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APPENDIX A

Appendix A shows the [listing of all the programs usee in
this study and the flow charts of program 1 and program 2. The flaw
charts of program 3, 4, and 5 are similar to that of program 1, so

they are omitted here.
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START

PROGRAM 1
A 4

DECLARE

VARIABLE

v

DEF INE
FUNCTION VOK
{NPUT x1,22,4%3,%4,15

QUTPUT (((x1-x2)-x3)/x4)+x5)

|
v

DEFINE
FUNCTION VOP
Input yl,y2,y3,y4,y5

OQutput y5-(((yl-y2)%y3)/y4)

SUB-ROUTINE

START

v

SUB-ROUTINE

BOX-IN

[

V)



SUB-ROUTINE

PROCESS

ARE YOU SURE

JO SAVE Y/N

INPUT PP

SUB-EOUTINE

SAVE DETAIL

DO YOU WANT

TO TEST Y/N

INPUT PP

240



SUB-ROUTINE
SAVE-FILE

STOP
PROGRAM
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SUB-ROUTINE SUB-ROUTINE l

T owmn |
| |
1Al s |

|

DISPLAY SCREEN

FOR / PREPARE \

INPUT CREEN #0R OUTP?

iNPUT TEMPERATURE IN EXIT

AND TEMPERATURE OUT

EXIT
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SUB-ROUTINE

PROCESS

v
/// FOR' 1 =1 TO 3
\

)
-y v

TBILIJe="TINI[IN+ TOUTIC13/2

TB2L[Je=/TIN2[11 + TOUTZ2C11/2

i
h 4

MEU1(13:=

2.1482[(?81[I}—B.d35)1+/8078.d+(TB1[I]-8.435)23
1

MEU201]1:=

2.1482[(TB2[l]~8.435)]+JSO78.A+(T82[I]—8.435)23

6 K1(IJ:=VOK(TB1[1]1,26.67,0.006,5.55,0.351)%1.49

TB1[11<32.2 CAS:="'1 F’PRIEI]:=VOP(TB1[l],26.67,0.74,5.55,5.92)




TB1C13<37.7

TB1C11<60.

CAS:="

CAS:

TB1[11<82.

244

Klcl]:=VOK(TB1E13,32.22,0.006,5.56,0.3 57)*1.49

PRU 1,:=VOP(TB1C1],32.22,0.61,5.56,5.18)

K1CI3 =VOK(7B1[ 13,37.78,0.009, 11.11,0.363)*1.49
PRIE 131=VOP(TB1[ 13,37.78,0.92,1 1.1 1,4.57)

K1[13:=VOK(TB1 13,48.89,0.007, 11.11,0.379)*1.49
PRIE 13:=VOP(TB1[13,48.89,0.64,1 1.1 1,3.65)

KICI]J=VO0K(TB1CI3,60.00,0.006,11.11,0.379)*1.49
PRIE 13 =VOP<TB1[13,60.00,0.49, 11.11,3.01)

KICI3:=VOK(TB1EI3,77.11,0.005,11.11,0.385)*1.49
PRIE 13:=VOP(TB1E13,77.11,0.36,11.1 1,2.52)
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K1C131:=VOK(TB1(11,82.22,0.003,11.11,0.390)%1.49

CAS:='7

PR1L!J:=VOP(TB1(13,82.22,0.27,11.11,2.16)

=

A am

SO

K1C[131:=VOK(TB1C13,93.33,0.002,11.11,0.393)%1.43

)!PRI[I]:='-JOP(TB![13,93.33,0.227.‘.1.12.1.:39)

TB2[11<32.23

v

TB2011<37.79

K2Cl 2 =VOK(TB2CI],25.67,0.006,5.55,0.351)"1.49
PR2[I ]:=VOP(TB2[13,26.67,0.74,5.55,5.92)

K2E13:=VOK<TB2[13,32.22,0.006,5.56,0.357)*1.49

CAS:='

PR2[ 13:=VOP(TB2[ 13,32.22,0.61,5.56,5. 18)

; _,JPR2[13

!KZCI 3:=VOK(TB2CI 3,37.78,0.009, 11.11,0.363)*1.49
=VOP(TB2[I 3,37.78,0.92, 11.11,4.57)




TB2

[13<60.01

246

CAS:='4

N

|

K20 [1:=VOK(TB2(131,48.39,0.007,11.

PR2C11:=VOP(TB2[11,48.89,0.64,11.

11,0.379)%1.49]|

11,3.65)

TB2L 11<71.12

Y(——————W

|

CAS:='5;—’3PR2[I]:=VOP(TBZ[11.60.00.0.49. 11.
i =]

|

i B

lKZ[II:=VOK(TBZ[11.60.00,0.006,11.11,0.379)*1.49i

11,3.01) i

3

TB2[11<82.2

_,.

K201 J:+=VYOK(TB2L[1,77.11,0.005,11.

PR2LI3$=VOPCTB2[11,77.11,0.36,11.

11,0,385)%1.49

11,2.52)

TB2L11<83.3

CAS:="7

_’>

K2(11:=VOK(TB1(11,82.22,0.003,11.

PR2C131:=VOP(TBI1(11,82.22,0.27,11.11,2.16)

11,0.390° %1.48

-

CAS:

K2011:=VOK(TB2011,93.33,0.002, 11,

11,0.393)%1.49

P PR2011:=VOP(TB2(13],93.33,0.227,11.11,1.89)

<



>

DTi1C1Js= TOUTILI!I1 - TINILI]

DT2C13:= TOUT2CI]1 - TIN2[11]

TIN2[IJ - TOUTI1C!]

TOUT201] - TIN

(A S |
Lt 1ld

247

LN

(WIN2L1T -

ou

o~
i

101

-
e

)

(TOUT2CL13 - TINICIDD

]
|

|
B

i

TLMCII1= (TOUT2CIJ+TIN2C13) - (TOUTICIJ+TINI[1])

oo

v
QUI] = V* DTKn
Q2[1] = V * DT2[l]
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|

AVGQ = ‘ Q1C11] + Q20113

U1C1I= AVGa +60%10°

[ NADWI % TLMCOI]

|
>
h 4

u2l11= Utei3/4.88

U3C17=-U2011%5.6783

‘1
H 1 2% ]
L I[]Fr 0.6%10
14,006
: v
W = 2 * §0*10-

A
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DEVL*.»
RELcl |=
DE*V 4> MEUL[1]*10'
REL: 13=
MEUL[ 1]%103
(VI2 +VI3)
DE*VIAT> 2 * 50%10'
RE2[ 1]= VL2 =
MEU2CI]*103
DE*VL2¥/
REZ[ 1]=
MEU2EI]*10'

10



10

RCCIJ= (RE1CLI] + RE2[11)/2

HC1[11= (K1C11/DE)%(0.2%RE1C11°

HC2[11= (K2[11/DE)%(0.2%RE2[11°

HCL1J= (HC1[I11 + HC2CI11)/2

1

*Txpr1c11°° Y

S SPR2LFIT )

UCLI]=

(/L1 + 0.6%10°

L HC1C 11 14,006
UCCIl= UCl11/4.88
UCCII= UCLII%5.6783

NUCII=  HCIJ¥DE

LY 57 55 % e ¥ 9 2 0

NUCL 1= HCL 1 1%DE

(K1CI1J + K2011)/2

4

1
HC2C 11 ]

NEXT I
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SUB-ROUTINE
SAVE DETAIL

