9 2 5 e 3 ) / T w l ) + 1 . 7 7 3 e - 2 * T w l - l . 2 6 3 1 e - 5 * T w l * * 2 ) *  l e - 3 
v i s w 2 = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w 2 ) + 1 . 7 7 3 e - 2 * T w 2 - l . 2 6 3 1 e - 5 * T w 2 * * 2 ) * l e - 3

T w r e f = T w 2 - 1 0 ;
T a r e f = T a l - 1 0 ;

T w l = ( ( T w l - T w r e f ) * * 0 . 2 1 1 ) * ( ( T w 2 - T w r e f ) * * 0 . 7 8 9 ) + T w r e f ;
T a l = ( ( T a l - T a r e f ) * * 0 . 2 1 1 ) * ( ( T a 2 - T a r e f ) * * 0 . 7 8 9 ) + T a r e f ;
T w I I = ( ( T w l - T w r e f ) * * 0 . 7 8 9 ) * ( ( T w 2 - T w r e f ) * * 0 . 2 1 1 ) + T w r e f ;
T a I I = ( ( T a l - T a r e f ) * * 0 . 7 8 9 ) * ( ( T a 2 - T a r e f ) * * 0 . 2 1 1 ) + T a r e f ;

d e n a l =  5 . 7 2 2 4 4 7 e - 8 * T a I * * 3 - 4 . 5 3 2 6 7 3 e - 5 * T a I * * 2 + 7 . 8 4 7 8 8 6 e -  
3 * T a I + l . 3 5 9 0 2 9e+000 ;
c p a l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a I * * 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a I * * 2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a I + 3 . 2 7 0 9 1 4 e + 00 0 ;
v i s a l =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a I * * 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a I * * 2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a I + 8 . 4 9 8 9 4 9 e - 005 ;
k a l =  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a I * * 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a I * * 2 - 1 . 5 9 7 8 5 1 e -  
0 0 6 * T a 1 + 1 . 8 0 2 5 2 O e -0 04 ;
P r a l = c p a l * v i s a i / k a l ;

d e n w l = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w l / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w l = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w I - 2 . 1 1 0 3 e - 4 * T w I * * 2 + 5 . 3 4 6 9 e - 7 * T w I * * 3 ) / 1 8 ; 
v i s w l = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w l ) + 1 . 7 7 3 e - 2 * T w I - l . 2 6 3 1 e - 5 * T w I * * 2 ) * l e - 3  
k w l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w I - 5 . 5 3 9 1 e - 6 * T w I * * 2 ) * l e - 3 ;
P r w l = c p w l * v i s w l / k w l ;

d e n a l l =  5 . 7 2 2 4 4 7 e - 8 * T a I I * * 3 - 4 . 5 3 2 6 7 3 e - 5 * T a I I * * 2 + 7 . 8 4 7 8 8 6 e -  
3 * T a I I + 1 . 3 5 9 0 2 9 e + 0 0 0 ;
c p a l l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a I I * * 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a I I * * 2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a I I + 3 . 2 7 0 9 1 4 e + 0 0 0 ;
v i s a l l =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a I I * * 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a I I * * 2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a I I + 8 . 4 9 8 9 4 9 e - 0 0 5 ;
k a l l =  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a I I * * 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a I I * * 2 - 1 . 5 9 7 8 5 1 e -  
0 0 6 * T a I I + l . 8 0 2 5 2 0 e - 004 ;
P r a I I = c p a I I * v i s a I I / k a I I ;

d e n w l l = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w I I / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w l l = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w I I - 2 . 1 1 0 3 e - 4 * T w I I * * 2 + 5 . 3 4 6 9 e - 7 * T w I I * * 3 ) / 1 8  ; 
v i s w l l = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w I I ) + 1 . 7 7 3 e - 2 * T w I I - l . 2 6 3 1 e -  
5 * T w T I * * 2 ) * l e - 3 ;
k w l l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w I I - 5 . 5 3 9 1 e - 6 * T w I I * * 2 ) * l e - 3 ; 
P r w I I = c p w I I * v i s w I I / k w I I ;

P a r a m e t e r s
m a , Q a , m w , Q w , p , q , P a l ;

P a l = 1 0 1 3 2 5 ; 
m a = d e n a * u f r a * A f r a ;
Q a = m a * c p a * ( T a 2 - T a l )  ; 
mw=denw*Vw;
Q w = m w * c p w * ( T w l - T w 2 ) ;



p = ( T w l - T w 2 ) / ( T w l - T a l ) ;
q = ( T a 2 - T a l ) / ( T w l - T a l ) ;

I n t e g e r  v a r i a b l e  N t ,  x l , x 2 , x 6 , x 7 ;

P o s i t i v e  v a r i a b l e s
T d , F I , N m , F p ,  A p r ,  Tw, A s c ,  T p , A a ,  A f f a , A w , A f f w , A w a l l ,
u a , น พ , R e L p I , R e L p I I , L p , L a , L I , h a l , h a l l , m l , m i l , 1 ,  m i l , m i l l ,
t a n h m l l , t a n h m l l l , e f f l , e f f i l , e f f o i , e f f o i l , D h a , f a l , f a l l ,
P a l , P a l l , D h w , D l w , R e D h w I , R e D h w I I , R e D l w I , R e D l w I I , f w l , f w l l ,  
f w r l , f w r l l , f w s l , f w s l l , h w l , h w l l ,  h w s l , h w s l l , h w r l , h w r l l , P w l , P w I I , 
r , M T D , p p , e , K c , K e , P t u b e l , P t u b e l l , R e D p l , R e D p 2 , f p l , f p 2 , u p l , u p 2 , 
P p i p e , s t a t l ,  s t a t u ,  u t l ,  U t 2 ,  u t a n k ,  D h t l ,  D h t 2 ,  R e t l ,  R e t 2 , K w t a n k ,
P t a n k l , P t a n k I I , U U A I , U U A I I , UUA,P a , Pw;

F re e  v a r i a b l e  C;

E q u a t i < 29, esc, 
e 3 1 , e 3 2 , e 3 3 , e 3 4 , e 3 5 , e 3 6 , e 3 7 , e 3 8 , e 3 9 , e 4 0 , e 4 1 , e 4 2 , e 4 3 , e 4 4 , e 4 5 ,  
e 4 6 , e 4 7 , e 4 8 , e 4 9 , e 5 0 , e 5 1 , e 5 2 , e 5 3 , e 5 4 , e 5 5 , e 5 6 , e 5 7 , e 5 8 , e 5 9 , e 6 0 ,  
e 6 1 , e 6 2 , e 6 3 , e 6 4 , e 6 5 , e 6 6 , e 6 7 , e 6 8 , e 6 9 , e 7 0 , e 7 1 , e 7 2 , e 7 3 , e 7 4 , e 7 5 ,  
e 7 6 , e 7 7 , e 7 8 , e 7 9 , e 8 0 , e 8 1 , e 8 2 , e 8 3 , e 8 4 , e 8 5 , e 8 6 , e 8 7 , e 8 8 , e 8 9 , e 9 0 ,  
e 9 1 , e 9 2 , e 9 3 , e 9 4 , e 9 5 , e 9 6 , e 9 7 , e 9 8 , e 9 9 , e l 0 0 , e l 0 1 , e l 0 2 , e l 0 3 ,  
e l 0 4 , e l 0 5 , e l 0 6 , e l 0 7 ;

e l . .  Tp= e=F l+Tw ;
e 2 . .  N t = e = ( W + F l ) / T p ;
e 3 . .  N m = e = H * ( N t - 1 ) / ( 2 * F p ) ;
e 4 . . A p r = e = ( 2 * ( 2 * F p - 2 * F t ) * F d + 4 * ( T w - 2 * T t ) * F p ) * N m + 2 * T l * ( ( T d - 2 * T t ) + (Tw-
2 * T t ) ) ;
e 5 . .  A s c = e = 4 * ( F l - F t ) * F d * N r a ;
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e 6 . .  T p = e = 2 * F l+ T w ;
e 7 . .  N t = e = ( W + 2 * F 1 ) / ( ( T w + 2 * F 1 ) ) ;
e 8 . .  N m = e = 2 * H * ( N t - 1 ) / ( 2 * F p ) ;
e 9 . . A p r = e = ( ( 2 * F p - 2 * F t ) * F d + 2 * ( T w - 2 * T t ) * F p ) * N m  + 2 * T 1 * ( ( T d - 2 * T t ) + ( T w - 2 * T t ) ) 
e i o . .  A s c = e = 4 * ( F l - F t ) * F d * N m ;

ะ ! ; : :  A f f a = ^ = ^ F ^ - F t )  * ( 2 * F p - 2 * T t )  *Nm;
e l 3 . .  A w = e = 2 * N t * T l * ( ( T d - 2 * T t )  + ( T w - 2 * T t ) ) ;
e l 4 . .  A f f w = e = ( T w - 2 * T t ) * ( T d - 2 * T t ) * N t ;
e l 5 . .  A w a l l = e = 2 * N t * T l * ( ( T d - 2 * T t ) + ( T w - 2 * T t ) ) ;

e l 6 . .  นพ= e = V w / A f f w ;  
e l 7 . .  u a = e = u f r a * A f r a / A f f a ;

e l 8 . .  R e L p I = e = d e n a I * u a * L p / v i s a I ; 
e l 9 . . R e L p I I = e = d e n a I I * u a * L p / v i s a I I ;

e 2 0 . .
h a l = e = l / ( R e L p I * * 0 . 4 9 ) * ( ( L a / 9 0 ) * * 0 . 2 7 ) * ( ( L l / L p ) * * 0 . 6 8 ) * ( ( L p / F p ) * * 0 . 1 4 ) *
( ( L p / F l ) * * 0 . 2 9 ) * ( ( L p / F t ) * * 0 . 0 5 ) * ( ( L p / T d ) * * 0 . 2 3 ) * ( ( L p / ( F l + T w ) ) * *
( 0 . 2 8 ) ) * ( d e n a l * u a * c p a l / ( P r a l * * ( 2 / 3 ) ) )  ; 
e 2 1 . .
h a l l = e = l / ( R e L p I I * * 0 . 4 9 ) * ( ( L a / 9 0 ) * * 0 . 2 7 ) * ( ( L l / L p ) * * 0 . 6 8 ) * ( ( L p / F p ) * * 0 . 1 4 ) *
( ( L p / F l ) * * 0 . 2 9 ) * ( ( L p / F t ) * * 0 . 0 5 ) * ( ( L p / T d ) * * 0 . 2 3 ) * ( ( L p / ( F l + T w ) ) * *
( 0 . 2 8 ) ) * ( d e n a l l * u a * c p a l l / ( P r a l l * * ( 2 / 3 ) ) ) ;
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e 2 2 . .  m l = e = ( 2 * h a l / ( k f * F t ) ) * * 0 . 5 ;  
e 2 3 . .  m l l = e = ( 2 * h a I I / ( k f * F t ) ) * * 0 . 5 ;

e 2 4 . .  l = e = ( ( F l - F t ) + ( F p / 2 - F t / 2 ) ) / 2 ;

e 2 5 . .  m l l = e = m l * l ;  
e 2 6 . .  m l l l = e = m l l * l ;

e 2 7 . .  t a n h m l l = e = ( e x p ( m i l ) - e x p ( - m i l ) ) / ( e x p ( m i l ) + e x p ( - m i l ) ) ;  
e 2 8 . .  t a n h m l l l = e = ( e x p ( m i l l ) - e x p ( - m i l l ) ) / ( e x p ( m i l l ) + e x p ( - m i l l ) ) ;

e 2 9 . .  e f f l = e = t a n h m l l / m l l ; 
e 3 0 . .  e f f I I = e = t a n h m l I I / m l I I ;

e 3 1 . .  e f f o I = e = l - A s c / A a * ( 1 - e f f l ) ; 
e 3 2 . . e f f o I I = e = l - A s c / A a * ( 1 - e f f I I )  ;

e 3 3 . .  D h a = e = 4 * ( 2 * F p - 2 * F t ) * ( F l - F t ) / ( 4 * ( F l - F t ) + 2 * ( 2 * F p - 2 * F t ) ) ;

e 3 4 . .  f a l = e = ( 4 . 9 7 * R e L p I * * ( 0 . 6 0 4 9 -
1 . 0 6 4 / ( L a * * 0 . 2 ) ) ) * ( ( l o g ( ( F t / F p ) * * 0 . 5 + 0 . 9 ) ) * *
( - 0 . 5 2 7 ) ) * ( ( ( D h a / L p ) * l o g ( 0 . 3 * R e L p I ) ) * * ( - 2 . 9 6 6 ) ) * ( ( F p / L l ) * * ( ( - 0 . 7 9 3 1 ) *

T p / ( T p - T w ) ) ) * ( ( T p / T w ) * * ( - 0 . 0 4 4 6 ) ) * ( ( l o g ( 1 . 2 + ( L p / F p ) * * 1 . 4 ) ) * * ( - 3 . 5 5 3 ) ) *  
( L a * * ( - 0 . 4 7 7 ) ) ;

e 3 5 . .  f a l l = e = ( 4 . 9 7 * R e L p I I * * ( 0 . 6 0 4 9 -
1 . 0 6 4 / ( L a * * 0 . 2 ) ) ) * ( ( l o g ( ( F t / F p ) * * 0 . 5 + 0 . 9 ) ) * *
( - 0 . 5 2 7 ) ) * ( ( ( D h a / L p ) * l o g ( 0 . 3 * R e L p I I ) ) * * ( - 2 . 9 6 6 ) ) * ( ( F p / L l ) * * ( ( - 0 . 7 9 3 1 ) *

T p / ( T p - T w ) ) ) * ( ( T p / T w ) * * ( - 0 . 0 4 4 6 ) ) * ( ( l o g ( 1 . 2 + ( L p / F p ) * * 1 . 4 ) ) * * ( - 3 . 5 5 3 ) ) *  
( L a * * ( - 0 . 4 7 7 )  ) ;

e 3 6 . .  K e = e = 0 . 9 7 3 - 1 . 9 1 6 * ( A f f a / A f r a ) + 0 . 9 4 4 * ( ( A f f a / A f r a ) * * 2 ) ;
e 3 7 . .  K c = e = 0 . 4 0 8 - 0 . 4 0 9 * ( ( A f f a / A f r a ) * * 2 ) ;

e 3 8 . .  P a l = e = d e n a l * ( u a * * 2 ) / 2 * ( f a I * A a / A f f a + K c + K e ) ; 
e 3 9 . .  P a I I = e = d e n a I I * ( u a * * 2 ) / 2 * ( f a I I * A a / A f f a + K c + K e ) ;

e4 0 . .  Dhw=e=( 2 * ( T w - 2 * T t ) * ( T d - 2 * T t )  ) / ( ( T w - 2 * T t )  + ( T d - 2 * T t ) ) ;
e 4 1 . .  D l w = e = ( 2 / 3 + 1 1 * ( T w - 2 * T t ) * ( 2 - ( T w - 2 * T t ) / ( T d - 2 * T t ) ) / ( 2 4 * ( T d - 2 * T t ) ) ) *Dhw;

e 4 2 . . R e D h w I = e = d e n w I * u w * D h w / v i s w I ; 
e 4 3 . . R e D h w I I = e = d e n w I I * u w * D h w / v i s w I I ;

e 4 4 . . R e D l w I = e = d e n w I * u w * D l w / v i s w I ; 
e 45 .  . R e D l w I I = e = d e n w I I * u w * D l w / v j . s w I I  ;

