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ANTINIBNNHANITNARNDI

NINARDIN 1

Condition : T,in = 170
m, = 0.02
Hin 0.019
x (m) 1
Tair (C) 102
Tsout
AP

C

Kg/s

Kg/k

33

0.005

76

C
kg/s

% wet-basis

54

AU INENTNEINS
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% wet-basis
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AU RNNNAINITNAADI

a
NINA[BIN 2

Condition : T,in = 170 Cc Tsin = 33 C
m, = 0.025 kgls ms = 0.005 kg/s
Hin = 0.019 kg/kg Win = 516 % wet-basis

R I;' f 4
x (M) 1 ™ & 5 6

69 60

Tair (C) 125

Teout = : W ¢ "= 46.8 % wet-basis

¥
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ANTWUBNNHANITNARDI

=
N1INA[IN 3

Condition : Tain = 170 C Tgin = 33 C
m, = 0.033 kg/s mg = 0.005 kg/s
Hin = 0.019 kg/kg Win = 516 % wet-basis

x (m) 1 5 6
T.r (C) 142 106 92
Tout = 3 50,4698 % wet-basis
AP

Y,
-

-

AUEINENINYINS
RN TUAMINGAY



ATWURNNHANIINARDI

=
N1INA8IN 4

Condition : T,in = 170
m, = 0.05
Hin 0.019

x (m) 1

Tar (C) 164

Tsout =

AP

C

kgls

33

0.005

79

C
kg/s

% wet-basis

120

AUEINENINYINS
RN TUAMINGAY

% wet-basis
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Gl'li’ldﬁ%ﬁﬂﬂaﬂ’liﬂﬁaad

=
N1INaKaIn 5

Condition : T,in = 180 C Tegin = 32 C
m,= 002 kg/s mg = 0.005 kg/s
Hin = 0.018 kg/kg Win = 522 % wet-basis

X (m) 1 5 6
T.ir (C) 110 53 53
Teout = 47.8 % wet-basis

AP

-

AUEINENINYINS
RN TUAMINGAY



ATVURNNHANITNAFDY

=
N1INA[DIN 6

Condition : T,in = 180
m, = 0.025
Hin = 0.018
x (m) 1
Tair (C) 135
Tsout =
AP = 2

c Tn = 32 C
kg/s mg, = 0.005 kg/s
kakg Win = 522 % wet-basis
'] 6
100 69 68
47.01 % wet-basis
3l .
ii:.q.
A3

AUEINENINYINS
RN TUAMINGAY
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AT WURNNHANISNARDY

P>
N1INA[/IN 7

Condition : Tyin = 180 C Tsin = 32 C
m, = 0033 kg/s mg = 0.005 Kkg/s
Hin =

0.018 kg/kg Win = 522 % wet-basis

X (m) 1 & 3 5 6

105 100

Tair (C) 150

Tout = 475 % wet-basis

AP

AUEINENTNYINS
ARIANTUNMININY
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ATV LURNARANIINARDY

NMINARDIN 8

Condition : T,in = 180 C Tsin = 32 C
m,= 0.05 kg/s ms = 0.005 kg/s
Hin = 0.018 kg/kg o Win = 522 % wet-basis

X (m) 1 2 > ﬂ’y ’ 5 6

Tar (C) 166 158 __-_",.jﬁ 142 126

Teout = 3 ; Wo 1 'S0 4852 % wet-basis

-

AUEINENINYINS
RN TUAMINGAY
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ATVURNNHANITNAR DY

NINARDIN 9

Condition : T,in = 190 C Tgin = 32 C
m,= 0.02 kg/s mg = 0.005 kg/s
Hin = 0.019 kg/kg Win = 50.9 % wet-basis

\
W7/
xm | s Az 5 | o
T () | 115 54 54
Toout = 4 W ot S, 46.05 % wet-basis

AP

-

AUEINENINYINS
RN TUAMINGAY
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MINaaadIn 10