SPRENO] = (PRim + PR2E131/2
SPRENO+13= (PRIE23 + PR2E23)/2
SPRENO+23= (PRL[3] + PRIC33)/2
SREEN03 = Rem

SREENO+1]= RC[23

SREENO+23= RCE33

SNUENG3 = NGE 1]

SNENO+1]= NE2]

SNUENO+23= NUE33

STR(RCEL] 22:15, TREENO])
STR(RCE23:22 15,TREENO+I])
STR(RCE 3] 22:15, TREENO+2])
STR(SPRENQ]:22:15, TPRENO])
STR(SPRENO+I]; 22:15, TPRENO+13)
STR(SPRENO+23: 22: 15, TPRENO+2])
STR(NUEL3:22: 15, TNUENO))
STR(NUE23: 22: 15, TNUENO+13)
STR(NUE 33:22: 15, TNUENO+23)

v

NO= NO + 3

EXIT
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SUBROUTINE
SAVE - FILE

SREL1]

ﬁl=1l()21>
FOR I =170 21,

252

WRITE

TPRCI1]

TNUC T3

ﬂNEXT |
EXIT




START
PROGRAM 2

DECLARE

VARIABLE

l
\ 4

DEFINE FUNCTION CREATE

INPUT FILE NAME

i

QUTRUT TRUE ALREADY EXIT

FAULT NOT EXIT

|
v

CLEAR VARIABLE TO BE ZERO

v

SUB-ROUTINE

INPUT-FILENAME

k4

<: FOR T =1TO INDE%:>

P

X131 = LOG RLI1

{ NEXT |




w
(=
=
>
1]
o

SUMX2 = 0
1,
<: FOR | = 1 TO INDEX )
—
SUMK = SUMX-+ XC11 |

SUMX2 = SUMX2 + XC11°

NEXT |

SUB-ROUTINE

FIRST

v

STOP
PROGRAM
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SUB-ROUTINE 2

INPUT-FILENAME

b, 4
2 =0 SUB-ROUTINE
J2 =0 READ-F I LENAME i
0K = Y .
|
h 4
DO YOU HAVE ANY A\

\

FILE TO OPTIMIZED,QY/iy

INPUT NUMBEKR INPUT 0K

OF STOP

INPUT NUMBER

OF STEP

N
EXIT

NPUT START,

STOP,STEP

O



SUB-ROUTINE
READ-FILENAME

256

INPUT  FILENAME®
OF DATA

tupm 7 NAME!

FILE NOT FOUND

12 =20
Ji =0
: 12
, 3 , J2
FOR K2

J2 =12 + 1

HIS FILE F_NAMEL \

EXIT ) AVE DATA TRANSFER J2/3 SERIES,
T

0
INDEX

1 70 J2/3
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4
"X X
LI = 12
INDEX = INDEX + 1
2 =12 + 1 FOR K2 = 1 TO J2/3
RCINDEX1 = MC12] : H
l A 4 1
(2 = 12 + 1 !
NEXT X2 I R l
| NTC21 = MTC2]]
| |
|

FOR K2 = 1 TO J2/3> \r/
|

L=0L +: *
12 = 12+1 MCK2] = 0 !
PTC2] = MIC2] ?

J

( EXIT




SUB-ROUTINE
EIRST

J = START
J MIN = START

TART

w
< ) i
w
—
=
-]

RANGE

=/(STOP-START) /STEP

<

k 4

<<;FOR K =1 TO RANG

)

SUB-ROUTINE

PROCESS

9

258



N

|

SUB-ROUTINE

COMPARE

SUB-ROUTINE

PROCESS

v

5UB-ROUTINE

COMPARE

r
h 4

<4

MIN > SDIF

e

<

SUB-ROUTINE

PRINT®

MIN-=_SDIF

J_MIN = J

\ 4

Ji =l FF STEP




[
\

SUB-ROUTINE

PROCESS

;
h 4

FOR I = 1 TO INDEX

J
PBCIT = PCI1]

Y11 = LOGONCII/PBLY]

NEXT |

-
|5

&

SUMXY

1
[es]

SUM Y

v

= 1 TO INDEX

]
o

260

[¥e]

( CINDEX*SUMXY) - (SUMX*¥SUMY))

( ( INDEX*¥SUMX2) - (SUMX*%SUMX))

( (SUMX2%SUMY) - (SUMX*SUMXY))

A/C

B/C

SUMXY = ¢ X[IJ#Y[11 ) + SUMXY
SUM Y = SUMY + YLI1]

I |

NEXT 1

( EXIT )
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SUB-ROUTINE

' COMPARE

SUB-ROUTINE

|
SRINT !

s

FOR | = 1 TO INDEX

DISPLAY

i,B,b

LEAST JF SUM SDIF

)4
A 4

YI(I1 = A%XC13 + /B

1}

DIF = (YLII-YICIM
DIF = DIF"

SDIF = SDIF +DIF

NEXT |

EXIT
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B, - Bl - OO

00 SRR TS T

PR
BRHH bR A KA
éﬁ{ﬂ] VRSB
”ﬁg[i]'::voéa*suﬂ AR i

. Hi|H
H\ TOK{TBUL 7L 11,0.005,11.11.0, %5)*1.49;
PRI J:7OP(TBUIL7L.1L0.38, 11.11,252);

afini

9
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e ] < T
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'Fohaélk 189 THN
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READIED, PP);
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I
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APPENDIX A6
Prograa 6 304
DEFDBL A,3,C,E,F,G,H,K,L.M,N,

N,R,S,WX7,0,J
W ALY APLL) XP(1) .WP() ,G2(1) FH(1) \FC(L) ,WH(1) ,WC()
‘M TIH(i) TTOH() ,TAH(I) Tlc(1).T0C(1), TAC(i) ,XH(1) KCII
DM MH2) MMC(2) 5L2c 1) IHI() .FCI(l)
DM Sii(1) Isci1) ,CPH(1),CPC(1).0(1) .

(
DIM  RII) .RECII),REH(1) IHH(1)
OM 3SI1) l\/D(l)]MTU( JNTU
DIM ()
DIM  AS!1),3511),cs(1),DS(1),WCS(20),WHS (20)
DIM  N1S(8) ,N25(8)
NIS (1) "WATER"
NIS (2) "SYRUP 20 wtX"
N1S(3)="sYRUP 30 'HIl"
N1S(4)="SYRUP 40 wi%"
NISI5) "GLYCERINE 40 VO 1% "
NISI6) "GLYCERINE 50 voir
N1S17) ',GLYCERINE 60 voix"
FOR1 1707

N2SI)  NISID
NEXT |
START:
cLs
ocate 1,1 : PRINT CHRS1201) :
R | ). TO 77

PRINT CHRS(205) ;

NEXT !