* smoo th

e 4 6 . . f w l = e = ( 0 . 00128 + 0 . 1 1 4 3 * ( R e D l w I * * ( - 0 . 3 1 1 ) ) ) ;  
e 4 7 . .  f w l l = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I I * * ( - 0 . 3 1 1 ) ) ) ;

* r i b

e4 8 . .  f w s l = e = 0 . 0012 8 + 0 . 1 1 4 3 * ( R e D l w I * * ( - 0 . 3 1 1 ) ) ;  
e 4 9 . .  f w s l l = e = 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I I * * ( - 0 . 3 1 1 ) ) ;

e 5 0 . .  f w r l = e = 2 / ( ( 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) - 2 . 5 * l o g (2 * e / D h w ) - 2 . 5 - 2 . 5 * l o g ( 2 * (T d -  
2 * T t ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ) ) * * 2 ;



e 5 1 . .  f w r l l = e = 2 / ( ( 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) - 2 . 5 * l o g ( 2 * e / D h w ) - 2 . 5 - 2 . 5 * l o g ( 2 * (T d -  
2 * T t ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ) ) * * 2 ;

e 5 2 . .  f w l = e = ( ( T w - 2 * T t ) * f w s l + ( T d - 2 * T t ) * f w r l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
e 5 3 . .  f w l l = e = ( ( T w - 2 * T t ) * f w s l l + ( T d - 2 * T t ) * f w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;

e 5 4 . .  h w l = e = ( f w I / 2 ) * ( R e D l w I - l O O O ) * P r w I * k w I / ( D l w * ( 1 + 1 2 . 7 * ( ( f w I / 2 ) * * 0 . 5 )
* ( P r w l *  * ( 2 / 3 ) - 1 ) ) ) ;

e 5 5 . .  h w l l = e = ( f w I I / 2 ) * ( R e D l w I I -
1 0 0 0 ) * P r w I I * k w I I / ( D l w * ( 1 + 1 2 . 7 * ( ( f w I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) ) ;

e 5 6 . .  h w s l = e = ( f w s I / 2 ) * ( R e D l w I - 1 0 0 0 ) * P r w I * k w I / ( D l w * ( 1 + 1 2 . 7 * ( ( f w s I / 2 ) * * 0 . 5 ) *  
( P r w l * * ( 2 / 3 ) - 1 ) ) ) ;

e 5 7 . .  h w s l l = e = ( f w s I I / 2 ) * ( R e D l w I I - 1 0 0 0 ) * P r w I I * k w I I / ( D l w * ( 1 + 1 2 . 7 *
( ( f w s I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) )  ;

e 5 8 . .  h w r I = e = ( f w r I / 2 ) / ( 1 + ( ( f w r I / 2 ) * * 0 . 5 ) * ( 4 . 5 * (e /D h w * R e D hw I*
( ( f w r I / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w l * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) * d e n w l * น พ * c p w l ;

e 5 9 . .  h w r l l = e = ( f w r I I / 2 ) / ( 1 + ( ( f w r I I / 2 ) * * 0 . 5 ) * ( 4 . 5 * ( e / D h w * R e D h w I I *
( ( f w r I I / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w I I * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) * d e n w l l * u w * c p w l l ;

e 6 0 . .  h w l = e = ( ( T w - 2 * T t ) * h w s l + ( T d - 2 * T t ) * h w r l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
e 6 1 . .  h w l l = e = ( ( T w - 2 * T t ) * h w s l l + ( T d - 2 * T t ) * h w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;

e 6 2 . .  P t u b e l = e = d e n w l * (นพ ** 2 ) / 2 * ( f w I * A w / A f f w + 1 . 4 ) ;  
e 6 3 . .  P t u b e I I = e = d e n w I I * (นพ ** 2 ) / 2 * ( f w I I * A w / A f f w + 1 . 4 ) ;

e 6 4 . . R e D p l = e = d e n w l * u w * D p l / v i s w l ;
e 6 5 . . R e D p 2 = e = d e n w 2 * u w * D p 2 /v i s w 2 ;
e 6 6 . .  f p l = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D p l*  * ( - 0 . 3 1 1 ) ) ) ;
e 6 7 . .  f p 2 = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D p 2 * * ( - 0 . 3 1 1 ) ) ) ;
e 6 8 . .  u p l = e = V w / ( 3 . 1 4 1 6 / 4 * ( D p l * * 2 ) ) ;
e 6 9 . .  u p 2 = e = V w / ( 3 . 1 4 1 6 / 4 * ( D p 2 * * 2 ) ) ;

P p i p e = e = d e n w l * ( u p l * * 2 ) / 2 * ( 4 * f p l * L p l / D p l ) + d e n w 2 * ( u p 2 * * 2 ) / 2 * ( 4 * f p 2 * L p 2 / D p 2 ) ;

e 7 1. . s t a t l = e = d e n w l * ( z l  + z 2 + H ) * 9 . 8 ;  
e72 . . s t a t l l = e = d e n w l l * ( z l  + z 2 + H ) * 9 . 8 ;

e 7 3 . . u t l = e = V w / { พ * D l )  ;
e7 4.  . u t 2 = e = V w / ( พ * D2) ;
e 7 5 . .  u t a n k = e = ( u t l + u t 2 ) / 2 ;
e7 6.  . D h t l = e = 2 * ( พ * D l )  ;
e 7 7 . .  D h t 2 = e = 2 * ( พ * D 2 ) ;
e 7 8 . . R e t l = e = d e n w l * u t l * D h t l / v i s w l ;
e79 .  . R e t 2 = e = d e n w 2 * u t 2 * D h t 2 / v i s w 2  ;

e8 0 . . Kw ta nk= e=  ( 3 . 83e25 ) * e x p  ( ( - 0 . 6 1 * W + 1 0 . 5 5 * D - 3 . 6 5 * D ' l -  
4 0 . 2 7 * D 2 + 3 . 0 1 * z 2 ) / D h t 2 ) *
R e t l * * ( 2 . 5 - 2 . 7 3 * D h t l ) * ( R e t 2 * * ( 7 , 5 2 * D h t 2 )  ) *  ( ( l o g ( 1 + W / D h t 2 ) ) * * 1 2 . 0 4 ) *
( ( l o g ( 1 + H / D h t 2 ) ) * * 0 . 6 3 ) * ( ( l o g ( 1 + D / D h t 2 ) ) * * ( - 3 . 1 2 ) ) *
( ( l o g ( 1 + D h t l / D h t 2 ) ) * * 5 . 5 7 ) * ( ( l o g ( l  + z l / D h t 2 ) ) * * 0 . 3 6 ) *
( ( l o g ( 1  + Z 2 / D h t 2 )  ) * * ( - 0 . 9 4 ) ) * (  ( l o g ( 0 . 5 * R e t l ) ) * * ( - 1 4 . 8 5 ) ) *
( ( l o g ( 0 . 5 * R e t 2 ) ) * * ( - 1 5 . 3 3 ) )  ;

e 8 1 . . P t a n k l = e = ( d e n w l * ( u t a n k * * 2 ) ) / 2 * K w t a n k ;  
e 8 2 . .  P t a n k I I = e = ( d e n w l l * ( u t a n k * * 2 ) ) / 2 * K w t a n k ;
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e 8 3 . . P w I = e = P t a n k I - s t a t I + ( P t u b e l + P p i p e ) ; 
e 8 4 . .  P w I I = e = P t a n k I I - s t a t I I + ( P t u b e l l + P p i p e ) ;
e 8 5 . .  U U A I = e = ( 1 / ( 1 / ( e f f o I * h a I * A a ) + 1 / ( h w I * A w ) + T t / ( k w a l l * A w a l l ) ) ) ;  
e 8 6 . .  U U A I I = e = ( 1 / ( 1 / ( e f f o I I * h a I I * A a ) + 1 / ( h w I I * A w ) + T t / ( k w a l l * A w a l l ) ) ) ;  
e 8 7 . .  U U A = e = l / ( 0 . 5 * ( 1 / U U A I + l / U U A I I ) ) ;

f v ( j j ) * f v l ( ] ] ) ) * ( ( p / r ) * * น ( l i ) ) * ( ( q / r ) * * v ( j j ) ) ) ;  

e 8 9 . .  M T D = e = r * ( T w l - T a l ) ; 

e 9 0 . .  qqq=e=UUA*MTD;

e 9 1 . .  P a = e = P a l * ( 1 - ( 1 - 2 * ( 0 . 5 * U U A * ( P a l / U U A I + P a l l / U U A I I ) ) / P a l ) * * 0 . 5 ) ; 
e 9 2 . .  Pw=e=0 . 5 * U U A * ( P w l / U U A I + P w I I / U U A I I ) ;

e 9 3 . .  P a = l= P a u p ;  
e 9 4 . .  Pw=l=Pwup;

* w i t h o u t  s p l i t t e r  p l a t e

e 9 5 . .  C = e = c f * ( ( 2 * F p - 2 * F t ) + 4 * ( F l - F t ) ) * F d + c t * 2 * N t * H * ( ( T w - 2 * T t ) + ( T w - 2 * T t ) ) ;  

* w i t h  s p l i t t e r  p l a t e

e 9 6 . .  C = e = c f * ( ( 2 * F p - 2 * F t ) + 4 * ( F l - F t ) ) * F d + c t * 2 * N t * H * ( ( T w - 2 * T t ) + (Tw-  
2 * T t ) ) + C S * D * H * ( N t - 1 ) ;

e 9 7 . .  F l - L l = g = l e - 3 ;
e 9 8 . .  e / D h w * R e D h w I * ( f w r I / 2 ) * * 0 . 5 = g = 3 0 ; 
e 9 9 . .  e / D h w * R e D h w I I * ( f w r I I / 2 ) * * 0 . 5=g=30 ;

e i o o . .  e / D h w = g = 0 . 0 1 ;  
e l O l . .  e / D h w = l = 0 .04 ;

1 1
e l 0 7 . .  x 7 = e = T w * l e 4 ;

* i n i t i a l i z a t i o n

Fp . 1 = 1 . 5 e - 3 ;
F I . 1 = 8 . 2 e - 3 ;
T w . 1 = 1 . 5 e - 3  ;
L p . l = l e - 3 ;
L I . 1 = 7 . 2 e - 3 ;
L a . 1=25 ;
T d . 1 = 1 4 . 5 e - 3  ;
N t . 1 = 7 0 ;  
p p . 1 = 4 . 0 6 e - 3 ; 
e . 1 = 0 . 2 5 e - 3 ;

* ๖ ๐ นทd

F p . 1 ๐ = 0 . 0 0 0 5 0 ;
F I . 1 ๐ = 0 . 0 0 5 ;
T w . 1 ๐ = 0 . 0 0 1  ;
T d . l o = 1 0 e - 3 ;

F p . up=  0 . 0 0 2 0 0 ;  
F l . u p = 0 . 010 ;
T p . l o = F l . l o + T w . 1๐;  
T d . u p = F d ;
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L p . 1 ๐ = 0 . 0 0 1  ; 
L I . 1 ๐ = 0 . 0 0 5 ;  
L a . 1 ๐ = 2 0 ;

L p . u p = 0 . 0 0 5 ;  
L I . u p = 0 . 0 1 0 ;  
L a . u p = 3 0 ;

N t . 1๐= 10 ;  
e . l o = l e - 4 ; 
p p . l o = l e - 3 ;

N t . u p = 1 0 0 0 ; 
e . u p - 2 . 5 e - 4 ; 
p p . u p = 1 0 e - 3 ;

A f f w . 1 ๐ = 0 . 0 0 0 1 ; A f f a . 1 ๐ = 0 . 0 1 ;

u a . 1 ๐ = 1 ;
R e L p I . 1 ๐ = 1 0 0 ;  
R e L p I I . 1๐= 10 0;

u a . u p = 2 0 ;
R e L p I . u p = 1 0 0 0 ; 
R e L p I I . u p = 1 00 0 ;

D h a . 1 ๐ = 0 . 0 0 0 5 ; D ha . u p = 0 . 0 1 ;

f a l . 1 ๐ = 0 . 0 1 ;  
f a l l . 1 ๐ = 0 . 0 1 ;

f a l . u p = 0 .5  ; 
f a l l . u p = 0 . 5 ;

h a l . 1 ๐ = 0 . 0 5  ; 
h a l l . 1 ๐ = 0 . 0 5 ;

1 . 1 ๐ = 0 . 0 0 1 ;

m l .1 ๐ = 1 0 0 ;  
m i l . 1 ๐ = 1 0 0 ;

m i l . 1 ๐ = 0 . 1 ;

t a n h r a l l . 1 ๐ = 0 . 5  ; 
t a n h m l n T l o = 0  ! 5 ;

m i l l . 1 ๐ = 0 . 1 ;

e f f l . 1 ๐ = 0 . 5 ;  
e f f l l . 1 ๐ = 0 . 5 ;

e f f I . u p = l ; 
e f f l l . u p = l ;

e f f o l . 1 ๐ = 0 . 5 ;  
e f f o i l . 1 ๐ = 0 . 5 ;

e f f o l . u p = l ; 
e f f o i l . u p = l ;

นพ. 1 ๐ = 0 .0 5  ; น พ . u p = 5 ;

D hw .1 ๐ = 0 . 0 0 0 5 ;  
D l w . 1 ๐ = 0 . 0 0 0 5 ;

D h w . u p = 0 . 0 1 ;  
D l w . u p = 0 .01 ;

R eD h w I . 1 ๐ = 4 0 0 0 ;  
R e D h w I I . 1 ๐ = 4 0 0 0 ;

R e D h w I . u p = 5 e 5 ; 
R e D h w I I . up=5e5 ;