Condition : T, in

32

0.005

85

C
kg/s

% wet-basis

190 C Tsin
m , 0.025 kg/s mg
Hin 0.019 kg/kgv .
1 'ff
x (m) 1 'J/
T (C) 137
Tsout =
AP

69

ﬂummamwmm
qmmmmumwmaa

% wet-basis
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NINA8aIN 11

86

Condition : T,in = 190 C Tsin = 32 C
m, = 0.033 kgls ms = 0.005 kg/s
Hin = 0.019 kg/kg, Win = 50.9 % wet-basis
x (m) 1 5 6
Tair (C) 155 112 105
Teout = 45.59 % wet-basis
AP

i ¥

AUEINENINYINS
RN TUAMINGAY
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AT BNNHANITNARDI

MINAaaIN 12

Condition : T,in = 190 C Tsin = 32 C
m,= 005 kg/s ms = 0.005 kg/s
Hin = 0.019 kgkg Win = 509 % wet-basis

x (m) 1 5 6
Tar (C) 177 149 136
Teout = : =0 46.77 % wet-basis
AP

-

AUEINENINYINS
RN TUAMINGAY



AT WUBNNNANIINARDY

MINeaadIn 13

Condition : T,in = 200
m,= 0.02
Hin 0.019
x (m) 1
Tair (C) 118
T,out =

AP

88

C Tgin = 33 Cc
kg/s mg = 0.005 kg/s
kg/kg Wiin % wet-basis
'nv”f r L
e 6
54

AULINENINGINS
RN TUAMINGAY

% wet-basis
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AU WBNNHANITNARDY

NINARBIN 14

Condition : T,in = 200 ] Tsin = 33 C
m, = 0.025 kg/s ms = 0.005 kg/s
Hin = 0.019 kag/kg Win = 528 % wet-basis

x (m) 1 &V i 5 6

85 80

Tar (C) 142

T.out A3 W out = 46.94 % wet-basis

AP

-

AUEINENINYINS
RN TUAMINGAY



ATVLWNNHANIINARDI

NMINA8nIN 15

Condition : T, in 200 C

m , 0.033  kg/s

H in 0.019  kglkg

x (m) 1
Tair (C) 164
Teout =
AP

[}

33

0.005

90

]
kg/s

% wet-basis

o

109

AUEINENINYINS
AN TUAMINYAE

% wet-basis
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=
NINAKaIN 16

Condition : Tain = 200 C Tsin = 33 C
m,= 0.05 kg/s ms = 0.005 kagl/s
Hin 0.019  kg/kg_ . Win % wet-basis
Il. l r ,‘y’
cm | AN :
Tair (C) 185 150
Tsout % wet-basis
AP

)

¥

AUEINENINYINS
AN TUAMINYAE
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HAaN1IIN|DINULY

o
§N1ENNINARDIN 1

Condition : T,in = 170
m, = 0.02
Hin = 0.019
X w
(m) (%) /
0 51.60 .0
1 49.24
2 48.23
3 47.72 0.
4 47.57 0.05
5 47.57 0.0592.
6 47.57

AULINENTNEINT

C
kg/s
ka/

T.n= 33 C
ms= 0.005 kg/s
Win = 516 % wet-basis
S
Z—
U, Us
S (mis) (ms)
.83 0.01
.02 2.34
4.72 2.15
3. 4.57 1.98
4 4.48 1.88
4.48 1.86
8 1.86

ARIAATUAMINYAE




HAaN15N[ILUY

=
§N1TNIINARBIN 2

33

Condition : T,in 170 C Tin

m, = 0.025 kg/s m,= 0.005

H in 0.019  kg/kg

C
kg/s

% wet-basis

X W Ug
(m) (%) (m/s)
0 51.60 0.01
1 49.68 3.60
2 48.70 3.66
3 47.91 3.53
4 47.48 3.36
5 47.05 3.25
6 46.80 3.14

ﬂ‘lJEl’J‘VIEWI‘iWEI']ﬂ’i

ammmmumwmaa
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HANIIINRDIUUL

§NNENINARDIN 3

Condiion:  T,in = 170 C T,n= 383 C
m, = 0.033 Kkg/s m, = 0.005 kg/s
Hin = 0.019 kgk Win = 51.6 % wet-basis
S
- =
X w "y U, Ug
(m) (%) {, | (ms) (ms)
0 51.60 : 0.0 ' 9.63 0.01
1 50.02 0280 .1 | L [ 9.01 5.32
2 49.21 | 148 W e7 5.82
3 48.40 | o@3sf | 1 % 42, 8.57 5.87
4 4793 | 00 02,2 ; 8.44 5.85
5 47.51 0.044 5 8.30 5.73
6 47.08 : : 15 5.59