PRINT CHRS(187):;

FOR | : 270 23
LOCATE 1,1
PRINT CHRS(186) :
LOCATE 1,79

PRINT CHRS<186) ;

LOCATE 24,1 : PRINT CHRS(200);
FOR | 1 70 77
PRINT CHRS(205) ;
NEXT |
PRINT CHRSI188);
LOCATE 18,1 : PRINT CHRS1204) ;
FOR | 1 T0 77
PRINT CHRS(205) ;
NEXT |
PRINT CHRS(185);
locate 24,24 : PRINT "
'CLS
locate 1,3 : PRINT "Design procedure
locate 2,3 : PRINT "SELECT THE CODE NUMBER OF THE HOT LIQUID ..(1-3)..
locate 3,3 : PRINT "SELECT THE CODE NUMBER OF THE COLD LIQUID..(1-8). .
locate 4,10 PRINT  "(1) WATER";
locate 5,10  PRINT "(2)  SYRUP (SUCROSE SOLUTION 20 WtX)";
locate 6,10 PRINT  "(3) SYRUP (SUCROSE SOLUTION 30 wtX) "
locate 7,10 PRINT  "(4) SYRUP (SUCROSE SOLUTION 40 WtX) *
locate 8,10  PRINT "(5)  GLYCERINE 40 VOIX";
locate 9,10 PRINT (6) GLYCERINE 50 VOIX";
locate 10,10 : PRINT ¢ ) : GLYCERINE 60 volX*;
locate 11,10 : PRINT "(8) : OTHERS"
A100:
locate 2,55 : PRINT ;
locate 2,55
AS INKEYS
IF AS)"0" AND AS<"9" THEN
GOTO A200
ELSE



A200 :

A210 :

A250 :

305

GOTO A100
END IF

locate 2,55 : print AS:
locate 3.55 : print
locate 3,55
.INKEYS
[F 3S>"0" AND BS ("9" THEN
GOTO A210
ELSE
GOTO A200
END IF

locate 3,55 : PRINT BS:
FOR | 4 TO il

locate i,10 : print '
NEXT |

locate 4,5 : PRINT "THE UNKNOWN OUTLET TEMPERATURE SIDE IS HMHOT OR CACOCL "
locate 4,50 : PRINT
locate 4,50
s INKEYS
IF CS:"h" THEN
cs "H"
END IF
IF CS="c" THEN
1
3.'r
IF CS<>"H" AND CS<>"C" THEN

GOTO A220
END IF

locate 4,50 : PRINT CS;

IF AS "3" THEN
LOCATE 5,5
PRINT "NAME OF HOT LIQUID "
INPUT N1S(3)

END IF

IF 3S "3" THEN
LOCATE 5,40
PRINT "NAME OF COLD LIQUID -;
INPUT N25(8)

END IF
locate 5,5 : PRINT "PLATE CHARACTERISTIC";
locate 6,5 N
INPUT  "SURFACE AREA PER PLATE,AP («~2) ,AP(I)

IF AP(1) O THEN

AP(1)=0.05
END iF
locate 6,52 : PRINT USING " . #"; AP(1); N
locate 7,5 ; INPUT 'LENGTH OF PLATELP (w): 1LP(1)
IF Lp(i)-® THEN

LP(1) =0.445
END IF
locate 7,52 : PRINT USING " . "v LP(1): N
locate 3,5 : INPUT "THICKNESS OF PLATE,XP (M) ,XP(l)

IF XP(1)-0 THEN

XP(1)=0.0006
BND IF
locate 8,52 : PRINT USING " . " XP(L);
locate 9,5 : INPUT "WIDTH OF PLATEWP (M):
IF WP(1)=0 THEN

WP(1)=0.r.25

" 1WP(1)



A290

A291

A295

A300 :

A301 :

A302 :

locate 9,52 : PRINT USING 'I.ii7li"; WP(1)
locate 10,5 : INPUT "PLATE GAP13P (M)
IF 3P( :0 THEN
3P( 00313
END IF
locate 10,52 : PRINT USING "3.33333": 3P(1);
locate 11,5 : INPUT "FOULING FACTOR OF THE HOT STREAM.FH (M~2K/W)
IF LEN(WHS) >0 THEN
FH(1)  VAL(WHS)
GOTO A291
ELSE
IF AS  "8" THEN
PRINT CHRS(7)
locate 24,25 : PRINT "NO HAVE DEFAULT VALUE"
GOTO A290
END IF
IF AS : "1" THEN
FH(1)  0.00001%5.6783
ELSE
FH<1)  0.00002*5.6783
END IF
END IF

locate 11,52 . PRINT USING "3.3333333"; FH

locate 12,5 : INPUT "FOULING -ACTOR OF THE COLD STREAM,FC ”2K/W):

iF LEN(WCS) >0 THEN
FC(1)  VAL(WCS)
GOTO A300
ELSE
iF BS  "8" THEN
R CHRS(
ei4,25 NB ‘NO HAVE DEFAULT VALUE"

FC(1) 0.00002*5.6783
END IF
END IF

locate 24,25 : PRINT
locate 12,52.. PRINT USING "3.3333333"; FC( ;

locate 13,5 INPUT  "HOT STREAM FLOW RATE, (KGIS)

IF WH(1) <= 0 THEN
locate 24,25 PRINT CHRS(7); PRINT "CAN'T FLOW ZERO !!!
GOTO A301

END iF

locate 24,25 : PRINT

locate 13,51  PRINT USING "33.3333" ; WH( ;

iocate 14,5 INPUT  "COLD STREAM FLOW RATE, (KG/S)

IF WC(1) <: 0 THEN
locate 24,25  PRINT CHRS(7): : PRINT "CAN'T FLOW ZERO |l
GOTO A302

END IF

locate 24,25 : PRINT "

locate 14,51 : PRINT USING "33.3333"; W(( ;

IF CSM'C" THEN

Ims

WH(1)



A303 :

A304 :

A305 :

AS500 :

A501 :

A502 :

A600 :

A6500

307

GOTO A500
END IF
locate 15,5 : INPUT "INLET TEMPERATURE OF THE COLO STREAM (K)- " TIC!1)
IF TIC(I) < 0 THEN
locate 24,25 : PRINT CHRS(7); : PRINT "CAN'T TEMPERATURE ZERO IlI
GOTO A303
END IF
locate 24,25 : PRINT " "
locate 15,50 : PRINT USING m « .» ":TIC(1) :
locate 16,5 : INPUT "OUTLET TEMPERATURE OF THE COLD STREAM (K) " TCC(1)
IF TOC(1) ( 0 THEN
locate 24,25 : PRINT CHRS(7): : PRINT "CAN'T TEMPERATURE -ZERO Il "
GOTO A304
END IF
locate 24,25 : PRINT " ‘
locate 16,50 : PRINT USING "  ,»r ;TOC(1);
locate 17,5 INPUT  "INLET TEMPERATURE OF THE HOT STREAM (X): \TIH (1)
IF TIH(1) < 0 THEN
locate 24.25 : PRINT CHRS(7) ; : PRINT "CAN'T TEMPERATURE ZERO III
GOTO A305
END IF
locate 24,25 : PRINT " "
locate 17,50 : PRINT USING "m . ', :TIH(1);
GOTO A600
iocate 15,5 : INPUT "INLET TEMPERATURE OF THE HOT STREAM K) " TIH(1)
IF TIH(I) < 0 THEN
locate 24,25 : PRINT CHRS(7): : PRINT "CAN'T TEMPERATURE ZERO Il
GOTO A500
END IF
locate 24,25 : PRINT "
iocate 15,50 : PRINT USING "littdt. ' :TIH (1);
locate 16,5 INPUT  "OUTLET TEMPERATURE OF THE HOT STREAM (K)= \TOH (1)
IF TOH(I) < 0 THEN
locate 24,25 : PRINT CHRS(7): : PRINT "CAN'T TEMPERATURE ZERO III
GOTO A501
END IF
locaie 24,25 : PRINT * "
locate 16,51 : PRINT USING " » .» ,;TOH(1)
locate 17,5 : INPUT "INLET TEMPERATURE OF THE COLD STREAM (K): " 1T I¢ (1)
IF TIC(l) < 0 THEN
locate 24,25 : PRINT CHRS(7) ; : PRINT "CAN'T TEMPERATURE ZERO III
GOTO A502
END IF
locate 24,25 : PRINT ’
locaie 17,51 : PRINT USING - < TIC(L) ;
IF AS  "3" THEN
locate 2,5 : PRINT"PHYLSI CAL PROPERTIES OF THE HOT LIQUID":
locate 4,5 : INPUT "THERMAL CONDUCTIVITY " KH(1)
IF KH(1) < 0 THEN
iocate 24,25 : PRINT CHRS(7); : PRINT "CAN'T INPUT VALUE ZERO Il "+
GOTO A6500
END IF
locate 24,25 : PRINT "
locate 4,34 ; PRINT USING " » "KHI1);