R e D l w I .1 ๐ = 2 5 0 0 ;  
R e D l w I I . 1 ๐ = 2 5 0 0 ;

f w l . 1 ๐ = 0 . 0 0 1 ;  
f w s l . 1 ๐ = 0 . 0 0 1  ; 
f w r l . 1 ๐ = 0 . 0 0 1 ;

f w l I . 1 ๐ = 0 . 0 0 1 ;  
f w s l I . 1 ๐ = 0 . 0 0 1 ;  
f w r l I . 1 ๐ = 0 . 0 0 1 ;

R e D l w I . u p = 5 e 5 ; 
R e D l w I I . u p = 5 e 5 ;

h w l . 1 ๐ = 0 . 5  ; 
h w s l . 1 ๐ = 0 . 5 ;  
h w r l . 1 ๐ = 0 . 5  ;

h w l . u p = 3 0 ; 
h w s l . u p= 3 0 ;  
h w r l . u p = 3 0 ;

h w l l . 1 ๐ = 0 . 5  ; 
h w s l l . 1 ๐ = 0 . 5  ;

h w l I . u p = 3 0 ; 
h w s l I . u p = 3 0 ;
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h w r l l . l o = 0 .5  ; h w r l l . u p = 3 0 ;

Nm.1๐= 1 0 0 0 ; Nm.u p=50000 ;
A p r . l o = 0 . 1 ; A p r . u p = 5 ;
A s c . 1๐= 1; A s c . u p = 3 0 ;
A w a l l . 1 ๐ = 0 . 1  ; A w a l l . u p = 5 ;
A w . 1 ๐ = 0 . 1 ; A w . u p = 5 ;
Aa . l o = A p r . l o + A s c . 1๐ ; A a . up=Ap r . up+As c . u p ;

P a l . 1 ๐= 100 ; P w l . 1 ๐ = 1 0 0 0 ;
P a l l . 1 ๐= 10 0 ; P w I I . 1 ๐= 10 00 ;
P t u b e l . 1 ๐ = 1 0 0 ; P t u b e l I . 1 ๐ = 1 0 0 ;
P p i p e . 1 ๐ = 0 . 0 1 ;
s t a t l . 1 ๐ = 1 0 0 ; s t a t u . 1 ๐= 100 ;
P t a n k I . 1 ๐ = 5 0 0 ; P t a n k I I . 1 ๐ = 5 0 0 ;

R e D p l . 1 ๐ = 2 0 0 0 ; ReDp2. 1 ๐ = 2 0 0 0 ;
f p l . 1 ๐ = 0 . 0 0 0 1 ; f p 2 . 1 ๐ = 0 . 0 0 0 1 ;
u p l . 1 ๐ = 0 . 0 1  ; u p 2 . 1 ๐ = 0 . 0 1 ;
u t l . 1 ๐ = 0 . 0 1 ; U t 2 . 1 ๐ = 0 . 0 1 ;
u t a n k . 1 ๐ = 0 . 0 1 ;
K w t a n k .1 ๐= 500  ;

r . 1 ๐ = 0 . 5  ;
K c . 1 ๐ = 0 . 0 1 ;

« (โ
) 0 II o ๐ M

UUAI . 1 ๐ = 0 . 0 5 ;
ซบA l l . 1 ๐ = 0 . 0 5  ;
U U A . l o = 0 . 05;

M o d e l  s m o o t h l  / e l , e 2 , e 3 , e 4 , e 5 , e l l , e l 2 , e l 3 , e l 4 ,
e l 6 , e l 7 , e l 8 , e l 9 , e 2 0 , e 2 1 , e 2 2 , e 2 3 , e 2 4 , e 2 5 , e 2 6 , e 2 7 , e 2 8 , e 2 9 , e 3 0 ,:  : ะ : H i g ร : H ; i l  : : i  : : i  : i î î :S  :
e 7 3 , e 7 4 , e 7 5 , e 7 6 , e 7 7 , e 7 8 , e 7 9 , e 8 0 , e 8 1 , e 8 2 , e 8 3 , e 8 4 , e 8 5 , e 8 6 , e 8 7 ,  
e 8 8 , e 8 9 , e 9 0 , e 9 1 , e 9 2 , e 9 3 , e 9 4 , e 9 5 , e 9 7 , e l 0 4 , e l 0 5 , e l 0 6 , e l 0 7 / ;

T— Î "ใ /  f a  ใ  ใ  û i  9  f i  " I Q  f a  1  4  _ ไ . 1ร -

e l 6 , e l 7 ^ e l 8 , e l 9 , e 2 0 ^ e 2 l [ e 2 2 ^ e 2 3 ^ e 2 4 ^ e 2 5 ^ e 2 6 , e 2 7 , e 2 8 , e 2 9 , e 3 0 ,
e 3 1 , e 3 2 , e 3 3 , e 3 4 , e 3 5 , e 3 6 , e 3 7 , e 3 8 , e 3 9 , e 4 0 , e 4 1 , e 4 2 , e 4 3 , e 4 4 , e 4 5 ,ะ ^ ; ; ^ ; ; 6°;ะ ! ะ ! 9 .ะ” ;;? !; . 7 2 ' e7 3 . e7 4 , e75.
e 7 6 , e 7 7 , e 7 8 , e 7 9 , e 8 0 , e 8 1 , e 8 2 , e 8 3 , e 8 4 , e 8 5 , e 8 6 , e 8 7 , e 8 8 , e 8 9 , e 9 0 ,
e 9 1 , e 9 2 , e 9 3 , e 9 4 , e 9 5 , e 9 7 , e 9 8 , e 9 9 , e l 0 0 , e l 0 1 , e l 0 2 , e l 0 3 ,
e l 0 4 , e l 0 5 , e l 0 6 , e l 0 7 / ;

Model  smooth2 / e 6 , e 7 , e 8 , e 9 , e i o , e l l , e l 2 , e l 3 , e l 4 , e l 5 ,

I f :  : : 11:1; I :  I ;  § : § : § : § :
e 7 3 , e 7 4 , e 7 5 , e 7 6 , e 7 7 , e 7 8 , e 7 9 , e 8 0 , e 8 1 , e 8 2 , e 8 3 , e 8 4 , e 8 5 , e 8 6 , e 8 7 ,  
e 8 8 , e 8 9 , e 9 0 , e 9 1 , e 9 2 , e 9 3 , e 9 4 , e 9 5 , e 9 7 , e l 0 4 , e l 0 5 , e l 0 6 , e l 0 7 / ;

r i b e l 6 , é i ? : " ^ ? ! ; ' ^ o ! ; l î ' ; 2 2 ? ; l ” ; L 1! ; 2 5 ' ; 2 6 , e 2 7 . e 2 8 , !!2 9 , a 3 0 .
e 3 1 , e 3 2 , e 3 3 , e 3 4 , e 3 5 , e 3 6 , e 3 7 , e 3 8 , e 3 9 , e 4 0 , e 4 1 , e 4 2 , e 4 3 , e 4 4 , e 4 5 ,

ะร ุ;:: « :  ะp : ะ« ะ ะ แ :ะ ^ :  ะ?รุ:ะ?ร : . 72, . , 3 ’ . , 4 . . , 5 .
e 7 6 , e 7 7 , e 7 8 , e 7 9 , e 8 0 , e 8 1 , e 8 2 , e 8 3 , e 8 4 , e 8 5 , e 8 6 , e 8 7 , e 8 8 , e 8 9 , e 9 0 ,

M o d e l



e 9 1 , e 9 2 , e 9 3 , e 9 4 , e 9 5 , e 9 7 , e 9 8 , e 9 9 , e l 0 0 , e l 0 1 , e l 0 2 , e l 0 3 ,
e l 0 4 , e l 0 5 , e l 0 6 , e l 0 7 / ;
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s m o o t h l . s c a l e o p t = l ; 
r i b l . s c a l e o p t = l ; 
s m o o t h 2 . s c a l e o p t = l ;  
r i b 2 . s c a l e o p t = l ;

O p t i o n  MINLP =s bb ;
O p t i o n  d e c i m a l s = 7 ;

p a r a m e t e r s  r e p o r t l ( * 1 * ) 1 r e p o r t 2 ( * , * ) , r e p o r t 3 ( * , * ) , r e p o r t 4 ( * , * ) ;  
l o o p ( i ,

k f = k f i n ( i ) ; 
k w a l l = k t u b e ( i ) ;
F t = t f i n ( i ) ;
T t = t t u b e ( i ) ;

c f = c o s t f i n ( i ) * d e n f i n ( i ) * t f i n ( i ) ; 
c t = c o s t t u b e ( i ) * d e n t u b e ( i ) * t t u b e ( i ) ; 
c s = c o s t f i n ( i ) * d e n f i n ( i ) * s t ;

s o l v e  s m o o t h l  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t l ( i , " F p " ) = F p . 1 ;
r e p o r t l ( i , " F 1 " ) = F 1 . 1 ;
r e p o r t l ( i , " L p " ) = L p . 1 ;
r e p o r 1 1 ( i , " L I " )  = L 1 . 1 ;
r e p o r t l ( i , " L a " ) = L a . 1 ;
r e p o r t l ( i , " T d " ) = T d . l ;
r e p o r t l ( i , " T w " ) = T w . l ;111
s o l v e  r i b l  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t 2 ( i , " F p " ) = F p . l ;
r e p o r t 2 ( i , " F 1 " ) = F 1 . 1 ;
r e p o r t 2 ( i , " L p " ) = L p . 1 ;
r e p o r t 2 ( i , " L I " ) = L 1 . 1 ;
r e p o r t 2 ( i , " L a " ) = L a . 1 ;
r e p o r t 2 ( i , " T d " ) = T d . l ;
r e p o r t 2 ( i , " T w " ) = T w . l ;
r e p o r t 2 ( i , " N t " ) = N t . 1 ;

ร ุ ! : : ; ; ^  i ,

53i t : S S : i ;
s o l v e  smoo th2  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t 3 ( i , " F p " ) = F p . 1 ;

r e p o r t 3 ( i , " F I " ) = F 1 . 1 ;
r e p o r t 3 ( i , " L p " ) = L p .1 ;
r e p o r t 3 ( i , " L I " ) = L 1 .1 ;
r e p o r t 3 ( i , " L a " ) = L a . 1 ;
r e p o r t 3 ( i , " T d " ) = T d . l ;
r e p o r t 3 ( i , " T w " ) = T w . 1;
r e p o r t 3 ( i , " N t " ) = N t .1 ;
r e p o r t 3 ( i , " C " ) = c . 1 ;
r e p o r t 3 ( i , " P a " ) = P a . 1 ;



r e p o r t 3 ( i , " P w " ) = P w . 1;
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s o l v e  r i b 2  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t 4 ( i , " F p " ) - F p . 1 ;
r e p o r t 4 ( i , " F I " ) = F 1 . 1 ;
r e p o r t 4 ( i , " L p " ) = L p . l ;
r e p o r t 4 ( i , " L I " ) = L 1 . 1 ;
r e p o r t 4 ( i , " L a " ) = L a .1  ;
r e p o r t 4 ( i , " T d " ) = T d . 1 ;
r e p o r t 4 ( i , " T w " ) = T w . l ;
r e p o r t 4 ( i , " N t " ) = N t . l ;

ร : :  i S b
” 2 l i : S 33;

f i l e  n l  / n l . d a t / ;  
n l . p c = 4 ; 
n l . n d = 1 0 ; 
p u t  n l ;
l o o p ( i , p u t @3,i . t l ,
0 9 , r e p o r t l ( i , " F p " ) , 
0 1 2 , r e p o r t l ( l , " F I " ) , 
@15, r e p o r t l ( i , " L p " ) ,  
0 1 7 , r e p o r t l ( i , " L I " ) , 
0 1 9 , r e p o r t l ( i , " L a " ) , 
021 ,  r e p o r t l ( i , " T d " ) , 
@23,r e p o r t l ( i , " T w " ) , 
@25,r e p o r t l ( i , " N t " ) , 
@27,r e p o r t l ( i , " C " ) , 
@29,r e p o r t l ( i , " P a " ) , 
@31, r e p o r t l ( i , " P w " ) / ) ;

f i l e  ท2 / n 2 . d a t / ;
ท2 . p c = 4 ;
ท2 . n d=10 ;  
p u t  ท2;
l o o p ( i , p u t @ 3 , i . t l ,111|: 
@35,r e p o r t 2 ( i , " L I " ) , 
@37,r e p o r t 2 ( i , " L a " ) , 
@39,r e p o r t 2 ( i , " T d " ) ,  
@41, r e p o r t 2 ( i , " T w " ) , 
@43,r e p o r t 2 ( i , " N t " ) , 
@45,r e p o r t 2 ( i , " e " ) ,  
@47,r e p o r t 2 ( i , " p " ) , 
@49,r e p o r t 2 ( i , " C " ) , 
@51,r e p o r t 2 ( i , " P a " ) , 
@53, r e p o r t 2 ( i , " P w " ) / ) ;
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f i l e  n3 / n 3 . d a t / ;
ท3 . p c = 4 ;
ท 3 . n d = 1 0 ; 
p u t  ท3;
l o o p ( i , p u t @3,i . t l ,11111 :@57,r e p o r t 3 ( i , " L I " ) ,
@59,r e p o r t 3 ( i , " L a " ) ,
@61, r e p o r t 3 ( i , " T d " ) ,
@63,r e p o r t 3 ( i , " T w " ) ,
@65, r e p o r t 3 ( i , " N t " ) ,
@67,r e p o r t 3 ( i , " c " ) ,
@69, r e p o r t 3 ( i , " P a " ) ,
@71,r e p o r t 3 ( i , " P w " ) / ) ;

f i l e  ท4 / n 4 . d a t / ;
ท4 . p c = 4 ;
ท4 . n d = l 0 ; 
p u t  ท4;
l o o p ( i , p u t @3,i . t l ,
@9,r e p o r t 4 ( i , " F p " ) ,  
@71, r e p o r t 4  <1, " F l " ) , 
@73,r e p o r t 4 ( i , " L p " ) ,  
@75,r e p o r t 4 ( i , " L I " ) , 
@77,r e p o r t 4 ( i , " L a " ) , 
@79,r e p o r t 4 ( i , " T d " ) , 
@81,r e p o r t 4 ( i , " T w " ) , 
@83,r e p o r t 4 ( i , " N t " ) , 
@85,r e p o r t 4 ( i , " e " ) , 
@87,r e p o r t 4 ( i , " p " ) , 
@89,r e p o r t 4 ( i , " C " ) , 
@91,r e p o r t 4 ( i , " P a " ) ,  
@93,r e p o r t 4 ( i , " P w " ) / ) ;