AULINENTNEINS
ARIAATUAMINYAE



HAaN15NaDINULY

o
§N1TN1INARBIN 4

Condition : T,in = 170 C Tsin
m,= 005 kg/s m g
Hin 0.019  kg/kg W in

kgls

% wet-basis

X W Us
(m) (%) (m/s)
0 51.60 0.01
1 50.41 8.51
2 49.65 9.82
3 49.25 10.34
4 48.85 10.54
5 48.44 10.54
6 48.03 % =0.0343 T 1201 T Sz 00 T ts. 10.54

AULINENTNEINT

1
J

ARIAATUAMINYAE




HAanN15NaaINL

FNENINARDIN 5

Condition : T,in = 180 C Tsin = 32 C
m,= 002 kgls ms= 0.005 kg/s
Hin 0.018  kg/kg Win 52.2 % wet-basis

X W Us
(m) | ) |*MRoe O ms) | ()
0 52.20 | ! 0.01
1 49.80 2.37
2 48.72 2.18
3 48.19 1.98
4 48.00 1.88
5 48.00 1.86
6 48.00 1.86

AULINENTNEINT
ARIAATUAMINYAE

97



HAaN15N[AIULY

a
FN12ENNINARDIN 6

Condition : Tain = 180 C
m, = 0025 Kkg/s
Hin = 0.018 kg
X W
(m) (%)
0 52.20
1 50.17 r03
2 49.10 4 o
3 48.28 0.0487
4 47.79 0.05
5 47.37 0.0557
6 47.04

AULINENTNEINT

Tsin = 32 €
m¢, = 0.005 kg/s
Win = 522 % wet-basis
S
=
U, Us
(m/s) (m/s)
7.43 0.01
6.66 3.65
6.35 3.72
3 6.13 3.58
5 5.94 3.40
5.83 3.28
1 3.16

ARIAATUAMINYAE




HANISINRDIULL

a
§N1TNINARBIN 7

Condition : T, in
m 4

H in

180 C

0.033 kg/s

0.018  kg/kg

X W
(m) (%)

0 52.20

1 50.55

2 49.78

3 48.99

4 48.37

5 47.95

6 47.53 {2

F’THEJ’JVIEWI‘EWEI']H’B’

1
J

32

0.005

]
kg/s

% wet-basis

(m/s)

0.01

5.39

5.91

5.96

5.92

5.80

5.67

QW’]Mﬂ‘iﬁUNW]’mEﬂaH
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HAaNI5NRDILUY

FMIZNIINGRDIN 8

Condition : T,in = 180 C Tsin = 32 C
m,= 005 kg/s m¢= 0.005 Kkg/s
Hin = 0.018 kg/k Win = 522 % wet-basis
/‘
- -

X W T U, Us

(m) (%) (m/s) (m/s)
0 52.20 4.87 0.01
1 50.98 0 15 14.32 8.60
2 50.23 1! 14.12 9.95
3 49.72 | 0828 4 13.90 10.51
4 4933 | 0.0 13.68 10.73
5 4893 | 0.03 8 13.45 10.73
6 48.52 23 10.73

AU INENTNEINS
RINNTUUNINYIAY
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HANIIINaDILULY

P
F§N1TNIINARDIN 9

Condition : T,in = 190 C
m,= 002 kg/s
Hin = 0.019 kg/
X w
(m) (%)
0 50.90
1 48.29 1
2 47.05 :
3 46.39 0
4 46.05 0.0 Z
5 46.05 0.0
6 46.05

101

Tn= 3 C
ms= 0.005 kg/s
Win = 509 % wet-basis
e
=
U, Us
(m/s) (m/s)
6.10 0.01
,5.20 2.53
4.87 2.35
4 4.66 2.14
4.57 2.02
4.55 1.97
155 1.97

AULINENTNEINT
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a
§N12eN1INARIN 10