iocate 24,25 : PRINT " "o

A6501 :
locate 5,5 : INPUT "VISCOSITY (KG/MS) " IMMH(i)
IF MMH(1) < 0 THEN
locate 24.25 : PRINT CHRS(7) :: PRINT "CAN'T INPUT VAOJE ZERO
GOTO A6501
END IF
iocate 5,24 : PRINT USING " 3.3333 ,,:IMVH(1):
iocate 24,25 : PRINT " '
AB502 :
iocate 5,5 : INPUT "DENSITY (KG/M*3) ", SH(11
IF SH(1) ( 0 THEN
locate 24.25 : PRINT CHRS(7) : PRINT "CAN'T INPUT VALUE ZERO
GOTO A6502
END IF
iocate 6,23 : PRINT USING ,33#3.3,;SH(1) ;
iocate 24,25 : PRINT
A6503:
locate 7,5 : INPUT "SPECIFIC HEAT (KJ/KGK) " ,CPH(1)
IF CPH(I) <: 0 THEN
locate 24,25 : PRINT CHRS(7): : PRINT "CAN'T INPUT VALUE ZERO
GOTO A5503
END IF
iocate 7,29 : PRINT USING "33.3333“:CPH(1) :
locate 24,25 : PRINT " *
END IF
IF 35  "8" THEN
AB504 :
cLS
iocate 9,5 : PRINT " PHYSICAL PROPERTIES OF THE COLD LIQUID"
locate 10,5 : INPUT "THERMAL CONDUCTIVITY (W/MK) " ,KC(1)
iF KC(1) < 0 THEN
locate 24,31 : PRINT CHRS(7); : PRINT "CAN'T INPUT VALUE ZERO
GOTO A6504
END IF
locate 10,34 : PRINT USING "33.3333" :KC(1) ;
locate 24,25 : PRINT " N
AB505 :
locate 11,5 : INPUT "VISCOSITY (KGIMS) " ,MMC(1)
IF MMC(I) < 0 THEN
locate 24,25 ; PRINT CHRS(7) ; : PRINT "CAN'T INPUT VALUE ZERO
GOTO A6505
END IF
iocate 11,24 : PRINT USING "33.3333";MMC(1);
locate 24,25 : PRINT
AB506 :
locate 12,5 : INPUT "DENSITY (KG/M"3) ", SC(1)
IF SC(1) < 0 THEN
locate 24,25 : PRINT CHRS(7) ; ; PRINT "CAN'T INPUT VALUE ZERO
GOTO A6506
END IF
iocate 12,23 : PRINT USING "3333.3";SC(1);
locate 24,25 : PRINT " [}
A6507 ;

locate 13,5 : INPUT "SPECIFIC HEAT (KJ/KGK) ",CPC(D
IF CPC(1) <: 0 THEN
iocate 24,25 : PRINT CHR$(7); : PRINT "CAN'T INPUT VALUE ZERO
GOTO A650 7
END IF
locate 13,29 : PRINT USING "33.3333": CPC(1);
locate 24,25 : PRINT ”
END IF



(F CS=-H* THEN
Tac(l) (tic(1)+70c(1))/2
ELSE
TaH(l) (TiH(1)+T0u(1))/2
END IF
IF CS: "C" THEN
cosus A6000
ELSE
cosus A7000
END IF
cosu A5500
IF cs ',HM THEN
oly c(Drcpe(lyr(roc(ly-Ticql)
ELSt
(L) wa(hyscpu(ly*(TiH(])-ToH(L))
END IF
IF CS: H THEN
TOH (=TIH(1)-(Qd)/(WH()*CPH (1))
ELSE
toc(i} Tie(h+(hr we(i)cre(l)
END IF
Tacd) =(Ticd)+10cd)1/2
TAH(1):,(7 (1) +TOH(i) )/2

cosus A6100

END IF

IF wi(Dscpu(l) swedyrepe(l) THEN
coro A1000

END IF

eMIN{D)- wH(D)*cpH(])

cmax(l)- we(ly*cpey 1
EdY wMAMIﬁ (roc(n)-Tibcl )N(CMM(Q+“1m1yTR!ﬂ))
coro A2000
Ai000:
0 emiIn(l) weelycpe (1)
cmax(l) wi(ly*crH(l)
E(1): (CMAXt L)*(TIH(I)-TOH (1) ))/(CMIN(I)*(TIHd)-TIC(I)))
42000

R(Ly-emin(lyremax(l)
REHA): (WHd))/(WPd)*MMH( 1))
REquwcdnuwp(ymmcun
w()  0.02( (ReHd))*0.87)
(2)  ((CPHd) * MMH(D) Iokecdy ¢ 100(-3y) )+ 0./8
(3L KkHd)I(2BP(I))
HH(D): w() - (2)* ()
will — 0.02((rec(1))+0.87)
)

(2)  ((CPCd) * MMC(D (ke(y » 100(-3)) )+ 0.78

() ke(yr2er(l))
ne(l: wiy = (2« ()

Ly  luu(l

(2) . xpU) 1 16.26858

() Lnc(d)
uav(l) L (L) + D+ () + FHA)-FC(D)
IF R!l%ZO THEN

c0sud a2100

coro A3000
ENDIF

IF R(i):0.25 THEN
GOSUB 22200

coto A3000

END IF



IF R(1)=0.75 THEN
GOSUB A2300
GOTO A3000

END IF

IF R(I) 1 THEN
GOSUB A2400
GOTO A3000

END IF

IF R(1)<l  AND R(1)>0.75 THEN
GOSUB A2500
GOTO A3000

.END IF

A2100 :

A2200:

A2300 :