2) ไฟล์ uncertainty.gms
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$ t i t l e  D e s i g n  and  O p t i m i z a t i o n  o f  A u t o m o t i v e  R a d i a t o r s

$ o f f l i s t i n g  
O p t i o n  s o l p r i n t = o f f ;

s e t  i i  / 0 * 1 0 / ;  
a l i a s ( i i , j j  ) ;

น ( i i ) , v ( j j ) , f u ( i i ) , f v ( j j ) , u l ( i i ) , v l ( j j ) , f u l ( i i ) , f v l ( j j ) , f u v ( i i , j j ) ;

น ( ' 0 1 ) = 0 ;  น ( ' 1 ' ) = 1 ;  
น ( ' 5 ' ) = 5 ;

น { ' 2 '  ) = 2 ; น ( ' 3 '  ) = 3 ; น ( ' 4 '  ) =4 ;

น ( ' 6 ' ) =  6;  น ( ' 7 ' ) = 7 ; น ( ' 8 ' ) = 8  ; น ( ' 9 '  ) = 9 ; น ( ' 1 0 ' ) = 1 0 ;
u l ( i i ) = น ( i i ) + 1 ;

v ( ' O ' ) = 0 ;  V ( 11 ' ) = 1 ; V  ( ' 2 ' ) = 2  ; V  ( ' 3 ' ) = 3  ; V  ( ' 4 ' ) =4 ;

: ! v ร  v (  ' 7  ' ) = 7 ;  
v l ( j j ) = v ( j j ) +1 ;

V ( ' 8 1)=8 ; V  ( ' 9 ' ) = 9  ; v ( ' 1 0 ' ) = 1 0 ;

f u ( ' 0 ' ) = 1 ; f u ( ' 1 ' ) = 1 ; f  น ( ' 2 ’ ) =2 ;
f u ( ' 3 ’ ) = 6 ; f u ( ' 4 ' ) = 2 4 ; f  น ( ' 5 ’ ) = 120;
f u ( ' 6 ' ) = 7 2 0 ; f u ( ' 7 ' ) = 5 0 4 0 ; f  น ( ' 8 ' ) = 40320 ;
f u ( ' 9 ' ) = 3 6 2 8 8 0 ; f u ( ' 1 0 ' ) = 3 6 2 8 8 0 0 ;

f u l ( ' 0 ' ) = 1 ; f u l ( ' 1 ' ) = 2  ; f u l ( ' 2 ' ) =6 ;
f u l ( ’ 3 ' ) = 2 4 ; f u l ( ' 4 ' ) = 1 2 0 ; f u l ( ' 5 ' ) = 7 2 0 ;
f u l ( ' 6 ’ ) = 5 0 4 0 ; f u l ( ' 7 ' ) = 4 0 3 2 0 ; f u l  ( ’ ร , ) = 3 6 2 8 8 0 ;
f u l ( 19 ' ) =3 6 2 8 8 0 0 ; f u l ( ' 1 0 ' > = 3 9 9 1 6 8 0 0 ;

f v ( ' 0 ' ) = 1  ; f v ( ' 1 ' ) = 1 ; f v ( ' 2 ' ) =2 ;
f  V  ( 1 3 ' ) = 6 ; f v ( ’ 4 ' ) = 2 4  ; f v ( ' 5 ' ) = 120;
f v ( ' 6 ' ) = 7 2 0 ; f v ( ' 7 ' ) = 5 0 4  0 ; f  V  ( ' 8 ' ) = 4 03 20 ;
f v ( ’ 9 ' ) = 3 6 2 8 8 0 ; f v ( ' 1 0 ' > = 3 6 2 8 8 0 0 ;

f v l ( ' 0 ' ) = 1 ; f v l ( ' 1 ' ) = 2  ; f v l ( ’ 2 ' ) = 6 ;
f v l ( ' 3 ' ) = 2 4 ; f v l ( ' 4 ' ) = 1 2 0  ; f v l ( ' 5 ' ) = 7 2 0 ;
f v l ( ' 6 ' ) = 5 0 4  0 ; f v l ( ' 7 ' ) = 4 0 3 2 0 ; f v l ( ' 8  ’ ) = 3 6 2 8 8 0 ;
f v l ( ' 9 ' ) = 3 6 2 8 8 0 0 ; f v l ( ' 1 0 ’ ) = 3 9 9 1 6 8 0 0 ;

t a b le  f u v ( i i , j j )
0 1 2 3 4 5

0 1 1 2 6 24 120
1 1  2 6 24 120 720
2 2 6 24 120 720 5040

3 6 24 120 720 5040 40320

4 24 120 720 5040 40320 362880

5 120 720 5040 40320 362880 3628800

+
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6 7 8 9 10

0 720 5040 40320 362880 3628800
1 5040 40320 362880 362 88 00 39916800
2 40320 362880 3628800 39916 80 0 479001600

3 362880 3628800 39916800 47900 16 00 622 7020800

4 3628800 39916800 479001600 622 70 20 80 0
8717829 12 00

5 39916800 479001600 6227020 80 0 871 78291200
1 . 3 0 7  6 7E+ 12 ;

s c a l a r s  k , N ;  
p a r a m e t e r s

u f  ra / 8 /
Vw / 6 . 67e -004 /
S t / o . 050 8 e -3 /
L p l /  0 . 3  /
Dpi / 3 4 e - 3 /
Lp2 / 0 . 3 /
Dp 2 / 3 4 e - 3 /
D1 / 3 4 e - 3 /
D2 / 4 4 e - 3 /
z l / 2 8 e - 3 /
z2 / 1 3 e - 3 / ;

s e t  i  / C u B , A l l / ;

p a r a m e t e r s  k f i n ( i )  
k t u b e ( i )  
t f i n ( i )  
t t u b e ( i )  
c o s t f i n ( i )  
d e n f i n  ( i ) 
c o s t t u b e ( i )  
d e n t u b e { i )

s c a l a r s  k f , k w a l l , F t , T t , c f , c t , c s ;

p a r a m e t e r  q q q , P w u p , P a u p , พ, จ ,  H;
q q q = 3 4 . 5 ;
Pwup=10 00 0 ;
Pa up=140 ;
พ==0.6708 ;
H = 0 .3 25  ;
D = 1 6 e -3 ;

F d , T l , A f  r a , T w l , T a 1 , Tw2, T a 2 , Tww2, T a a 2 , T w I , T w I I , T a l , T a l l ,
Tww, Taa ,  d e n a ,  c p a ,  v i s a ,  k a ,  P r a ,  denw,  cpw, v i s w ,  kw, Prw,
d e n a l , c p a l , v i s a i , k a l , P r a l , d e n w l , c p w l , v i s w l , k w l , P r w l ,
d e n a I I , c p a l I , v i s a i l , k a l i , P r a I I , d e n w l l , c p w l I , v i s w l I , k w l I , P r w l I ,
T w r e f , T a r e f , d e n w l , den w2 , v i s w l , v i s w 2 ; *

* d e f i n e  p a r a m e t e r s
Fd=D;
T1=H;

/CuB 0 . 3 4 ,  A l l  0 . 2 4 /
/CuB 0 . 1 0 4 ,  A l l  0 . 1 8 6 /
/CuB 0 . 0 4 5 e - 3 , A l l  0 . 0 8 e - 3 /  
/CuB 0 . 1 1 e - 3 ,  A l l  0 . 2 6 5 e - 3 /  
/CuB 129 , A l l  1 4 7 /
/CuB 8954,  A l l  2 7 0 7 /
/CuB 123,  A l l  1 4 7 /
/CuB 8522, A l l  2 7 0 7 / ;



A f r a = W * H ;
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T w l=  9 0 . 5 5 + 2 7 3 ;
T a l =  3 1 . 7 5 + 2 7 3 ;

Tw2= 6 7 . 9 8 + 2 7 3 ;
Ta2= 5 1 . 2 0 + 2 7 3 ;

N =1 00 0;

w h i l e  ( (k  l e  N ) ,

T a p i r s  /  T p i  า  4 - T p i ?  พ  9  ;

พ น ™ ! /

dena=  5 . 7 2 2 4 4 7 e - 8 * T a a * * 3 - 4 . 5 3 2 6 7 3 e - 5 * T a a * * 2 + 7 . 8 4 7 8 8 6 e - 3 * T a a +
1 . 359 02 9e + 0 00 ;

cpa=  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a a * * 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a a * * 2 - 2 . 1 2 5 3 1 6 e - 0 0 2 * T a a +  
3 . 2 7 0 9 1 4 e + 0 0 0 ;

v i s a =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a a * * 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a a * * 2 - 7 . 0 3 8 6 0 9 e -
0 0 7 *T aa +

8 . 4 9 8 9 4 9 e - 0 0 5 ;
ka= - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a a * * 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a a * * 2 - l . 5 9 7 8 5 1 e - 0 0 6 * T a a +

1 . 8 0 2 5 2 0 e - 0 0 4 ;
P r a = c p a * v i s a / k a  ;

d e n w = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w w / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0  ; 
cpw= ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w w - 2 . 1 1 0 3 e - 4 * T w w * * 2 + 5 . 34 6 9 e - 7 * T w w * * 3 ) / 1 8 ; 
v i s w = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7  9 2 5 e 3 ) / T w w ) + 1 . 7 7 3 e - 2 * T w w - l . 2 6 3 1 e -  

5 * T w w * * 2 ) * l e - 3 ;
k w = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w w - 5 . 5 3 9 1 e - 6 * T w w * * 2 ) * l e - 3 ;
P r w = c p w * v i s w / k w ;

T a a 2 = T a l + q q q / ( d e n a * u f r a * A f r a * c p a ) ;
T w w 2 = T w l - q q q / ( d e n w * V w * c p w ) ;

i f  ( ( a b s ( T a a 2 - T a 2 )<  l e - 3 ) a n d ( a b s ( T w w 2 - T w 2 ) < l e - 3 ) ,

k= N+3 ; 
e l s e

T a 2 = T a a 2 ;
Tw2=Tww2; 
k = k + l ;

) ;
) ;

d e n w l = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w l / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
d e n w 2 = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( 1 - T W 2 / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;

v i s w l = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7  9 2 5 e 3 ) / T w l ) + 1 . 7 7 3 e - 2 * T w l - l . 2 6 3 1 e - 5 * T w l * * 2 ) * l e - 3 ;  
V i s w 2 = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w 2 ) + 1 . 7 7 3 e - 2 * T w 2 - l . 2 6 3 1 e - 5 * T w 2 * * 2 ) * l e - 3 ;

T w r e f = T w 2 - 1 0 ;
T a r e f = T a l - 1 0 ;

T w l = ( ( T w l - T w r e f ) * * 0 . 2 1 1 ) * ( ( T w 2 - T w r e f ) * * 0 . 7 8 9 ) + T w r e f ;
T a l = ( ( T a l - T a r e f ) * * 0 . 2 1 1 ) * ( ( T a 2 - T a r e f ) * * 0 . 7 8 9 ) + T a r e f ;
T w l 1 = ( ( T w l - T w r e f ) * * 0 . 7 8 9 ) * ( ( T w 2 - T w r e f ) * * 0 . 2 1 1 ) + T w r e f ;



T a I I = ( ( T a l - T a r e f ) * * 0 . 7 8 9 ) * ( ( T a 2 - T a r e f ) * * 0 . 2 1 1 ) + T a r e f  ; 1 68

d e n a l =  5 . 7 2 2 4 4 7 e - 8 * T a I * * 3 - 4 . 5 3 2 6 7 3 e - 5 * T a I * * 2 + 7 . 8 4 7 8 8 6 e -  
3 * T a I + l . 3 5 9 0 2 9 e+ 000 ;
c p a l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a I * * 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a I * * 2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a I + 3 . 2 7 0 9 1 4 e + 0 0 0 ;
v i s a l =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a I * * 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a I * * 2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a 1 + 8 . 4 9 8 9 4 9 e - 005 ;
k a l =  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a I * * 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a I * * 2 - l . 5 9 7 8 5 1 e -  
0 0 6 * T a I + l . 8 0 2 5 2 0 e - 004 ;
P r a l = c p a l * v i s a l / k a l ;

d e n w l = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w I / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w l =  ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w I - 2 . 1 1 0 3 e - 4 * T w I * * 2 + 5 ^ 3 4 6 9 e - 7 * T w I * * 3 ) / 1 8 ;  
v i s w l = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w I ) + 1 . 7 7 3 e - 2 * T w I - l .2 6 3 1 e - 5 * T w I * * 2 } * l e - 3 ; 
k w l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w I - 5 . 5 3 9 1 e - 6 * T w I * * 2 ) * l e - 3 ;
P r w l = c p w l * v i s w l / k w l  ;

d e n a l l =  5 . 7 2 2 4 4 7 e - 8 * T a I I * * 3 - 4 . 5 3 2 6 7 3 e - 5 * T a I I * * 2 + 7 . 84788 6 e -  
3 * T a I I + l . 3 5 9 0 2 9 e + 0 0 0 ;
c p a l l =  - 6 . 7 7 2 3 9 8 e - 0 0 8 * T a I I * * 3 + 6 . 5 9 7 0 9 0 e - 0 0 5 * T a I I * * 2 - 2 . 1 2 5 3 1 6 e -  
0 0 2 * T a I I + 3 . 2 7 0 9 1 4 e +000 ;
v i s a l l =  - 2 . 3 9 8 6 2 7 e - 0 1 2 * T a 1 1 * * 3 + 2 . 3 2 6 9 2 5 e - 0 0 9 * T a I I * * 2 - 7 . 0 3 8 6 0 9 e -  
0 0 7 * T a I I + 8 . 4 9 8 9 4 9 e - 0 0 5 ;
k a l l =  - 5 . 4 6 9 9 9 4 e - 0 1 2 * T a I I * * 3 + 5 . 2 5 4 4 7 8 e - 0 0 9 * T a I I * * 2 - l . 5 9 7 8 5 1 e -  
0 0 6 * T a I I + l . 80 2 5 2 0 e - 004 ;
P r a I I = c p a I I * v i s a I I / k a I I  ;

d e n w l l = ( 0 . 3 4 7 1 * 0 . 2 7 4 * * ( - ( l - T w I I / 6 4 7 . 1 3 ) * * 0 . 2 8 5 7 1 ) ) * 1 0 0 0 ;  
c p w l l = ( 9 2 . 0 5 3 - 3 . 9 9 5 3 e - 2 * T w I I - 2 . 1 1 0 3 e - 4 * T w I I * * 2 + 5 . 3 4 6 9 e - 7 * T w I I * * 3 ) / 1 8  ; 
v i s w l l = 1 0 * * ( - 1 0 . 2 1 5 8 + ( ( 1 . 7 9 2 5 e 3 ) / T w I I ) + 1 . 7 7 3 e - 2 * T w I I - l .2  6 3 1 e -  
5 * T w I I * * 2 ) * l e - 3 ;
k w l l = ( - . 2 7 5 8 + 4 . 6 1 2 e - 3 * T w I I - 5 . 5 3 9 1 e - 6 * T w I I * * 2 ) * l e - 3 ; 
P r w I I = c p w I I * v i s w I I / k w I I ;