Condition : T,in = 190 C
m, = 0.025 kg/s
Hin 0.019  kg/kg

X W
(m) (%)

0 50.90
1 48.72
2 47.57
3 46.70
4 46.04
5 45.59

6 45.12

32

0.005

Cc
kg/s

% wet-basis

(m/s)

0.01

3.82

3.92

3.78

3.59

3.45

3.34

ﬂ'HEl’J‘VIEWIﬁWEI’]ﬂ’i
ﬂma\aﬂimum'mmaa
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WAaN13918 090U

=
§N122NINARDIN 11

Condition : Tain = 190 C Tsin = 32 C
m, = 0.033 kg/s ms = 0.005 kg/s
Hin % wet-basis

0.019  kg/kg

X W U
(m) | ) » O ms) | (mis)
0 50.90 . 0.06 0.01
1 49.13 ' | 5.59
2 48.16 I " 455 6.15
3 47.31 o ﬁ: 444 6.21
4 46.50 13,06, . 6.17
5 46.05 7 6.05
6 45.60 040 5.92

AU INENTNEINS |
ARIANTAUNNIINGIAY
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HAaN1IANaaINULY

FN1TNINARDIN 12

Condition : Tyin = 190 C Tgin = 32 C
m,= 0.05 kgis mg= 0.005 kg/s
Hin % wet-basis

X w Ug
(m) (%) (m/s)
0 50.90 0.01
1 49.49 8.88
2 48.69 10.28
3 48.06 10.86
4 47.64 11.10
5 47.21 11.11
6 46.77 - 11.11

F’T'LJEJ’JVIEI'VI‘?WEI’]ﬂ’i
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a
FN1TNIINARDIN 13

Condition : T,in = 200
m,= 0.02
Hin = 0.019
X w
(m) (%)
0 52.80
1 50.20 .0,
2 48.95
3 48.31 0
4 47.99 0.0
5 47.99 0.068
6 47.99

kgls
kg/k

105

Tgn= 33 C
m¢= 0.005 kg/s
Win = 528 % wet-basis
. U, Us
(m/s) (m/s)
6.23 0.01
5.27 2.53
4.92 2.34
4.70 212
4.60 1.99
06 4.58 1.94
.58 1.94

AU INENTNEINS
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HAaN151aILLY

a
§N12TN1INARBIN 14

Condition : T,in = 200 C Tsin = 33 C
m, = 0.025 kg/s m¢ = 0.005 Kkg/s
Hin = 0.019 kgk Win = 528 % wet-basis
%
- L
X W - U, Us
(m) (%) ) ANES m/s) (mi/s)

0 52.80 0 ! 79 0.01
1 50.64 03 136 26.94 3.83
2 49.32 4 11, ‘ 6.60 3.94
3 48.51 0.0836 3 , ! 6.35 3.79
4 47.82 0.05 : 6 6.12 3.60
5 47.39 0.0619 6.00 3.45
6 46.96 W20, L5 bs 3.33

AULINENTNEINT
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=
§N1IENIINARAIN 15

Condition : T,in = 200
m, = 0.033
Hin = 0.019
X W
(m) (%)
0 52.80
1 50.94
2 50.11
3 49.33 0.0417
4 48.52 0.04
5 47.97 0.049
6 47.55

C
kgls
kgl

Tein = 33
m,= 0.005
Win = 528 % wet-basis
2
=
F U, Us
(m/s) (m/s)
0.28 0.01
%9.53 5.62
9.25 6.21
5 8.96 6.28
2 8.82 6.21
8.68 6.09
54 5.97

AULINENTNEINT

ARIAATUAMINYAE
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HAaN151aaIlNuL

a
§N12TN1INARDIN 16

Condition : T,in = 200 C Tsin = 33 C
m,= 005 kg/s ms = 0.005 Kkg/s
Hin = 0.019 kg/k Win = 528 % wet-basis
S
< =

X w Ua Us

(m) | ) AR ms) | (mis)
0 52.80 . Q0 ; ' .57 0.02
1 51.45 023t 7 ; Vel 4.94 8.93
2 50.71 161 4 1 1475 10.36
3 49.96 0. ‘ I, : 4.92 14.54 10.97
4 49.57 0.03 : ' 9 14.32 11.24
5 49.17 0.0347. 0. 14.09 11.28
6 48.77 = . 7 11.28