IF R(11<0.75 AND R(1)>0.25 THEN
GOSUB A2600
GOTO A3000

END IF

IF R(1)<0.25 AND R(!)>0  THEN
GOSUB A2700
GOTO A3000

END IF

IF E(1)>0.25 AND E(1)<0.61 THEN
NTU() 2.i064*E(1)-0.2882
RETURN

END IF

IF E(1)>0.50 AND E (1)<0.956 THEN
NTU(1)=10* (1.6035*E(1)-0.9766)
RETURN

END IF

iF E(1)>0.955 AND EUX0.986 THEN
NTU(1)=10" (4.5566*E(l)-3.7555)
RETURN

ELSE
NTU(1)=10* (11.0835*E(1)-10.1839)
RETURN

END IF

IF E(1))0.29 AND Ed) <0.58 THEN
NTU (1) 2.2697*E(1)-0.3187
RETURN

END IF

IF E(1)>0.57 AND Ed) <0.91 THEN
NTU(1):10*(1.5259*E (1)-0.8746)
RETURN

END IF

IF E(1)>0.90 AND Ed) <0.97 THEN
NTU(1) 10 (2.9962*E(1)—2.1885)
RETURN

ELSE
NTU( 1) 10~(7.3592%E(1)-6.3692)
RETURN

END IF

IF E(i)>0.29 AND Ed )<0.506 THEN
NTU (1)=2.8462*%E (15 -0.4546
RETURN

IF Ed)>0.505 AND Ed) <0.851 THEN
NTU(1) 10*(1.8756*E(1)-0.9536)
RETURN

END IF

IF Ed)>0.85 AND Ed) <0.921 THEN
NTU(1)=10(3.119i*E(I)-1.9883)
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RETURN
ELSE
NTU(IX10"(4.9732*E(1)-3.5942)
RETURN
END IF
GOTO A3000
A24Q0 :
IF E(1)>0.29 AND E (1)<0.471 THEN
NTU(1)=3.085*E(1)-0.4705
RETURN

IF E(l) >0.47 AND £(1X0.651 THEN
NTU(1) =10 (1.9726*E(1)-0.9303)
RETURN
END IF
IF E(1)>0.65 AND E(1)<0.761 THEN [ : \
NTU(1) =10 (2.2386*E(1) —1.1021) J '
RETURN x$
ELSE ‘"’///
NTU(1)=10~(3.6276*E(1)-2.1594) ' \\~~.«—f//
RETURN
END IF
A2500 :
GOSUB A2300
NTUL.(I) NTU(1)
GOSUB A2400
NTU2(1) NTU(1)
NTUd) ((1-R(1))/o .25)*(NTU2()-NTUI(1))
NTU(1)=NTU2(1)-NTU (1)
RETURN
A2600 :
GOSUB A2200
NTUL(1! NTU(1)
GOSUB A2300
NTU2dXNTUd)
NTUd)=((0.75-R(1))/0.5)»<NTU2 (1)-NTU1(D)
NTU(1)=NTU2(1)-NTU(1)
RETURN
A2700
GOSUB A2100
NTUL(1)=NTU(1)
GOSUB A2200
NTU2(1) NT (i)
NTUd) ((0.25-RC1))/0.25)*(NTU2(1)-NTU1 (1))
NTU(1) NTU2(1)-NTU(1)
RETURN
A3000 :

._/"

N(1) (NTU(L)*CMINd ))/(UAV(1)*APd )*10"{-3))
FC1(1) !.22/REC(1)0.252
FHl(l) 1.22/REH(1)*0.252
PC(1) (FOId)*LP(L)*wc(l)'2*20~(-3))/(4*SC(1)*BP(1)“3*WP(I)'2)
i FH1(1)*LP 1*WH&1“2*10( 3) )I(4*SH()*BP(I1'3*WP(1)'2)
Rt L L L L R YRR Dass *EErEEREEREERESEE
GOSUB HOUSE2
A3010 :
LOCATE 22,16
print "1) NEW CALCULATION 2) PRINT 3) DOS%
LOCATE 23,25
PRINT "PLEASE SELECT"
locate 23,40
iNPUT " ", DS
IF LEN(DS) 0 THEN
locate 24,25



A5500 :

A6000 :

A6100 :

PRINT CHRS(/?;

locate 24,25

PRINT "NOT ENOUGTH CHARACTER
END IF
IF LEN(DS) ) 1 THEN

locate 23,25

PRINT CHRS(7) ;

locate 24.25

PRINT "PLEASE INPUT IN RANGE

GOTO A3010

IF OS < "1" AND DS <) "2" AND
GOTO A3010

END IF

LOCATE 23,41

PRINT DS;

IF DS : "I" THEN
GOTO START

END IF

IF DS "2" THEN
GOSUB HOUSE3
GOTO A3010

END IF

IF DS "3" THEN

[
END IF

IF CS-"H" THEN
TAH(1)-TIH{1)
GOSUB A6100

ELSE
TAC(1)=TIC(1)
GOSUB A7100

END IF

RETURN

IF AS<>®'m then"
GOTO A6100 .

END IF

RETURN

IF AS:"!" THEN
GOSUB A8000
GOTO A6101

END IF

IF AS "2" THEN
GOSUB A9000
GOTO A6101

END IF

IF AS 3" THEN
GOSUB A10000
GOTO A6101

END IF

IF AS:"4" THEN
GOSUB A11000
GOTO A6101

END IF

[F ASA'5" THEN
GOSUB A12000
GOTO A6101

END IF

IF AS 6" THEN

DS <)

ngu

THEN
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A6101

A7000

A7100

A7101:

A8000 :

GOSUB A13000
GOTO  A6101
END IF
[F AS:" 7" THEN
GOSU3 A14000
GOTO  A6101
END 1F

RETURN

IF 3S<>"3" THEN
GOTO A7100

END IF

RETURN

[F 3§:" 1" THEN
GOSUB A15000
GOTO A7101

END IF

IF "2" THEN
GOSUB A16000
GOTO  AT7101

END IF

[F 3 "3" THEN
GOSUB A17000
GOTO  A7101

END 1F

[F 3 -"4" THEN
GOSUB A18000
GOTO A7101

END IF

IF 8 "5" THEN
GOSUB A19000
GOTO A7101

END IF

IF “5" THEN
GOSUB A20000
GOTO A7101

END IF

[F 3 "7" THEN
GOSUB A21000
GOTO  A7101

END iF

RETURN

iF TAH(1)<277.45 THEN
KH(1)=((((TAH(11-272)%0.0071/4.441+0.317)*1.7307
GOTO A8100

END IF

IF TAH(1X 284 THEN
KHO) ((((TAH(11-277.441%0.0071/5.561+0.3241*1.7307
GOTO A8100

END IF

IF TAH(1)< 288.57 THEN
KH(1)={ (TAH(11-283.99)*0.0071/5.561+0.3311*1.7307
GOTO A3100

END IF

IF TAH(i)<294.12 THEN
KH(1):((! (TAH(11-238.561%0.0071/5.551+0.3381*1.7307
GOTO A81Q0

END iF

IF TAH(1X 299.68 THEN
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48100:

A9000 :