P a r a m e t e r s
m a , Qa,m w,Qw ,p,  q ,  P a l  ;

P a l = 1 0 1 3 2 5 ; 
m a = d e n a * u f r a * A f r a ;
Q a = m a * c p a * ( T a 2 - T a l ) ; 
mw=denw*Vw;
Qw=mพ * c p w * ( T w l - T w 2 ) ;

p = ( T w l - T w 2 ) / ( T w l - T a l )  ; 
q = ( T a 2 - T a l ) / ( T w l - T a l ) ;

I n t e g e r  v a r i a b l e  N t , x l , x 2 , x 6 , x 7 ;

P o s i t i v e  v a r i a b l e s
T d , F I , N m , F p , A p r , T w , A s c , T p , A a , A f f a , A w , A f f w , A w a l l ,
u a , น พ , R e L p I , R e L p I I , L p , L a , L I , h a l , h a l l , h a l l , h a u l , h a l l I , h a u l I ,

m l , ml  I , m _ l I , m _ u l , m _ l 1 1 , m _ u l 1 , 1 , m l I , m l 1 1 , m l _ l I , m l _ l 1 1 , m l _ u l , m l _ u l I ,
t a n h m l l , t a n h m l l l , t a n h m l _ l l , t a n h m l _ l l l , t a n h m l _ u l , t a n h m l _ u l l , 
e f f l , e f f l l , e f f _ l l , e f f _ u l , e f f _ l l l , e f f _ u l l , 
e f f o I , e f f o I I , e f f o _ l I , e f f o _ l I I , e f f o _ น ! , e f f o _ u I I ,
Dha, f a l , f a l l , f a l l , f a u l , f a l l I , f a u l l ,
P a l ,  P a l l ,  P a l l ,  P a i n ,  P a u l ,  P a u l i ,
D h w , D lw , R e D h w I , R e D h w I I , R e D l w I , R e D l w I I , 
f w l ,  f w l l , f w l l , f w l l l , f w u l , f w u l l ,



f w r l , f w r l l , f w r l l , f w r l l l , f w r u l ,  f w r u l l ,  
f w s l , f w s l l , f w s l l , f w s l l l , f w s u l , f w s u l l ,

h w l , h w l l , h w l l , h w l l l , h w u l , h w u l l , h w s l , h w s l l , h w s l l , h w s l l l , h w s u l , h w s u l l ,

h w r l , h w r l l , h w r l l , h w r l l l , h w r u l , h w r u l l , P w l ,P w I I ,P w lI ,P w lI I ,P w u l ,P w u I I ,  
r , M T D , p p , e , K c , K e , P t u b e l , P t u b e l l , R e D p l,R e D p 2 , f p l , f p 2 , u p l , u p 2 ,  
P p i p e , s t a t l , s t a t u ,  u t l ,  U t2 ,  u ta n k ,  D h t l ,  D h t2 , R e t l ,  R e t 2 , Kwtank, 
P t a n k i ,P t a n k I I ,U U A I ,U U A I I ,U U A ,P a ,P w ,P a l ,P a u ,P w l ,P w u ;
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F r e e  v a r i a b l e  C;

ร ? ร ร ร ร ร ร ร 22? ร ? e2:ร 2 ร 2 6 ? ร ร ร ุ ่ , * 2 9 , « 3 0 ,
e 3 1 , e 3 2 , e 3 3 , e 3 4 , e 3 5 , e 3 6 , e 3 7 , e 3 8 , e 3 9 , e 4 0 , e 4 1 , e 4 2 , e 4 3 , e 4 4 , e 4 5 ,
e 4 6 , e 4 7 , e 4 8 , e 4 9 , e 5 0 , e 5 1 , e 5 2 , e 5 3 , e 5 4 , e 5 5 , e 5 6 , e 5 7 , e 5 8 , e 5 9 , e 6 0 ,
e 6 1 , e 6 2 , e 6 3 , e 6 4 , e 6 5 , e 6 6 , e 6 7 , e 6 8 , e 6 9 , e 7 0 , e 7 1 , e 7 2 , e 7 3 , e 7 4 , e 7 5 ,
e 7 6 , e 7 7 , e 7 8 , e 7 9 , e 8 0 , e 8 1 , e 8 2 , e 8 3 , e 8 4 , e 8 5 , e 8 6 , e 8 7 , e 8 8 , e 8 9 , e 9 0 ,
e 9 1 , e 9 2 , e 9 3 , e 9 4 , e 9 5 , e 9 6 , e 9 7 , e 9 8 , e 9 9 , e l 0 0 , e l 0 1 , e l 0 2 , e l 0 3 ,

e l 0 4 , e l 0 5 , e l 0 6 , e l 0 7 , b l , b 2 , b 3 , b 4 , b 5 , b 6 , b 7 , b 8 , b 9 , b l 0 , b l l , b l 2 , b l 3 , b l 4 , b l 5 ,  
๖ 1 6 , ๖ 1 7 , ๖ 1 8 , ๖ 1 9 , ๖ 2 0 , ๖ 2 1 , ๖ 2 2 , ๖ 2 3 , ๖ 2 4 , ๖ 2 5 , ๖ 2 6 , ๖ 2 7 , ๖ 2 8 , ๖ 2 9 , ๖ 3 0 ,
๖ ร ิ ! , ๖ 3 2 , ๖ 3 3 , ๖ 3 4 , ๖ 3 5 , ๖ 3 6 , ๖ 3 7 , ๖ 3 8 , ๖ 3 9 , ๖ 4 0 ,  ๖ 4 1 , ๖ 4 2 , ๖ 4 3 , ๖ 4 4 ,  
c l , c 2 , c 3 , c 4 , c 5 , c 6 , c 7 , c 8 , c 9 , c l 0 , c l l , c l 2 , c l 3 , c l 4 ,
c l 5 , c l 6 , c l 7 , c l 8 , c l 9 , c 2 0 , c 2 1 , c 2 2 , c 2 3 , c 2 4 , c 2 5 , c 2 6 , c 2 7 , c 2 8 , c 2 9 , c 3 0 ,
c 3 1 , c 3 2 , c 3 3 , c 3 4 , c 3 5 , c 3 6 ;

e l . .  Tp= e=F l+ Tw ;  
e 2 . .  N t = e = ( W + F l ) / T p ;

e 4 ! ! A p r = e = ( 2 * ( 2 * F p - 2 * F t ) * F d + 4 * ( T w - 2 + T t ) * F p ) * N m + 2 * T l * ( ( T d - 2 * T t )  + (Tw-  
2 * T t ) ) ;
e 5 . .  A s c = e = 4 * ( F l - F t ) * F d * N m ;  
e 6 . .  T p = e = 2 * F l+ T w ;
รา ..  N t = e = ( W + 2 * F 1 ) / ( ( T w + 2 * F 1 ) ) ; 
e 8 . .  N m = e = 2 * H * ( N t - 1 ) / ( 2 * F p ) ;
e 9 . .  A p r = e = ( ( 2 * F p - 2 * F t ) * F d + 2 * ( T w - 2 * T t ) * F p ) * N m  + 2 * T l * ( ( T d - 2 * T t ) + ( T w - 2 + T t ) )  
e i o . .  A s c = e = 4 + ( F l - F t ) * F d * N m ;

ร : :  1̂ - » , , ,
e l 3 . .  A w = e = 2 * N t * T l * ( ( T d - 2 * T t )  + ( T w - 2 * T t ) ) ;
e l 4 . .  A f f w = e = ( T w - 2 * T t ) * ( T d - 2 * T t ) * N t ;
e l 5 . .  A w a l l = e = 2 * N t * T l * ( ( T d - 2 * T t ; + ( T w - 2 * T t ) ) ;

e l 6 . .  นพ= e = V w / A f f w ;  
e l l . .  u a = e = u f r a * A f r a / A f f a ;

e l 8 .  . R e L p I = e = d e n a I * u a * L p / v i s a i  ; 
e l 9 . . R e L p I I = e = d e n a I I * u a * L p / v i s a I I ;

h a l - e = l / ( R e L p I * * 0 . 4 9 ) * (  ( L a / 9 0 ) * * 0 . 2 7 ) * ( ( L l / L p ) * * 0 . 6 8 ) *  ( ( L p / F p ) * * 0 . 1 4 ) *
( ( L p / F l ) * * 0 . 2 9 ) * ( ( L p / F t ) * * 0 . 0 5 ) * ( ( L p / T d ) * * 0 . 2 3 ) * ( ( L p / ( F l + T w ) ) * *
( 0 . 2 8 ) ) * ( d e n a l * u a * c p a l / ( P r a l * * ( 2 / 3 ) ) ) ;

๖ 1 . .  h a l l = e = 0 . 8 5 * h a l ; 
๖ 2 . .  h a u l = e = l . 1 5 * h a l ;



h a l l = e = l / ( R e L p I I * * 0 . 4 9 ) * ( ( L a / 9 0 ) * * 0 . 2 7 ) * ( ( L l / L p ) + * 0 . 6 8 ) * ( ( L p / F p ) + * 0 . 1 4 ) *
( ( L p / F l ) * * 0 . 2 9 ) * ( ( L p / F t ) * + 0 . 0 5 ) * ( ( L p / T d ) * * 0 . 2 3 ) + ( ( L p / ( F l + T w ) ) * *
( 0 . 2 8 ) ) * ( d e n a l l * u a * c p a l l / ( P r a l l * * ( 2 / 3 ) ท ;  170

c l . .  h a l l l = e = 0 . 8 5 * h a I I ; 
c 2 . .  h a u l l = e = l . 1 5 * h a I I ;

m T = p =  ( ? * h s T /  * * ท ร  .

b3  ; •  Ï ï i : l = * 2 ^ 1 ï / U f i ^ n * * ô . 5 ,
๖ 4 . .  m ~ u l = e = ( 2 * h a u l / ( k f * F t ) ) * * 0 . 5 ;

e 2 3 . .  m l l = e = ( 2 * h a I I / ( k f * F t ) ) * * 0 . 5;  
c 3 . .  m _ l l l = e = ( 2 * h a l I I / ( k f * F t ) ) + * 0 . 5 ;  
c 4 . .  m_นI I = e = ( 2 * h a u I I / ( k f * F t ) ) * * 0 . 5;

e 2 4 . .  l = e = ( ( F l - F t ) + ( F p / 2 - F t / 2 ) ) / 2 ;

e 2 5 . .  m l l = e = m l * l ;
๖ 5 . .  m l _ l l = e = m _ l l * l ;
๖ 6 . .  m l _ นI = e = m _ u l * l ;

e 2 6 . . m l l l = e = m l l * l ; 
c 5 . .  m l _ l l l = e = m _ l l l * l ; 
c 6 . .  m l _ นI I = e = m _ u I I + l ;

e 2 7 . .  t a n h m l l = e = ( e x p ( m i l ) - e x p ( - m i l ) ) / ( e x p ( m i l ) + e x p ( - m i l ) ) ;
๖ 7 . .  t a n h m l _ l l = e = ( e x p ( m l _ l l ) - e x p ( - m l _ l l ) ) / ( e x p ( m l _ l l ) + e x p ( - m l _ l l ) ) ;
๖ 8 . .  t a n h m l _ u l = e = ( e x p ( m l _ u l ) - e x p ( - m l _ u l ) ) / ( e x p ( m l _ u l ) + e x p ( - m l _ u l ) ) ;

e 2 8 . .  t a n h m l l l = e = ( e x p ( m i l l ) - e x p ( - m i l l ) ) / ( e x p ( m i l l ) + e x p ( - m i l l ) ) ;
๐ 7 . .  t a n h m l _ l l l = e = ( e x p ( m l _ l l l ) - e x p ( - m l _ l l l ) ) / ( e x p ( m l _ l l l ) + e x p ( - m l _ l l l ) )  
c 8 . .  t a n h m l _ นI I = e = ( e x p ( m l _ u l l ) - e x p ( - m l _ u l l ) ) / ( e x p ( m l _ u l l ) + e x p ( - m l _ u l l ) )  
e 2 9 . .  e f f I = e = t a n h m l l / m l l ;
๖ 9 . .  e f f _ l l = e = t a n h m l _ l l / m l _ l l ;
๖ 1 0 . .  e f f _ u l = e = t a n h m l _ u l / m l _ u l ;

e 3 0 . . e f f l l = e = t a n h m l l l / m l l l ; 
c 9 . .  e f f _ l l l = e = t a n h m l _ l l l / m l _ l l l ; 
c i o . . e f f _ นI I = e = t a n h m l _ u I I / m l _ u I I ;

e 3 1 . .  e f f o I = e = l - A s c / A a * ( 1 - e f f I ) ;
๖ 1 1 . .  e f f o _ l I = e = l - A s c / A a * ( l - e f f _ l l ) ;
๖ 1 2 . .  e f f o _ นI = e = l - A s c / A a * ( l - e f f _ u l ) ;

e 3 2 . .  e f f o I I = e = l - A s c / A a * ( 1 - e f f I I ) ;  
e l l . . e f f o _ l I I = e = l - A s c / A a * ( l - e f f _ l l l ) ; 
c l 2 . . e f f o _ นI I = e = l - A s c / A a * ( l - e f f _ u l l ) ;

e 3 3 . .  D h a = e = 4 * ( 2 * F p - 2 * F t ) + ( F l - F t ) / ( 4 * ( F l - F t ) + 2 * ( 2 * F p - 2 * F t ) ) ;  

e 3 4 . .
f a l = e = ( 4 . 9 7 * R e L p I * * ( 0 . 6 0 4 9 - 1 . 0 6 4 / ( L a * * 0 . 2 ) ) ) * ( ( l o g ( ( F t / F p ) * * 0 . 5 + 0 . 9 ) ) * *  
( - 0 . 5 2 7 ) ) * ( ( ( D h a / L p ) * l o g ( 0 . 3 * R e L p I ) ) * * ( - 2 . 9 6 6 ) ) * ( ( F p / L l ) * * ( ( -  
0 . 7 9 3 1 ) * T p / ( T p - T w ) ) ) * ( ( T p / T w ) * * ( -  0 . 0 4 4 6 ) ) + ( ( l o g ( 1 . 2 + ( L p / F p ) * + 1 . 4 ) ) * * ( -  
3 . 5 5 3 )  ) + ( L a * * ( - 0 . 4 7 7 )  ) ;