AULINENTNEINT
ARIAATUAMINYAE
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s21i8u35 4"- order Runge-Kutta

Y P v a v o W A i {
MILATZUURUNTNUTENAUAWRUNITLDY a'lr‘lwuﬁ'auﬂU“H\'l“ﬂ']Uﬁuﬂ'ﬁﬁﬁﬂqqulﬁ 81

v a a s ~ th
Taaduwusnu lassziduuds 4 - order Runge-Kutta

a a _ "‘.-‘ ‘ -.'r . nJ A:‘ 1
asunulalasRagso 545 9N UIENAUAILFUNNT 2 FUNNT
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cma”wﬁ"uaos:uuaumsé’ondmmmmL‘quagli'lugﬂ

h
Yiet = (k1y+2k2y+2k3y+k4y)
6

h
Ziy =2zt _(k1z+2k22+2k3z+k42)
6

lag

mmrm w,rm'a'

f2 Xi + lyl

ammmmumwmaa

k4z - f2 X * h, yi * hk3yv z +
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American Society of Agricultural Engineers,

In ( Psat
3206.18

_ 4 : L\ a3 -8 4
274x10" +g4.1 T + 021519 *1,° —0462x10" T,

(1)

Wil 491.69 R<T,<959.69 R

L

v,

Tas

#1t oD uAI VDI LOWN, psia
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k2 U L
9.2 ANTHDNAIVDIDINATH

0.6219P_,
Heat = — (4.2)
Patm - lDsat

lag
& a o & .
He - ANaTuduaaasenmedn, kg/kg dry air
P - anusuladudveslo, psia
Pam - A2UAKUIILING, psia

9.3 A TNRWIUWBBYDIDINE

(3.3.1)
AITH ANMURWILUUDY
(1.3.2)
*'_:’: i
lay i
o .lll";'"- 4"" ;
Vi - 1Suegdnt
.,:;_:“_
Pa - ANUEE

AT n

amﬂﬂll’ﬂﬂéaﬁﬂﬁ?l K
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v &) -y
3.4 ANdTaniHIZaINIINAN mﬂu‘lazlaom

NIt 273.15 K < T, < 338.72 K

2.503 X 10° — 2.386 X 10°(T, — 273.15)
., = (9.4.1)
" 1x10°

n3th 33872 K < T, < 53315 K

(1.4.2)

lag

hy - AWTaRl

T, - gompiliaale
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9.5 duiszAnansunsuasinInane

e a J ' : %3 L. (.J
swsngudszaninsunsveniluenna IFanuduRusiiauelas Fuller,

Schettler, and Giddings. Perry’s chemical engineers’ handbook [16]

o - 10 xTa' N +Mw)/Mal:Ilw
2 i .llrr (Zu)wua]

(4.5)

Tag

DAB = é‘uﬂ .
ZU - atomi

A
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msmmmwuqmﬁm"auﬁhtm:, ANNNTENANNTOUVBIDINFALAY ‘l'ﬁ’ﬁagamn
Heat ans Mass Transfer [19] luggmnnfifilfamudmiumsauus (273 - 573K)

gPudusumslasd curve-fitting
3.6 qun'nu%’am‘i'\lm:'naommﬁuﬁ'o
-7 2 -4
C, = 3617x10 T, —1.697 x10 T, + 1.023 (4.6)

Tas

Ca :m 2 L ’] 119183 L
q "

Tag

T, - QAT
1%

T
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mameanuniiasuysoivesenne 14983370 Pery's chemical engineers'
handbook [16] lu7239mnnil 280 — 500 K s dusumslasds curve-fitting

—269.25
ta = 4489 x10° exp | —— (4.8)

T
L. - Aunile
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27N Bernoulli equation

Assumptions : (1) Stea dy flow
(2) Incompre
(3) Flow : ng a strea

No frictioh s,

<sﬂJr°sd fheaifd gomwmn's
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371N continuity