A10000

KH(  ((((7AH(D-294.111*0.0061/5.551+0.345)+1.7307
GOTO A81G0

END iF

IF '«HO <305.23-THEN
KH(  :(( (TAH(1)-299.57!*0.0061/5. 55)-0.351 )* 1.7307
G010 «3100

END iF

IF TAH(1)<310.19 THEN
KH(!) =((( (TAH0-305.231*0.0061/5.555)+0.3571*1.7307
GOTO AS 100

END iF

'F TAH(1)<321.9 THEN
XH(1): ((((TAH(11-310.191%0.0091/11.111+0.3631*1.7307
GOTO A8100

END iF

iF TAH(1)<333.01 THEN
KH(i)- ((((TAHO0-321.91%0.0071/11.0+0.372) *1.7307
GOTO «8100

END iF

iF 7AHi1)<344.12 THEN
KHo =i #((TAH(1)-333.01J+0.0061/11.111+0.3791%1.7307
GOTO AS10C

END iF

IF TAH(1)< 355 .23 THEM
KHO =<(((TAH(11-344.121%0.0051/11.11 )+0.385) +:.7307
GOTO A8100

END iF

iF TAH(11< 366.34 THEM
XHO ( (TAH(11-355.23)*0.0031/11.11 1+0.390)*1.7307
GOTO A8100

END IF

IF TAH(1)<377.45 THEN
KH(1)=< ((<7AH(11-366.331*0.0021/11.1 11+0.3931 *1.7307
GOTO 48100

END iF

1F TAH(11< 388.57 THEN
KH(i)  ((TAH(11-377.441%0.0011/11.121 +0.3951*1.7307
GOTO A8100

END IF

IF TAH(11<410.78 THEN
KH(11=0.396 * 1.7303

GOTO A8100

END IF

RETURN

W(l)  TAH(i) - 3.435 - 273
H(2)= 2.1482*(W (i1 + SQR(8078 .4 + (1)~21) - 123
MMH(1)= (1/MMH(2)1 *0.1
SHU) 1000
CPH(I): 4.2
RETURN

GOSUB A8000
SH(I)=1.i28%10~2

3R(1L 21

AAS(11=951. 912

8S(1) -2.945 '
CPH(1):(1-(0.006*BR(1)11%4.2

KH(11 KH(11*( 1-10 (-51*556*201

MMH(11 10'(AAS(Li/TAHU)+BS(I)1*10" (-3)
RETURN



SH(i) 1.176%10~3
3R (i) 30.7
AAS ) 1075.773
3 (1) -3.11777
CPH ( - (0 .006WBR(!) ;)*4.2
KH ) 1<H( * <1-i0~'-5)*556%30)
MMH(  10~(AAS(1)/TAH( +8S(i)!I*10%(-3)
RETURN
Al 1000
GOSUB A8000
SH(1) 1.236*10"3
3R( 40.9
AAS ( 1204.136
3S( -3.30012
CPH ( -(0.006*BR( ))*4.2
KHC (KH(D)*(i-10"(-5!*556%40)]
WH( 10 AAS( /TAH )*aS ))*10 -3)
. RETURN
A2000:
KH(i) :' .-482604
SH(  1.160*1Q"3
AAS ( 1146.385
S . 27534
MH( 10 'AAS ) [TAH 1= ( )+ 10 "-3)
Mo( 1) (100%(40*SH ( )/ 92.09)/((((4 0¥sri(11)/ 92.09)* (60%¥10~2/18 1
CPH ) <-0.00359*MO( -0.3021131*4,2
RETURN
A12000:
KH ( 414511048
SH(  1.180%10-3
AAS(1) 1336.369
(- .71784
MH(L) ! ~(AAS( /TAH( = (1))*10"(-3)
MO(  (100%(5Q*SH(1))/92.09 )/(((!50*SH( )/(92.03!*(50%10~3/18)!))
C?H(1) (-0.00859*M0(1)+0.3021191%4.2

RETURN
Ai 4000 ;
KH( .3807617
SH(1) 1.211*10 3
AAS( ! 75.576
3 ( -3.61328
MmH(1), 10 (AAS(i )/TAH(i )+BS( )*10*!-3)

MO ) 2100%(60*SH(1))/92.39)/((((60*SH(i)i/(92.09) +(-0*IQ~3/18))))

CPH(1) (-0 .00369*MO )+0.902119)*4.2

RETURN

A15000 :

IF TAC(1)<277.45 THEN
KC(!) =((( (TAC )-2731*0.007)/4.44) +0.317!*1.7307
G010 A15100

END IF

IF TAC ) <284 THEN
KC! ((TAC )-277.441*0.007)/5.55)+0.324)*1.7307
G010 A15100

END IF

IF TAC( <288.57 THEN
KC( ((((TAC )-233.99)*0.007)/5.551+0.3311%1.7307
GOTO Ai5loc

END IF

IF TAC( <294.12 THEN
KC( ((((TAC )-288.56)*0.0071/5.551+0.338)*1.7307
GOTO A15100

END IF

IF TAC (i) <'>Q9 .68 THEN
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KC! 1 ((TACID-294.il)*0.006)/5.56)+0.345)* .7207
GOTO Ai 5100

a\D F

* TAC!1)<305.22 THEN
KClii * 1i1TAC(11—239.573 *0.006)/ 5.55)-0. 351)* i.7307
GOTO Ai5100

END IF

IF TAC(i;<210.13 THEN
KC!  <(((TAC!1)-305.23)*0.306)/5.555) *0.257) *1.7307
GOTO A15i 00

END IF

IF TAC( <321.3 THEN
KC(1) =<(((TAC!1)-310.19)*0.009)/11.11)+0.363)*1.7307
GOTO A 15i 00

END IF

IF TAC!1)<333.01 THEN
KC(LX((((TAC (1)-321.9)%0.007)/'11.il)+0.3721*1.7307
GOTO A 15100

END IF

1F TAC(1}< 344.12 THEN
KC!i; ;1. wTAC Cl)—333.011+0 .006) /i 1.i1;-0 .373)*i.7307
GOTO Ai5100

END F

IF TAC(1)<355.23 THEN
KC(1) =((((TAC(1)-344.12)*0.0051/11.11)*6.385)*1.7307
GOTO A 15100

END IF
IF TAC!i)<366.34 THEN
AC(i; ! I11TAC(11-355.23)*0.003)/11.11)*0.390)*1.7307
GOTO Ai 5100
END IF

IF TAC(1)<377.45 THEN
KCI1! 11 ((TAC!i!-366.33)*0.0021/11.11]+0.393)*1.7307
GOTO A 15100

END IF

IF TAC(1X388.57 THEN
KC(i; I!II(TAC!1)-377.44)¥0.001)/11.12)+0.395)*1.7307
GOTO A15100

END IF

IF TAC(1)<410.78 THEN
KC(1) 0.396 * 1.7303

GOTO Ai 5100

END IF

RETURN

Abioo:

MMC(2) TAC(1)-3.435 - 273
MMC(2) 2.1482*(MMC(2) + SQR(8073.4 - MMC!2)-~2)) - 120
MMC(i )= (1/MMC(2))*0 i

sci1) 1000
CPC(l): 4.2
RETURN

Albooo:

GOSUB Ai 5000

SC(1) !.12B*i0"3

3R(1) 21

AAS(l) 951.312

3S(1) -2.945
CFC!11)=;1-10.006+8R(!)))*4.2

KC( KC(I)*(1-10(-5)*556%20)

MMC (i) 10" (AAS( [TAC(I)+3S(1))*10"(-3)
RETURN

A1'7000 :