๖ 1 3 . .  f a l l = e = l . 1 5 * f a l ;
๖ 1 4 . .  f a u l = e = 0 . 8 5 + f a I ;

e21. .
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e 3 5 . .  f a l l = e = ( 4 . 9 7 * R e L p I I * * ( 0 . 6 0 4 9 -
1 . 0 6 4 / ( L a * * 0 . 2 ) ) ) * ( ( l o g ( ( F t / F p ) * * 0 . 5 + 0 . 9 ) ) * * ( -
0 . 5 2 7 ) ) * ( ( ( D h a / L p ) * l o g ( 0 . 3 * R e L p I I ) ) * * ( - 2 . 9 6 6 ) ) * ( ( F p / L l ) * * ( ( - 0 . 7 9 3 1 ) *

T p / ( T p - T w ) ) ) * ( ( T p / T w ) * * ( - 0 . 0 4 4 6 ) ) * ( ( l o g ( 1 . 2 + ( L p / F p ) * * 1 . 4 ) ) * * ( -  
3 . 5 5 3 ) ) * ( L a * * ( - 0 . 4 7 7 ) ) ;

c l 3 . .  f a l l l = e = l . 1 5 * f a l l ; 
c l 4 . .  f a u l l = e = 0 . 8 5 * f a I I ;

e 3 6 . .  K e = e = 0 . 9 7 3 - 1 . 9 1 6 *  ( A f f a / A f r a ) + 0 . 9 4  4 * ( ( A f f a / A f r a ) * * 2 ) ;K E S 5 E
S I : :  ,
c l 6 . . P a u I I = e = d e n a I I * ( u a * * 2 ) / 2 * ( f a u I I * A a / A f f a + K c + K e ) ;

e4 0 . .  D h w = e = ( 2 * ( T w - 2 * T t ) * ( T d - 2 * T t ) ) / ( ( T w - 2 + T t )  + ( T d - 2 * T t ) ) ;
e 4 1 . .  D l w = e = ( 2 / 3 + 1 1 * ( T w - 2 * T t ) * ( 2 - ( T w - 2 * T t ) / ( T d - 2 * T t ) ) / ( 2 4 * ( T d - 2 * T t ) ) ) *Dhw;

e 4 2 . . R e D h w I = e = d e n w I * u w * D h w / v i s w I ; 
e 4 3 . . R e D h w I I = e = d e n w I I * u w * D h w / v i s w I I ;

e 4 4 . . R e D l w I = e = d e n w I * u w * D l w / v i s w I ; 
e 4 5 . . R e D l w I I = e = d e n w I I * u w * D l w / v i s w I I ;

* s m o o t h

e 4 6 . . f w l = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I * * ( - 0 . 3 1 1 ) ) ) ;
๖ 1 7 . .  f w l l = e = 0 . 8 5 * f w l  ;
๖ 1 8 . .  f w u l = e = l . 1 5 * f w l  ;
e 4 7 . .  f w l l = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I I * * ( - 0 . 3 1 1 ) ) ) ;  
c l 7 . .  f w l l l = e = 0 . 8 5 * f w I I ; 
c l 8 . .  f w u l l = e = l . 1 5 * f w l l ;

* r i b

e4 8 . .  f w s l = e = 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I * * ( - 0 . 3 1 1 ) ) ;
๖ 1 9 . .  f w s l l = e = 0 . 8 5 * f w s l ;
๖ 2 0 . .  f w s u l = e = l . 1 5 * f w s l ;

e4 9 . .  f w s l l = e = 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D l w I I * * ( - 0 . 3 1 1 ) ) ;  
c l 9 . . f w s l l l = e = 0 . 8 5 * f w s I I  ; 
c 2 0 . . f w s u l l = e = l . 1 5 * f w s I I ;

e50 . . f w r l = e = 2 / ( ( 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) - 2 . 5 * l o g ( 2 * e / D h w ) - 2 . 5 - 2 . 5 * l o g ( 2 * (T d -  
2 * T t ) / ( ( T w - 2 * T t )  + ( T d - 2 * T t ) ) )  ) * * 2 ;

๖ 2 1 . .  f w r l l = e = 0 . 8 5 * f w r l ;
๖ 2 2 . .  f w r u l = e = l . 1 5 * f w r l ;

e 5 1 . . f w r l l = e = 2 / ( ( 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) - 2 . 5 * l o g ( 2 * e / D h w ) - 2 . 5 - 2 . 5 * l o g ( 2 * ( T d -  
2 * T t ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ) ) * * 2 ;

c 2 1 . .  f w r l l l = e = 0 . 8 5 * f w r I I  ; 
c 2 2 . .  f w r u l l = e = l . 1 5 * f w r I I ;

e 5 2 . .  fw l= e= ( ( T w - 2 * T t ) * f w s l + ( T d - 2 * T t ) * f w r l ) / ( (T w -2 * T t) + ( T d - 2 * T t ) ) ;
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๖ 2 3 . .  f w l l = e = ( ( T w - 2 * T t ) * f w s l l + ( T d - 2 * T t ) * f w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
b 2 4 . . f w u l = e = ( ( T w - 2 * T t ) * f w s u l + ( T d - 2 * T t ) * f w r u l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;

e 5 3 . .  f w l l = e = ( ( T w - 2 * T t ) * f w s l l + ( T d - 2 * T t ) * f w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
c 2 3 . .  f w l l l = e = ( ( T w - 2 * T t ) * f w s l l l + ( T d - 2 * T t ) * f w r l l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
c 2 4 . .  f w u l l = e = ( ( T w - 2 * T t ) * f w s u l l + ( T d - 2 * T t ) * f w r u l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;

e 5 4 . .  h w l = e = ( f w I / 2 ) * ( R e D l w I - 1 0 0 0 ) * P r w I * k w I / ( D l w * (1 + 1 2 . 7 * ( ( f w I / 2 ) *  * 0 . 5 ) *  
( P r w l * * ( 2 / 3 ) - 1 ) ) } ;

b 2 5 . .  h w l l = e = 0 . 8 5 * ( f w l I / 2 ) * ( R e D lw I -
1 0 0 0 ) * P r w I * k w I / ( D l w * ( 1 + 1 2 . 7 * ( ( f w l I / 2 ) * * 0 . 5 ) * ( P r w l * * ( 2 / 3 ) - 1 ) ) ) ;  

b 2 6 . . h w u l = e = l . 1 5 * ( f w u I / 2 ) * ( R e D lw I -
1000)  * P r w I * k w I /  ( D l w * ( 1 + 1 2 . 7 * ( ( f w u I / 2 ) * * 0 . 5 ) * ( P r w l * * ( 2 / 3 ) - 1 ) ) ) ;  

e 5 5 . .  h w l l = e = ( f w I I / 2 ) * ( R e D l w I I -
1 0 0 0 ) * P r w I I * k w I I / ( D l w * (1 + 1 2 . 7 * ( ( f w I I / 2 ) *  * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) ) ;

c 2 5 . .  h w l l l = e = 0 . 8 5 * ( f w l I I / 2 ) * ( R e D l w I 1 - 1 0 0 0 ) * P r w I I * k w I I / ( D l w * ( 1 + 1 2 . 7 *
( ( f w l I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) )  ;

c 2 6 . . h w u l l = e = l . 1 5 * ( f w u I I / 2 ) * ( R e D l w I I - 1 0 0 0 ) * P r w l I * k w l l / ( D l w * ( 1 + 1 2 . 7 *
( ( f w u I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) )  ;

e 5 6 . .  h w s l = e = ( f w s I / 2 ) * ( R e D lw I -
1 0 0 0 ) * P r w I * k w I / ( D l w * ( 1 + 1 2 . 7 * ( ( f w s I / 2 ) * * 0 . 5 ) * ( P r w l * * ( 2 / 3 ) - 1 ) ) ) ;

๖2า . . h w s l l = e = 0 . 8 5 * ( f w s l I / 2 ) * ( R e D l w I - 1 0 0 0 ) * P r w I * k w I / ( D l w * ( 1 + 1 2 . 7 *
( ( f w s l I / 2 ) * * 0 . 5 ) * ( P r w l * * ( 2 / 3 ) - 1 )  ) ) ;

b 2 8 . .  h w s u l = e = l . 1 5 * ( f w s u I / 2 ) * ( R e D l w I - 1 0 0 0 ) * P r w I * k w I / ( D l w * ( 1 + 1 2 . 7 *
( ( f w s u I / 2 ) * * 0 . 5 ) * ( P r w l * * ( 2 / 3 ) - 1 ) ) ) ;  
e 5 7 . .  h w s l l = e = ( f w s I I / 2 ) * ( R e D l w I I -
1 0 0 0 ) * P r w I I * k w I I / ( D l w * ( 1 + 1 2 . 7 * ( ( f w s I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) ) ;

c 2 7 . .  h w s l l l = e = 0 . 8 5 * ( f w s l I I / 2 ) * ( R e D l w I I - 1 0 0 0 ) * P r w I I * k w I I / ( D l w * ( 1 + 1 2 . 7 *
( ( f w s l I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) ) ;

c 2 8 . .  h w s u l l = e = l . 1 5 * ( f w s u I I / 2 ) * ( R e D l w I 1 - 1 0 0 0 ) * P r w I I * k w I I / ( D l w * (1 + 1 2 . 7 *
( ( f w s u I I / 2 ) * * 0 . 5 ) * ( P r w I I * * ( 2 / 3 ) - 1 ) ) ) ;

e 5 8 . .  h w r l = e = ( f w r I / 2 ) / ( 1 + ( ( f w r I / 2 ) * * 0 . 5 ) * ( 4 . 5 * ( e / D h w * R e D h w I *
( ( f w r I / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w l * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) * d e n w l * น พ * c p w l ;

b29 . . h w r l l = e = 0 . 8 5 *  ( f w r l I / 2  ) /  ( 1 !■ ( ( f w r l I / 2  ) * * 0 . 5 ) * ( 4 . 5 *  ( e /D h w * R e D hw I*
( ( f w r l l / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w l * *  0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * *  0 . 5 3 ) ) * d e n w l * น พ * c p w l ;

b 3 0 . .  h w r u l = e = l . 1 5 * ( f w r u I / 2 ) / ( 1 + ( ( f w r u I / 2 ) * * 0 . 5 ) * ( 4 . ร * (e /D h w * R e D hw I*
( ( f w r u I / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w l * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) * d e n w l * u w * c p w l ;

e 5 9 . .
h w r l l = e = ( f w r I I / 2 ) / ( 1 + ( ( f w r I I / 2 ) * * 0 . 5 ) * ( 4 . 5 * ( e / D h w * R e D h w I I * ( ( f w r I I / 2 ) * * 0 .  
) * * 0 . 2 8 * ( P r w l I * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) * d e n w l l * น พ *c p w l l ;

c 2 9 . .  h w r l l l = e = 0 . 8 5 * ( f w r l l 1 / 2 ) / ( 1 + ( ( f w r l l 1 / 2 ) * * 0 . 5 ) * ( 4 . 5 * ( e / D h w * R e D h w I I *  
( ( f w r l I I / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w I I * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) *  
d e n w l I * นพ* c p w l I ;

c 3 0 . .  h w r u l l = e = l . 1 5 * ( f w r u I I / 2 ) / ( l + ( ( f w r u I I / 2 ) * * 0 . 5 ) * ( 4 . 5 * ( e / D h w * R e D h w I I *  
( ( f w r u I I / 2 ) * * 0 . 5 ) ) * * 0 . 2 8 * ( P r w I I * * 0 . 5 7 ) - 0 . 9 5 * ( p p / e ) * * 0 . 5 3 ) ) *



d e n w l l * u w * c p w l l  ;
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e 6 0 . .  h w l = e = ( ( T w - 2 * T t ) * h w s l + ( T d - 2 * T t ) * h w r l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;
๖ 3 1 . .  h w l l = e = ( ( T w - 2 * T t ) * h w s l l + ( T d - 2 * T t ) * h w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;
๖ 3 2 . .  h w u l = e = ( ( T w - 2 * T t ) * h w s u l + ( T d - 2 * T t ) * h w r u l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;

e 6 1 . .  h w l l = e = ( ( T w - 2 * T t ) * h w s l l + ( T d - 2 * T t ) * h w r l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
c 3 1 . .  h w l l l = e = ( ( T w - 2 * T t ) * h w s l I I + ( T d - 2 * T t ) * h w r l I I ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;  
๐ 3 2 . .  h w u l l = e = ( ( T w - 2 * T t ) * h w s u l l + ( T d - 2 * T t ) * h w r u l l ) / ( ( T w - 2 * T t ) + ( T d - 2 * T t ) ) ;

e 6 2 . .  P t u b e l = e = d e n w l * ( น พ * * 2 ) / 2 * ( f w I * A w / A f f w + 1 . 4 ) ;
๖ 3 3 . .  P w l l = e = d e n w l * ( น พ * * 2 ) / 2 * ( f w l I * A w / A f f w + 1 . 4 ) ;
๖ 3 4 . .  P w u l = e = d e n w l * ( น พ * * 2 ) / 2 * ( f w u I * A w / A f f w + 1 . 4 ) ;

e 6 3 . .  P t u b e I I = e = d e n w I I * ( น พ * * 2 ) / 2 * ( f w I I * A w / A f f w + 1 . 4 ) ;  
c 3 3 . .  P w l I I = e = d e n w I I * ( น พ * * 2 ) / 2 * ( f w l I I * A w / A f f w + 1 . 4 ) ;  
c 3 4 . .  P w u I I = e = d e n w I I * ( น พ * * 2 ) / 2 * ( f w u I I * A w / A f f w + 1 . 4 ) ;

e 6 4 . . R e D p l = e = d e n w l * u w * D p l / v i s w l ;
e 6 5 . . R e D p 2 = e = d e n w 2 * u w * D p 2 / v i s w 2 ;
e 6 6 . .  f p l = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D p l * * ( - 0 . 3 1 1 ) ) ) ;
e 6 7 . .  f p 2 = e = ( 0 . 0 0 1 2 8 + 0 . 1 1 4 3 * ( R e D p 2 * * ( - 0 . 3 1 1 ) ) ) ;
e 6 8 . .  u p l = e = V w / ( 3 . 1 4 1 6 / 4 * ( D p l * * 2 ) ) ;
e 6 9 . .  u p 2 = e = V w / ( 3 . 1 4 1 6 / 4 * ( D p 2 * * 2 ) ) ;
e7 0 .  .
P p i p e = e = d e n w l * ( u p l * * 2 ) / 2 * ( 4 * f p l * L p l / D p l ) + d e n w 2 * ( u p 2 * * 2 ) / 2 * ( 4 * f p 2 * L p 2 / D p 2 )