ViA1= VA,

INTIZASHU Vs, evin

a3 InaLIBINg i

2(P, P)

ﬂum"waw*mr{
QRIAIN TN TN AH

1—(A, IA,)
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CA
: - AJ2P(P, —P,)
1/1—(At/A1)

CA
= \J2p(P, —P,)
\J1—(D,/D,)

w30
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GIORRTRRIE BIF SEPG LA ' KQ ary air/S

darmstlowides- -+ K9 dry bagasseS
& [y = = .
- ANUTUNIND B ML 2 A % (wet-basis)

- AN -» A 1 kg vapor/kg dry air

- DOUVE ;'_ °C

qnmq a\m’ma °C

~m«mﬂ%ﬂmﬂmw e
amm;ﬁ%fu 11913891 é“ﬂf:‘?ii.,

= am‘nnwammau 57.31

s qmnn“waomnaasj 48.26 °C
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Rate of Rate of Rate of Rate of
water vapor | + moisture = | water vapor | + moisture
in with air in with solid in with air in with solid

NN 2 INBUNNIT 812 FTHE

AINTU 2 LNBUNIIV?

+(1x0.552)

¥
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Rate of thermal Rate of thermal Rate of thermal Rate of thermal
energy in + energy in = energy out + energy out
with air with solid with air with solid

Inlet condition : T,=4 = 1 kg/kg dry bagasse,

T, = 306.15 K
’ Cs 10 T, + 1.023
597 x 10™ (473.15) + 1.023
ha 1273.15) + 2500.16(0.019)

AW

he = @.6786 +4.196(1))(306.15 — 273.15)

quﬂwws NEIN?
RRAIS TR

3617 x 107 T.) = 1.697 x 10 T, + 1.023
3.617 x 107 (330.46)° — 1.697 x 10° (330.46) + 1.023
1.006419 kJ/kg.K

(1.006419 + 1.8887(0.075))(330.46 - 273.15) + 2500.16(0.075)
253.3080 kJ/kg

ha



=
@
1]

(1.6786 + 4.196(0.551)(321.41 — 273.15)
192.5862 kJ/kg

RIMTW 2 INBUNITIHVDIRNNTT

maha, i * mshs, i

(8 x 259.4162) + (1 x 193.8618)
2269.1914 kW

AT 2 LNBUNINVNVDIRUNTT

1 x 192.5862)

2269.1914

x 100

AUEINENINYINS
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Input data

Output data

Diameter of drying column, D (m)

Mass flow rate of dry air, m, (kg/s)

Mass flow rate of dry bagasse, mg (kg/s)

Air humidity at inlet, H; (kg/kg dry air)

Moisture content of bagasse at inlet, W; (% wet-basis)

Temperature of air at inlet, T, ; (°C)

Moisture contgh

Velocity of air a . u

- =
Velocity of bagasse at !’i

LFad b IA T,

] )
AULINENTNEINT
ARIAIATAUNM TN
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Main program

PROGRAM THESIS

ke k.
e M.Eng Thesis =
> A Simulation of A Pneumatic Conveying Bagasse Dryer X

*x

e A Set of Ordinary First-Order Differ
= Using The Fourth-Order Ruig:

*x

*h

* Mr. Saran

**  Department of Mechanical Engig

*x

C

C

C

C Definition Of Symbols

C

C

c o~

c X = DimenSiSiilé

C DX = Step size™

C H = Absolute fgmidity

C W = Moisture corfrﬁ bagasse (dry-basisu
o] ww =

A ﬂ;m.’tﬁﬁﬂﬂﬁ WEINTJ
C perature of air (C)

o]

: T:Q RIRITLNAINYA Y
C = Temperature of bagasse (C)

C UA = Dimensionless velocity of air

Cc us = Dimensionless velocity of bagasse

o] UUAO = Velocity of air at inlet

C MA = Mass flow rate of dry air

C MS = Mass flow rate of bagasse (dry-basis)



DP
DENA
DENAO
DENS
RDENA
VIS
VISO
RVIS
CA
Ccw
CcVv

Cs
HSAT

LATENT=

KA
DAB
KO0,K1
REO
REP
PR
NU
SC
SH
FRO
CD
NITER
XL
WL

Mass flow rate ratio (MS/MA)
Diameter of the drying column
Diameter of the solid particle (bagasse)
Density of air