, R mnfifl



SC(1)-1.176%*10*3
3R(1)-20.7
AAS (11=1075.M3
3S( - 11777
C2C(N):(I1-10.006*8R(i)))+4.2
KC(1)=xci11*(i-10'~ ¢-5)*556*30)
MMC( =10~(((AAS(1)/TAC( ))+5S( )*10*-3
AIB(DORETURN
GOSU8 A15000
SC(1)=1.236%10*3

3R( 40.3
AAS(1)=1204.186
3S( -3.20012

CPC( :!1-(0.006*8R(1)))*" .2
xcl  ;KC( *(1-10 (-5)*556*40))
MMC (1) 10* (AAS(DITAC ( + () *10*(-3)
RETURN
A19000 :
AC( . 4482604
SC! 1.160*10*3
AAS(  1146.385
3S(1)=-3.27534
MMCI1] 10 (AAS(L!/TAC(1)+3S( )*10%(-3)
MO (100*(40»sc( )/92.09)/(( ((40*SCI1) 1/32.09) +(60*10*3/18 )i
C2C( !-0.i0369*MO( +0 902113) *4.2
RETURN
A20000;
e, .. 414511048
SC(l):i.180*10*3
AAS!  1336.369
3 -3.71784
MMC(  10* (AAS( /TAC( *3S( )*10*(-3)
MO( 1):( 100*( 50*sc! ) /92.09)/((((50*SC( 1/(92.09)+{50%10%3/18))))
CPC(  (-0.00369*MO( +0.902119)*4.2
RETURN
A21000 :
KC( .3807617
SC(1)=1.211*10*3
AAS(  1375.676
3S( - .51328
MMC( :10* (AAS( /TAC (1) +8S(1)) *10*1-3)
MO(  (L00*(60*sc( )/92.09)/((((60*SC(1))/(92.09)+ (40*10%3/18))))
CPC( :(-0.Q0369*MO(I)+0 9021191 *4.2

RETURN
PRINTOUT:
' PREPARE FOR PRINTOUT
RETURN
HOUSE? :
CLS
PRINT TA3(16);"INPUT DATA"
PRINT TAB(44);'HOT LIQUID COLD LIQUID"
PRINT TA3(5);"Type";
PRINT TA3(42);NiS(VALIAS ;TA3(50);N2S(VALI!3S))
PRINT TAB{5);"Mass Fiow Rate KG/S";tab(45);(PRINT USING " ,
PRINT '« ";:PRINT USING “Tt.tttf.swr ;WC(1)
PRINT TA3(5) ;"Iniet TeniDerature K tab(45) ; (PRINT USING " ,
PRINT " ";:PRINT USING H't,m.8SH;TiC(l)
PRINT TAB(5) ("Outiet Temoerature K ;tab(45); (PRINT USING " ,
PRINT " " ;:PRINT USING " , . ";T0C (1)
PRINT TA3(5):"Fouling Factor M*2K/W* (tab(49);(PRINT USING " .

MT «001MT liguir "e wrf

.33

5
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"TIH(D;
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" FH(



PRINT "A8 115) "PLATE CHARACTERISTICS"
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PRINT rAB(5): ‘Surface Area oer -'ate 1AT2 PRINT USING ¢4 . ‘ot td 1p(11
PRINT 7A3(5): "“' Icxness M - PRINT USING 155 . Ap (1)
‘R NT TAB( ), "LENGTH .M PRINT USING  .555. 555551 L2(i)
PRINT TAB(5): " iath oM PRINT USING 15 1*35. *555% ;4P(1)
PRINT 7AB(5) ;"Plate Gap 1M PRINT USING  ,**4r.*5*4* 13P|X:
PRINT TAB(16) :"OUTPUT RESULTS"
PRINT TAB(5): "Reyno;  Nu.moer LTAB(-51 PRINT USING " *, ** * '« REH(l
PRINT " ";:? PINT USING +m , ** **":SECLi)
PRINT ~A8(5):"Pressure Droo .. M~2";TABUS) (PRINT USING " *,555.*5 PH{1)
PRINT " PRINT USING " , l:*. *":PC!11
PRINT TAB(5) :"Heat 'ranter Rate KW ":  PRINT USING 15544 ** 1Q(X)
PRINT 7A8(5) ;"Overal 1 Heat Transfer Coeff clent. /M~2X " PRINT USING *55,555.55" 1UAV(1)
PRINT TAB(5); "Total Surface Area Reauirea VT2 " 'PRINI USING *4 *d 1% AP (i ;*N(i)
PRINT TAB(5); "Number of Thermal Plates "+ PRINT USING '55,555.*5";N:n
RETURN

HOUSES :
-PRINT TABUS) ;"INPUT DATA'
-PRINT AS!--); l-IOT LIQUID COLD Li QuID"
"-PRINT
172RiNT TAB(42); N1 (VAL(AS;;:TAB<60) :N2 (VAL(3 )i
-PRINT TAB15>:"Mass Plow Rate AG ";tao(45i -PRINT USING ,  .i* * D H(:
LPRINT ® « :LPRINT USING " .* #.*## "'Kd)
[print TAB() ;"Inlet Temperature K ":tables) ;:.PRINT USiNG * 1¥55.%5 7IH(1
print " LPSINT USING m ,5%3. *' Ticlii
[print TAB(5);"Quilet Temperature K mtap(45); LPRINT USING ¢5,555.55 TOH (1
LPRINT " :LPRINT USING -*,*** *#" :TOC(I)
LeRINT TA(s1 "Pouli Factor M~2K/r :tab(49  LPRINT USING " . **** " FH
LPRINT " oo :LPRINT {EI ¥kixe [C(1
LPRINT TAB ;16):-PLATE CHARACTERISTICS“
LPRINT 7A8( ):"Surface Area per Plate -PRINT USING * ,5*5 .*4444 AP (i)
LPRINT TAB(5);"Thicxness M " LPRINT USING 515*5.55555 XP!1]
LPRINT TA3(5) ;" !ath M " LPRINT USING *15%*5 *4545  P(1;
LPRINT B( ) "LENGTH M " LPRINT USING * ,*4551*44*5 [P (1]
LPRINT TAB(5);"Plate Gap LPRINT USING * 1*5* "4t BP (1)
LPRINT
LPRINT TAB(16);"OUTPUT RESULTS"
LPRINT TAB(5);"Reynolds Number " TAB(45); LPRINT USING " *, ** ** " REH(
LPRINT " ";-LPRINT USING " ,** . #";REC(l)
LPRINT FAB(5 ;'Pressure Drop IKN/M"2";TAB(45); :LPRINT USING " *L* .**  ":PH(li
LPRINT " ";:LPRINT USING " ,***. 33":PCil)
LPRINT TA315) "Heat Tranter Rate 1HV LPRINT USING ' * ***  *";Q(1!
LPRINT TAB(5) "Overal ! Heat Transfer Coefficient 1 /MK " :LPRINT USING "33,335. *',;UAV(
LPRINT 7AB(5);"Total Surface Area Required M2 - LPRINT USING " * **# . **";APIi)*N(1)
LPRINT TAB{5); "Number of Thermal Plates “LPRINT USING * * ** _x#":Nil)

RETURN



APPENDIX B

Physical properties of liguids
B.1 Water
B.1.1 Vi5C0Sity
The viscosity relationship for water as a function of
temperature is as follow (253
1 = (2.1482 * [ (t-8.435) + y8078.4 + <t-8.435)a ] -120)
1
where 7 = viscosity
t = temperature
B.1.2 Thermal Conductivity
Values of the thermal conductivity and Prandtl number of water
as a function of temperature are presented in the table below [6]



320

Temperature Thermal Conductivity Prandtl number
( °c ) ( I .K) <dimensionless)
21.11 0.597 6.83
26.67 0.607 5.92
32.22 0.618 5. 18
37.78 0.628 4.57
48.89 0.644 3.65
50.00 0.656 3.01
71.11 0.666 2.52
82.22 0.675 2. 16
93.33 0.680 1.89

B.1.3 Specific heat

The specific heat of water is essentially constant [251

c = 4.1868 kJlkg.K

B.1.4 Density

The density of water is essentially assumed constant

throughout this study.