e l  1 . . s t a t l = e = d e n w l * ( z l  +  z 2 + H ) * 9 . 8 ;  
e 7 2 . .  s t a t l l = e = d e n w l l * ( z l + z 2 + H ) * 9 . 8 ;

e 7 3 . .  u t l = e = V w / ( พ * D l ) ;
e 7 4 . .  u t 2 = e = V w / ( พ * D 2 ) ;
e 7 5 . .  u t a n k = e = ( u t l + u t 2 ) / 2 ;
e7 6 . .  D h t l = e = 2 * ( พ * D l ) ;
e 7 7 . .  D h t 2 = e = 2 * ( พ * D2 ) ;
e 7 8 . . R e t l = e = d e n w l * u t l * D h t l / v i s w l ;
e 7 9 . . R e t 2 = e = d e n w 2 * u t 2 * D h t 2 / v i s w 2 ;
e 8 0 . .  K w t a n k = e = ( 3 . 8 3 e 2 5 ) * e x p ( ( - 0 . 6 1 * W + 1 0 . 5 5 * D - 3 . 6 5 * D 1 -  
4 0 . 2 7 * D 2 + 3 . 0 1 * z 2 ) / D h t 2 ) * R e t l * * ( 2 . 5 -
2 . 7 3 * D h t l ) * ( R e t 2 * * ( 7 . 5 2 * D h t 2 ) ) * ( ( l o g ( 1 + W / D h t 2 ) ) * * 1 2 . 0 4 ) *
( ( l o g ( 1 + H / D h t 2 ) > * * ๐ . 6 3 ) * ( ( l o g ( 1 + D / D h t 2 ) ) * * ( - 3 . 1 2 ) ) *
( ( l o g ( 1 + D h t l / D h t 2 ) ) * * 5 . 5 7 ) * ( ( l o g ( l + z l / D h t 2 ) ) * * 0 . 3 6 ) *
( ( l o g ( 1  + Z 2 / D h t 2 ) ) * * ( - 0 . 9 4 ) ) * ( ( l o g ( 0 . 5 * R e t l ) > * * ( - 1 4 . 8 5 ) ) *
( ( l o g ( 0 . 5 * R e t 2 ) > * * ( - 1 5 . 3 3 )  ) ;

e 8 1 . .  P t a n k l = e = ( d e n w l * ( u t a n k * * 2 ) ) / 2 * K w t a n k ;  
e 8 2 . .  P t a n k I I = e = ( d e n w l I * ( u t a n k * * 2 ) ) / 2 * K w t a n k ;

e 8 3 . . P w I = e = P t a n k I - s t a t I + ( P t u b e l + P p i p e ) ; 
e 8 4 . .  P w I I = e = P t a n k I I - s t a t I I + ( P t u b e l l + P p i p e ) ;

e 8 5 . .
U U A I - e = ( 0 . 1 * ( 1 / ( 1 / ( e f f o I * h a l I * A a ) + 1 / ( h w l I * A w ) + T t / ( k w a l l * A w a l l ) ) ) +
0 . 8 * ( 1 / ( 1 / ( e f f o I * h a I * A a ) + 1 / ( h w I * A w ) + T t / ( k w a l l * A w a l l ) ) ) +
0 . 1  * ( 1 / ( 1 / ( e f f o l * h a u I * A a ) + 1 / ( h w u I * A w ) + T t / ( k w a l l * A w a l l ) ) ) ) ;

U U A li= e = (0 .1 * ( 1 / ( 1 / ( e f f o I I * h a l I I * A a ) + 1 / ( h w l I I * A w ) + T t / ( k w a l l * A w a l l ) ) ) +
0 . 8 * ( 1 / ( 1 / ( e f f o I * h a I I * A a ) + 1 / ( h w I I * A w ) + T t / ( k w a l l * A w a l l ) ) ) +
0 . 1 * ( 1 / ( 1 / ( e f f o I * h a u I I * A a ) + 1 / ( h w u I I * A w ) + T t / ( k w a l l * A w a l l ) ) ) ) ;



e 8 7 . .  U U A = e = l / ( 0 . 5 * ( 1 / U U A I + l / U U A I I ) ) ;
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e 8 8 . .  r = e = s u m ( ( i i , j j ) , ( p o w e r ( -
1, ( น ( i i ) + v ( j j ) ) ) ) * f u v ( i i , j  j ) / ( f u ( i i ) * f u l ( i i ) *
f v ( j j ) * f v l ( : : ) ) * ( ( p / r ) * * น ( r i ) ) * ( ( q / r ) * * v ( j j ) ) ) ;

e 8 9 . .  M T D = e = r * ( T w l - T a l ) ;

e 9 0 . .  qqq=e=UUA*MTD;

e 9 1 . . P a = e = P a l * ( 1 - ( 1 - 2 * ( 0 . 5 * U U A * ( P a l / U U A I + P a l l / U U A I I ) ) / P a l ) * * 0 . 5 ) ;
๖ 4 1 . .  P a l = e = P a l * ( 1 - ( 1 - 2 * ( 0 . 5 * U U A * ( P a l l / U U A I + P a l l l / U U A I I ) ) / P a l ) * * 0 . 5 ) ;
๖ 4 2 . .  P a u = e = P a l * ( 1 - ( 1 - 2 * ( 0 . 5 * U U A * ( P a u I / U U A I + P a u I I / U U A I I ) ) / P a l ) * * 0 . 5 ) ;

e 9 2 . .  Pw=e=0. 5 * U U A * ( P w l / U U A I + P w I I / U U A I I ) ;
๖ 4 3 . .  P w l= e = 0 . 5 * U U A * ( P w l l / U U A I + P w l I I / U U A I I ) ;
๖ 4 4 . .  Pwu=e=0. 5 * U U A * ( P w u I / U U A I + P w u I I / U U A I I ) ;

e 9 3 . .  P a = l= P a u p ;
๖ 3 7 . .  P a l = l = P a u p ;
๖ 3 8 . .  Pa u= l= Pa up ;

e 9 4 . .  Pw=l=Pwup;
๖ 3 9 . .  Pw l= l= P w u p ;
๖ 4 0 . .  Pwu=l=Pwup;
* w i t h o u t  s p l i t t e r  p l a t e

e 9 5 . .  C = e = c f * ( ( 2 * F p - 2 * F t ) + 4 * ( F l - F t ) ) * F d + c t * 2 * N t * H * ( ( T w - 2 * T t ) + ( T w - 2 * T t ) ) ;  

* w i t h  s p l i t t e r  p l a t e

e 9 6 . .  C = e = c f * ( ( 2 * F p - 2 * F t ) + 4 * ( F l - F t ) ) * F d + c t * 2 * N t * H * ( ( T w - 2 * T t ) + (Tw- 
2 * T t ) ) + C S * D * H * ( N t - 1 ) ;

e 9 7 . .  F l - L l = g = l e - 3  ;
e 9 8 . .  e / D h w * R e D h w I * ( f w r I / 2 ) * * 0 . 5=g = 30 ;
๖ 3 5 . .  e / D h w * R e D h w I * ( f w r l I / 2 ) * * 0 . 5 = g = 3 0 ;
๖ 3 6 . .  e / D h w * R e D h w I * ( f w r u I / 2 ) * * 0 . 5=g=30 ;

e 9 9 . .  e / D h w * R e D h w I I * ( f w r I I / 2 ) * * 0 . 5=g=30 ;  
c 3 5 . .  e / D h w * R e D h w I I * ( f w r l I I / 2 ) * * 0 . 5 = g = 3 0 ;
๐ 3 6 . .  e / D h w * R e D h w I I * ( f w r u I I / 2 ) * * 0 . 5=g=30 ;

e i o o . .  e /D h w = g = 0 .01 ; 
e l O l . .  e / D h w = l = 0 .04 ;1 1
e l 0 7 . .  x 7 = e = T w * l e 4 ;

* i n i t i a l i z a t i o n

F p . 1 = 1 . 5 e - 3 ;  
F I . 1 = 8 . 2 e - 3;  
T w . 1 = 1 . 5 e - 3 ;  
L p . l = l e - 3 ;
L I . 1 = 7 . 2 e - 3 ;  
L a . 1=25 ;
T d . 1 = 1 4 . 5 e - 3 ;



N t .1=7 0 ;
P P . 1 = 4 . 0 6 e - 3 ; 
e . 1 = 0 . 2 5 e - 3 ;

*๖๐นทd
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F p . 1 ๐ = 0 . 0 0 0 5 0 ;  
F I . 1 ๐ = 0 . 0 0 5 ;  
T w . 1 ๐ = 0 . 0 0 1 ;  
T d . l o = 1 0 e - 3 ;

F p . u p = 0 . 0 02 00 ;  
F l . u p = 0 . 010 ;
T p . l o = F l . l o + T w . 1๐ ; 
T d . u p = F d ;

L p . 1 ๐ = 0 . 0 0 1 ;  
L I . 1 ๐ = 0 . 0 0 5 ;  
L a . 1 ๐ = 2 0 ;

L p . u p = 0 . 0 0 5 ;  
L I . u p = 0 . 0 1 0 ;  
L a . u p = 3 0 ;

N t . 1๐= 10 ;  
e . l o = l e - 4 ; 
p p . l o = l e - 3 ;

N t . u p = 1 0 0 0 ;  
e . u p = 2 . 5 e - 4 ; 
p p . u p = 1 0 e - 3 ;

A f f w . 1 ๐ = 0 . 0 0 0 1 ; A f f a . 1 ๐ = 0 . 0 1 ;

E i i r i U o ,
R e L p I I . 1๐=100 ;

u a . up=2 0 ;
R e L p I . u p = 10 0 0 ; 
R e L p I I . u p = 1 0 0 0 ;

D h a . 1 ๐ = 0 . 0 0 0 5 ; D ha . u p = 0 . 0 1 ;

f a l . 1 ๐ = 0 . 0 1 ;  
f a l l . 1 ๐ = 0 . 0 1 ;

f a l . u p = 0 .5  ; 
f a l l . u p = 0 .5  ;

f a l l . 1 ๐ = 0 . 0 1 ;  
f a i n .  1 ๐ = 0 . 0 1 ;

f a l l . u p = 0 . 5 ;  
f a i n  . u p = 0 . 5 ;

f a u l . 1 ๐ = 0 . 0 1 ;  
f a u l l . 1 ๐ = 0 . 0 1 ;

f a u l . u p = 0 .5  ; 
f a u l l . u p = 0 .5  ;

h a l . 1 ๐ = 0 . 0 5 ;  
h a l l . 1 ๐ = 0 . 0 5 ;

m l . 1 ๐= 100 ;  
m i l . 1๐= 10 0;

h a l l . 1 ๐ = 0 . 0 5 ;  
h a l n  . 1 ๐ = 0 . 0 5 ;

m 1 1 . 1 ๐ = 1 0 0 ;
m ~ in  . 1 ๐ = 1 0 0 ;

h a u l . 1 ๐ = 0 . 0 5  ; 
h a u l l . 1 ๐ = 0 . 0 5 ;

1 . 1 ๐ = 0 . 0 0 1 ;

m u l . 1 ๐ = 1 0 0 ;  
m u l l . 1๐= 10 0;

m i l . 1 ๐ = 0 . 1 ;  
m l  ท .  1 ๐ = 0 . 1 ;  
ml  u l . 1 ๐ = 0 . 1 ;

m i n  . 1 ๐ = 0 . 1  ; 
m l _ l 1 1 . 1 ๐ = 0 . 1  ; 
ml  u l l . 1 ๐ = 0 . 1 ;

t a n h m l l . 1 ๐ = 0 . 5  ; 
ta n h m l 1 1 . 1 ๐ = 0 . 5 ;  
ta n h m l u l . l o = 0 . 5 ;

ta n h m l 1 1 . 1 ๐ = 0 . 5  ; 
ta n h m l 1 1 1 . 1 ๐ = 0 . 5 ;  
ta n h m l u l l . l o = 0 . 5 ;

e f f 1 . 1 ๐ = 0 . 5  ; 
e f  f n  . 1 ๐ = 0 . 5 ;

e f f I . u p = l ; 
e f f I I . u p = l ;

e f f  1 1 . 1 ๐ = 0 . 5 ;  
e f  f ~ m . 1 ๐ = 0 . 5 ;

e f f  l l . u p = l ;  
e f f  I I I . u p = l ;
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e f f  u l . l o = 0 . 5 ;  
e f f  u l l . l o = 0 . 5 ;

e f f  u l . u p = l ; 
e f f  u l l . u p = l ;

e f f o l . l o = 0 . 5 ;  
e f f o i l . l o = 0 .5  ;

e f f o l . u p = l ; 
e f f o l l . u p = l ;

e f f o  l l . l o = 0 . 5 ;  
e f f o  1 1 1 . 1 ๐ = 0 . 5 ;

e f f o  1 1 . u p = l ; 
e f f o  l l l . u p = l ;

e f f o  u l . l o = 0 . 5 ;  
e f f o  u l l . l o = 0 . 5 ;

e f f o  u l . u p = l ;  
e f f o  u l l . u p = l ;

น พ . 1 ๐ = 0 . 0 5  ; น พ . up=5  ;

D h w . l o = 0 . 0 0 0 5 ;  
D l w . l o = 0 .0 0 0 5  ;

D h w . u p = 0 .0 1  ; 
D l w . u p = 0 .0 1  ;

R eD h w I . 1 ๐ = 4 0 0 0 ;  
R e D h w I I . 1 ๐ = 4 0 0 0 ;

R eD h w I . up=5e5  ; 
R e D h w I I . up=5e5  ;