Density of air at inlet

Density of bagasse (dry-basis)
Relative density of air

Viscosity of dry air

Viscosity of dry air at inlet

Relative viscosity of air

Specific heat at constant |

Sherwood numbei
Froude number
Drag co

Numbe

Desired @ tanc
T :

Desired maisture content of baga dry-basis

for calculation ‘

:OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

AULINYNTNYINT

RN T AN INA Y

REAL’*,DX.W,H,TA,TAO,TS.UA.US.UUAO,MA,MS.M,D,HSAT,VH,DENA,DENAO,
+LATENT,DAB,CA,KA,VIS,VIS0,REO,PI,XL,WL,TCA, TCS,WW,WWL

COMMON

+/VARO/ DENAO,REO

+/VELO/ UUAO
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100

/DIA/ D
/NVISCOS/VISO
[TEMP/ TAOQ

OPEN(9,FILE="OUTPUT.OUT')
OPEN(10,FILE="X.OUT")
OPEN(11,FILE='W.OUT')
OPEN(12,FILE="H.OUT")
OPEN(14,FILE="TA.OUT")
OPEN(15,FILE="TS.OUT’)
OPEN(16,FILE="UA.OUT')
OPEN(17,FILE="US.OUT")

ASSIGN VARIABLES
Pl =4 ATAN(1.)
NITER = 0
NP =0
DX = 0.00005

INPUT DATA :

DRYER CONFIGURATIO!

WRITE(*,100)
FORMAT(" A Simulation of A f

8 =7
+ ' Input Dryer Configuration 2

200

300

400

500

600

WRITE(*,200)
FORMAT( - Diametey o
READ(*,*) D e
WRITE(*,300) v
FORMAT( - Mass flow fate of dry 2

READ(*,*) MA
‘a o/

ffxﬁzwﬂa%ﬂ%%{leﬁ%}ﬁ WIS

READ(*,*) MS

US = 0.001
WRITE(*,500)
FORMAT(/" Input Inlet Conditions'/)
WRITE(*,600)
FORMAT(" - Air humidity (kg vapor/kg dry air) )
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READ(*,*) H
WRITE(*,700)
700 FORMAT(" - Moisture content of bagasse (% wet-basis) : "\)
READ(*,*) WW
WRITE(*,800)
800 FORMAT(" - Temperature of air (C) 5%)
READ(*,*) TCA
WRITE(*,900)
900 FORMAT(" - Temperature of bagasse (C) =)
READ(*,*) TCS
WW = WW/100.
W = WWI/(1.-WW)
TA = TCA + 273.15
TS = TCS + 273.15

WRITE(*,110)

110 FORMAT(/I'  Choose th
WRITE(*,120)

120 FORMAT('" |I. Calcu
+ ' distance (enter 1) '//)

WRITE(*,140)

140 FORMAT(" Il.Calculate
+ ' moisture content’/' of bagasse (ent; '”—‘—,—--—
WRITE(*,150) '

150 FORMAT(/" - Choose the calculatigh-Yauia

READ(*,") NO i
IF(NO.EQ.1)THEN :
WRITE(*,160)

160 FORMAT(/" - Input the ! sired distance

READ(*,*) XL

- ﬂ‘lJEl’J‘VIEWI‘iWH']ﬂ’i

ELSE

m?.iwwmmwum'mma d

of bagasse (% wet-basis)
READ(',') WWwL
WWL = WWL/100.
WL = WWL/(1.- WWL)
XL = 10000.
END IF