/ 1,000 kgl 3



3.2 Syrup solution (Sucrose Solution)

B.2.1  Viscosity

The viscosity a
percentage of sucrose by
present study sucrose  so:
were used. The  visco
Engineer I Handbook (1963)

Used to estimatfd the viscos

is as follows
107Jd = € AIT )+ B
Where = oViscosity
T = absolute |

The constant A i
plot 1 23d vsio (UT), ]
relations  for 20 and 40

shownin Fig.  B-1  based

321

lcp
1K

for 30 percent by weight sucrose solution correlation is presented

in Fig. 8-2 Dbased on our own experimental data shown in Table B-2.



Table B-I Viscosity of Sucrose Solutions

<*ic f3)

3.663
3.597
3.533
3.472
3.412
3.355
3.300
3.246
3. 194
3. 144
3.095
3.048
3.003
2.958
2.915
2. 873
2.832

2.793

Percentage sucrose by weight

20

818

. 166

662

275

967

710

510

336

197

074

974

887

811

145

588

637

592

552

14.

11

40

820

600

830

496

223

206

398

176

261

858

. 506

227

989

185

614

467

339

226

C127

041

582

501

425

357

294

233

179

. 126

078

031

011

052

091

128

162

196

228

258

A

064
993
875
194
17
543
o717
513
456
. 399
. 348
299
252
208
. 166
127
088
052

017
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0.7
0.5}

0.3F

LOG yU

0.1

-0.1 | L |
3.053.1 3.2 3.3 3.35

1/T x 103 (K~1)

Figure B-2 Temperature-viscosity relation for 30 wt% sucrose solution

(Based on measured datai.



Table 3-2 Experimental measurement of viscosity
sugar solution,
/T
(%10 ) M log u,,
( K.1 ) (cp)
| 3.300 2.354 0.372
| 3.194 1.823 0.261
3.095 1.419 0.152

The  slope
relation  for gach

the following table:

and  intercept of

the

525

of 30% by weight

temperature-viscosity

sucrose solution used in this study are given in

Percent sucrose slope intercept
by weight A B
20 951.912 - 2.994
30 1075.743 - 3.118
40 1204, 186 - 3.300
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3.2.2 Thermal Conductivity

The thermal conductivity of the sucrose solution can be

calculated using the following equation [26]!

K =K <1 - 10~5 up )

Where K = conductivity of water at the same

temperature applied 10 wattlem, ¢

D grams of solute sucrose per 100 ¢ of solution

constant = ss6 for sucrose solution, ¢

s
"

k = thermal — conductivity — of  sucrose solution

110 wattlem. ¢

B.2.3 Specific heat

The specific ~ heat  of  the sucrose salut'on may  be

approximated using the following equation [27,28]:

c = 1- 0.006*3
Where B = percent brix of the solution, brix
°) = heat capacity lglcal- <

A refractometer is used to measure the percent brix of the

solution, which s presented in the following table:
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Percent sucrose Percent Brix
by weight
20 21.0
30 30.7
40 0.9

B.2.4 Density

The density of the sucrose solution s assumed to  be
independent of temperature.  The density of the sucrose solution,
which s measured with a piconometer at room temperature (3L C), is

[isted in the table below:

Percent sucrose yo * 103
by weight ( kg/m3 )

20 L. 1280

30 LATHT

) 1.2364
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8.3 Glycerine

3.3.1 Visees ity

[nthe present study glycerine solutions of 40, 50 and 60
percent by volume of glycerine are used. The measured value of the
viscosity as a function of temperature is presented in Table B-3.
The temperature-viscosity plot for the glycerine .solution based on

equation B-l is presented in Fig. B-3.

Table B-3  Vicosity measurement of glycerine solution as a

function of concentration in volume * and temperature,

LT glycerineg F j.>* 103 Il
(*10~3) %by volume (¢p) (feglm )
[ k1)
3.300 1 3. 197 11603 0.505
50 £.915 11804 0.692
60 §.372 ARY 0,923
3. 194 40 2,461 1.1603 0.391
50 3.581 11804 0.554
60 6. 170 ARy 0.790
3.095 1 1.863 11603 0.270
5 2.620 L. 1804 0.418

60 4380 BVARY 0.541
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Figure B-3
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Temperature-viscosity relations for glycerine solution

(Based on measured data).
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The slope and intercept of temperature-viscosity plot for

glycerine are listed in the following table:

Percent glycerine slope intercept
by volume A B
4 1146.385 - 3,276
0 1336.369 - 3718
h0 1375.676 - 3,613

B.3.2 Thermal Conductivity

The thermal conductivity of glycerine is assumed to be

independent  of temperature within the range of 20 to 100

C.

Presented Dbelow s Perry's Chemical Engineers' Handbook's data for

the thermal conductivity of glycerine.

Temperature  Percent volume  Thermal Conductivity

( °c ) of glycerine ( Wim.K )
20 100 0.2838
20 §0 0.3271
20 60 0.3808
20 40 0.4483
20 20 0.4811

100 100 0.2838



331
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Figure B-4  Thermal conductivity versus Glycerine concentration <vol%)
(Based on Perry's Chemical Engineer’s Handbook

Fourth Edition, 1963).
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Fig. B-4 shows the plot of thermal conductivity of glycerine«'
versus o glycerine concentration as obtained from Perry's Chemical

Engineers' Handbook.

3.3.3 Specific heat
The specific heat of aqueous solutions of glycerol, which s

obtained from Perry's Chemical Engineers’ Handbook is listed below:

Percent mole  Specific heat

of glycerineg (cal.lg-°C )

211 0.960
466 0924
11.50 0.341
22.10 0,758
43,90 0.672
100.00 0.576

Fi?.  B-5 shows the plot of specific heat of glycerine versus
mole X of glycerine, as obtained from Perry’'s Chemical Engineers'
Handbook.

B.3.4 Density

The density of  glycering Is assumed independent of
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Figure B-5 Specific heat versus Glycering concentration (mole %)

(Based on Perry's Chemical Engineer's Handbook Fourth

Edition, 1963).
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temperature.  The density of glycering, which is measured using a
picnometer at room temperature <31°C), is presented in the table

below:

Percent glycerine / * 103
by volume ( kg/m3 )
1 1.1603
50 130
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