R e D l w I .1๐= 2500  ; 
R e D l w I i y i o = 2 5 0 0 ;

f w l . 1 ๐ = 0 . 0 0 1 ;  
f w s l . l o = 0 . 0 0 1 ;  
f w r l . l o = 0 . 0 0 1 ;

f w l l . 1 ๐ = 0 . 0 0 1 ;  
f w s l l . 1 ๐ = 0 . 0 0 1  ; 
f w r l l . l o = 0 . 0 0 1 ;

f w u l . l o = 0 . 0 0 1 ;  
f w s u l . l o = 0 . 0 0 1 ;  
f w r u l . l o = 0 .001  ;

f w l 1 . 1 ๐ = 0 . 0 0 1 ;  
f w s l l . 1 ๐ = 0 . 0 0 1 ;  
f w r l I . 1 ๐ = 0 . 0 0 1 ;

f w l 1 1 . 1 ๐ = 0 . 0 0 1  ; 
f w s l l l . 1 ๐ = 0 . 0 0 1 ;  
f w r l l l . 1 ๐ = 0 . 0 0 1 ;

f w u l I . 1 ๐ = 0 . 0 0 1 ;  
f w s u l l . 1 ๐ = 0 . 0 0 1  ; 
f w r u l l . 1 ๐ = 0 . 0 0 1 ;

R e D l w I . up=5e5  ; 
R e D l w I I . up=5e5  ;

h w l . 1 ๐ = 0 . 5  ; 
h w s l . 1 ๐ = 0 . 5 ;  
h w r l . 1 ๐ = 0 . 5 ;

h w l . up=30 ; 
h w s l . up=30  ; 
h w r l . up=30 ;

h w l l . 1 ๐ = 0 . 5  ; 
h w s l l . 1 ๐ = 0 . 5 ;  
h w r l I . 1 ๐ = 0 . 5 ;

h w l l . up=30 ; 
h w s l l . up=30 ; 
h w r l I . up=30 ;

h w u l . 1 ๐ = 0 . 5  ; 
h w s u l . 1 ๐ = 0 . 5 ;  
h w r u l . 1 ๐ = 0 . 5 ;

h w u l . up=30  ; 
h w s u l . u p= 3 0 ;  
h w r u l . up=30 ;

h w l 1 . 1 ๐ = 0 . 5 ; h w l l . u p= 3 0 ;



h w s l l . 1 ๐ = 0 . 5  ; 
h w r l l . l o = 0 . 5 ;

h w s l l . u p= 3 0 ;  
h w r l l . u p= 3 0 ;

h w l l l . l o = 0 . 5 ;  
h w s l l l . 1 ๐ = 0 . 5  ; 
h w r l l l . l o = 0 . 5;

h w l l l . u p = 3 0 ;  
h w s l l l . u p = 3 0 ;  
h w r l l l . u p = 3 0 ;

h w u l l . 1 ๐ = 0 . 5  ; 
h w s u l l . l o = 0 .5  ; 
h w r u l l . l o = 0 . 5 ;

h w u l l . u p = 3 0 ;  
h w s u l l . u p= 3 0 ;  
h w r u l l . u p= 3 0 ;

N m . lo = 1 0 0 0 ;
A p r . l o = 0 . 1 ;

A w a l i ? i  0 = 0 . 1 ;
A w . l o = 0 . 1 ;
A a . l o = A p r . l o + A s c . l o ;

Nm.up=50000 ;
A p r . u p = 5 ;
A s c . u p = 3 0 ;
A w a l l . u p = 5 ;
A w . u p = 5 ;
Aa . u p = A p r . u p + A s c . up ;

P a l . l o = 1 0 0 ;  
P a l i . l o = 1 0 0 ;

P w l . l o = 1 0 0 0 ;  
P w l l . 1๐= 1000 ;

P a l i . 1 ๐ = 1 0 0 ;  
P w l l . l o = 1 0 0 0 ;

P a u l . l o = 1 0 0 ;  
P w u l . 1 ๐ = 1 0 0 0 ;

P a i n . l o = 1 0 0 ;  
P w l I I . l o = 1 0 0 0 ;

P a u l i . 1๐= 100 ;  
P w u I I .1 ๐ = 1 0 0 0 ;

P t u b e l . l o = 1 0 0 ; P t u b e l l .1 ๐= 100  ;
P p i p e . l o = l ; 
s t a t l . l o = 1 0 0 ; 
P t a n k I . l o = 5 0 0 ;

s t a t u . 1๐= 10 0;  
P t a n k I 1 .1 ๐= 500  ;

R e D p l . l o = 2 0 0 0 ;  
f p l . l o = 0 . 0 0 0 1 ;  
u p l . l o = 0 . 0 1 ;  
u t l . l o = 0 . 0 1 ;  
u t a n k . l o = 0 . 0 1 ;

r . l o = 0 .5  ; 
K c . l o = 0 . 01;
K e . l o = 0 . 0 1 ;

U U A I . l o = 0 .05  ; 
U U A I I . 1 ๐ = 0 . 0 5 ;  
U U A . l o = 0 . 05;

ReDp2.1๐= 2000  ; 
f p 2 . 1 ๐ = 0 . 0 0 0 1 ;  
u p 2 . 1 ๐ = 0 . 0 1 ;  
U t 2 . l o = 0 .01 ; 
K w t a n k .1 ๐= 50 0  ;

Model sm ooth l / e l , e2 , e3 , e4 , e5 , e l l , e l 2 , e l 3 , e l 4 , e l 5 ,

I  I  : 1:1 : 1 I I  Ie §  §  | :  | :  I I I
e 7 4 ,e 7 5 ,e 7 6 ,e 7 7 ,e 7 8 ,e 79 ,e8 0 ,e8 1 ,e 8 2 ,e 83 ,e 84 ,e8 5 ,e8 6 ,e 8 7 ,e 88 ,e 89

ะ^ร:ร่:ะ;! ร:
๖25 ,๖26 ,๖33,๖34 ,๖37 ,๖38 ,๖39,๖40 ,๖41 ,๖42 ,๖43,๖44 ,c i o , c i l , C l 2 , C l 3  
c l 4 , c l 5 , c l 6 , c l 7 , c l 8 , c 2 5 , c 2 6 , c 3 3 , c 3 4 / ;

M o d e l  r i b l  / e l , e 2 , e 3 , e 4 , e 5 , e l l , e l 2 , e l 3 , e l 4 , e l 5 ,
e l 6 , e l 7 , e l 8 , e l 9 , e 2 0 , e 2 1 , e 2 2 , e 2 3 , e 2 4 , e 2 5 , e 2 6 , e 2 7 , e 2 8 , e 2 9 , e 3 0
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c 2 4 , c 2 7 , c 2 8 ,  c 2 9 ,  c 3 0 , c 3 1 , c 3 2 , c 3 5 , c 3 6 / ;

M ode l  sm oo th s  / e 6 _ e 7 . e 8 _ e 9 . e l 0 « e l l . e ไ ร .
e l 6 , e l 7 , e l 8 ^ e l 9 , e 2 0 , e 2 1 , e 2 2 , e 2 3 , e 2 ‘3 , e 2 5 , e 2 6 , e 2 7 , e 2 8 , e 2 9 , e 3 0 ,

รุ:๊นุ:๊รุ;๊รุ4::ร่:ริ:โร่:ณ๊:ะแ:ะร๊:ะรุ่ริ::ริ!:ะ?ริ:ริî:̂ l:Il : 11 111111 IIS
๖ 2 5 , ๖ 2 6 , ๖ 3 3 , ๖ 3 4 , ๖ 3 7 , ๖ 3 8 , ๖ 3 9 , ๖ 4 0 , ๖ 4 1 , ๖ 4 2 , ๖ 4 3 , ๖ 4 4 , c i o , c i l , c l 2 , c l 3 ,  
c l 4 , c l 5 , c l 6 , c l 7 , c l 8 , c 2 5 , c 2 6 , c 3 3 , c 3 4 / ;

M o d e l  r i b 2  / e 6 , e 7 , e 8 , e 9 , e i o , e l l , e l 2 , e l 3 , e l 4 , e l 5 , 

c 2 4 , c 2 7 , c 2 8 , c 2 9 , c 3 0 , c 3 1 , c 3 2 , c 3 5 , c 3 6 / ;

s m o o t h l . s c a l e o p t = l ; 
r i b l . s c a l e o p t = l ; 
s m o o t h 2 . s c a l e o p t = l ; 
r i b 2 . s c a l e o p t = l ;

O p t i o n  MINLP=sbb;
O p t i o n  d e c i m a l s = 7 ;

p a r a m e t e r s  r e p o r t 1 ( * , * ) , r e p o r t 2 ( * , * ) , r e p o r t 3 { * 1 * ) ,  r e p o r t 4 ( * , * )  ; 

l o o p ( i ,
k f = k f i n ( i ) ;  
k w a l l = k t u b e ( i ) ;
F t = t f i n ( i ) ;
T t = t t u b e ( i ) ;

c f = c o s t f i n ( i ) * d e n f i n ( i ) * t f i n ( i ) ; 
c t = c o s t t u b e ( i ) * d e n t u b e ( i ) * t t u b e ( i ) ; 
c s = c o s t f i n ( i ) * d e n f i n ( i ) * s t ;

s o l v e  s m o o t h l  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t 1 ( i , " F p " ) = F p . 1 ;
r e p o r t l ( i , " F 1 " ) = F 1 . 1 ;
r e p o r t l ( i , " L p " ) = L p . 1 ;
r e p o r t l ( i , ” L 1 " ) = L 1 . 1 ;
r e p o r t l ( i , " L a " ) = L a . 1 ;
r e p o r t l ( i , " T d " ) = T d . l ;
r e p o r t l ( i , " T w " ) = T w . l ;



แ ร : ! ! : ! !
s o l v e  r i b l  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t 2 ( i , " F p " ) - F p . 1 ;
r e p o r t 2 ( i , " F I " ) = F 1 . 1 ;
r e p o r t 2 ( i , " L p " ) = L p . 1 ;
r e p o r t 2 ( i , " L I " ) = L 1 .1  ;
r e p o r t 2 ( i , " L a " ) = L a . 1 ;
r e p o r t 2 ( i , " T d " ) = T d . 1 ;
r e p o r t 2 ( i , " T w " ) = T w .1 ;
r e p o r t 2 ( i , " N t " ) = N t . l ;
r e p o r t 2 ( i , " e " ) = e . 1 ;
r e p o r t 2 ( i , " p " ) = p p . l ;

^ : : ร : ,
r e p o r t 2 ( i , " P w " ) = P w . l ;

s o l v e  smooth2 u s i n g  MINLP m i n i m i z i n g  c
r e p o r t 3 ( i , " F p " ) = F p . 1 ;
r e p o r t 3 ( i , " F I " ) = F 1 . 1 ;
r e p o r t 3 ( i , " L p " ) = L p . 1 ;
r e p o r t 3 ( i , " L I " ) = L 1 . 1 ;
r e p o r t 3 ( i , " L a " ) = L a .1  ;
r e p o r t 3 ( i , " T d " ) = T d . 1 ;
r e p o r t 3 ( i , " T w " ) = T w . 1 ;
r e p o r t 3 ( i , " N t " ) = N t . 1 ;

s o l v e  r i b 2  u s i n g  MINLP m i n i m i z i n g  C;
r e p o r t 4 ( i , " F p " ) - F p . 1 ;
r e p o r t 4 ( i , " F I " ) = F 1 .1  ;
r e p o r t 4 ( i , " L p " ) = L p . 1 ;
r e p o r t 4 ( i , " L 1 " ) = L 1 . 1 ;
r e p o r t 4 ( i , " L a " ) = L a . 1 ;
r e p o r t 4 ( i , " T d " ) = T d .1  ;
r e p o r t 4 ( i , " T w " ) = T w . 1;
r e p o r t 4 ( i , " N t " ) = N t . 1 ;
r e p o r t 4 ( i , " e " ) = e . 1 ;
r e p o r t 4 ( i , " p " ) = p p . 1 ;

r e p o r t 4 ( i , " P w " ) = P w . 1;
) ;

f i l e  n l  / n l . d a t / ;  
n l . p c = 4 ; 
n l . n d = 1 0 ;  
p u t  n l ;
l o o p ( i , p u t @ 3 , i . t l ,
@9, r e p o r t 1 ( i ,  " F p " ) ,

1 1



I S i l l i S b ,
f i l e  ท2 / n 2. d a t / ;
ท2. p c = 4 ;
ท2. n d =10; 
p u t  ท2 ;
l o o p ( i , p u t @ 3 , i . t l ,
0 9 , r e p o r t 2 ( i , " F p " ) , 
@31,r e p o r t 2 ( l , " F I " )  , 
@33,r e p o r t 2 ( i , " L p " ) ,  
@35,r e p o r t 2 ( i , " L l " ) , 
@37,r e p o r t 2 ( i , " L a " )  , 
@39,r e p o r t 2 ( i , " T d " ) , 
@41,r e p o r t 2 ( i , " T w " ) , 
@43, r e p o r t 2 ( i , " N t " ) , 
0 4 5 , r e D o r t 2 ( i . M0,M
@47) r e p o r t 2 ( i ) " p " > )

@53, r e p o r t 2 ( i , " P w " ) / )

f i l e  ท3 / n 3 . d a t / ;
ท3 . p c = 4 ;
ท3 . n d = 1 0 ; 
p u t  ท3;
l o o p ( i , p u t @3,i . t l ,
@9,r e p o r t 3 { i , " F p " ) , 
@53, r e p o r t 3 ( i ,  " F I "  ) , 
@55,r e p o r t 3 ( i , " L p " ) ,  
@57,r e p o r t 3 ( i , " L l " ) , 
@59, r e p o r t 3 ( i , " L a " ) ,

แ ร  ุ ะ:ริะ::
@65,r e p o r t 3 ( i , " N t " ) , 
@67,r e p o r t 3 ( i , " c " ) , 
@69,r e p o r t 3 ( i , " P a " ) , 
@71,r e p o r t 3 ( i , " P w " ) / )

f i l e  ท4 / n 4 . d a t / ;
ท4 . p c = 4 ;
ท4 . n d = 1 0 ; 
p u t  ท4 ;
l o o p ( i , p u t @3,i . t l ,  
@ 9 , r e p o r t 4 ( i , " F p " ) , 
@71,r e p o r t 4 (1, " F l  ) ,  
@73, r e p o r t 4 ( i , " L p " ) , 
@75,r e p o r t 4 ( i , " L l " ) , 
@77,r e p o r t 4 ( i , " L a " ) , 
@79,r e p o r t 4 ( i , " T d " ) , 
@81, r e p o r t 4 ( i , " T w " ) , 
@83,r e p o r t 4 ( i , " N t " ) , 
@85,r e p o r t 4 ( i , " e " ) , 
@87,r e p o r t 4 ( i , " p " ) , 
@89,r e p o r t 4 ( i , " C " ) , 
@91,r e p o r t 4 ( i , " P a " ) , 
@93,r e p o r t 4 ( i , " P w " ) / )
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