c
C...........FIND THE DATA WHICH ARE REQUIRED IN THE SIMULATION
CALL PROPS(H,TA,TS,HSAT,VH,DENA LATENT,DAB,CA KA VIS)
c
M = MS/MA
TAO =TA
DENAO = DENA
UUAD = MA*VH/(PI*(D**2.)/4.)
VISO = VIS
REO = DENAO*UUA0*D/VISO
c
Chissesinss FIND THE DIMENSIONLESS VELQGE
UA = (TAITAO)*(1.+H*(29./18
C
Chuveevenens WRITE THE OPERATING CQi (S ' IONS TO FILE
WRITE(9,210) .
210 FORMAT(" The Operating
WRITE(9,220)MA
220 FORMAT(" - Mass flow rate
WRITE(9,230)MS
230 FORMAT(" - Mass flow ra
WRITE(9,240)
240 FORMAT(/[" The Result
WRITE(9,250)
250 FORMAT(/12X,'",20X,'W', 20X, 'H', 20X, ¥&". 203
+ us)
o
CALL OUTP(X,W,H,TA
c
C..........START ITERATION
c

| ””ER-NTﬁuEJ’JVIEWIWIEI’Iﬂ‘i
““Wiﬁéii%ﬁﬁ%%ﬂﬂmmmaa

O N— SOLVE A SET OF ODE
CALL RUNGE4(X,W,H,TA,TS,UA,US,M,DX)

C..........WRITE THE RESULT AT DESIRED DISTANCE TO FILE
IF(NP.GE.20000)THEN

130
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CALL OUTP(X,W,H,TA,TS,UA,US)

NP = 0
END IF
c
C..........CHECK THE FINAL CONDITION AND WRITE THE FINAL RESULT TO FILE
IF(W.LE.WL.OR X.GE.XL)THEN
CALL OUTP(X,W,H,TA,TS,UA,US)
GO TO2
END IF
GO TO 1
c L 1]
CriEND ITERATION \I[/
c : ‘./"
2 CONTINUE 2 —
C.........WRITE THE FINAL RESULJ
WRITE(* 410)
410 FORMAT(/  The Result g
WRITE(*,420) X*D,(WAI*Y
420 FORMAT("  x ='F®.
+ ! No. of ltera
sTOP
END
c
c

g
1
i

AUEINENINYINS
RN TUAMINGAY



132

Subprogram

C
C SUBROUTINE RUNGE4
C FOR SOLVING A SET OF ODE
Cc USING THE FOURTH-ORDER RUNGE-KUTTA METHOD
C
SUBROUTINE RUNGE4(X,W,H,TA, TS,UA,US,M,DX)
C

C.........DECLARE ALL VARIABLES
REAL X0,W0,H0,TA0,TS0,US0,K1
+,K2US,K3W,K3H,K3TA K3TS K3
+,US,M,DX,FW,FH,FTA,FTS,F

JK2W,K2H,K2TA K2TS
,W,H,TA TS,UA

9]

...FIND K1 FOR ALL EQUATIO!
CALL DERIVT(W,H,TA,TS

K1W =FW
K1H =FH
K1TA = FTA
K1TS = FTS
K1US = FUS

X =X +DX/2.

N Kﬁﬁl?ﬂﬂ'ﬂ‘iﬂﬂ’]ﬂ’i

AEIRINTAUNIINGINY

Cewizsaensd FIND K2 FOR ALL EQUATIONS
CALL DERIVT(W,H,TA,TS,UA,US,M,FW,FH,FTA,FTS FUS)

K2W = FW
K2H =FH



C

C........FIND K3 FOR ALL EQUATION
CALL DERIVT(W,H,TATS,U

C.......FINDK4 FORALLE

K2TA = FTA

K2TS = FTS

K2US = FUS

X =X +DXx2.

W =W + DX*K2w/2.
H =H + DX*K2H/2.
TA =TA + DX*K2TA/2.
TS =TS + DX*K2TS/2.
US =US + DX*K2Us/2.

K3W =FW
K3H =FH

K3TA = FTA
K3TS = FTS
K3US = FUS

X

W

H

TA
TS
us

=X +DX
=W + DX*K3W
=H + DX*K3H
= TA + DX*K3TA
=TS + DX*K3TS
= US + DX*K3US

CALL DERIVT(W,H,TA l ,UA,US,M,FW,FH FTAFTS,FUS)

- AU INENTNGIN

K4TA = FTA

ARANINNNINGA Y

INTEGRATE THE SET OF ODE

W
H
TA
TS

=WO0 + (KIW + 2.*K2W + 2.*K3W + K4W)*DX/6.
=HO + (K1H + 2.*K2H + 2.*K3H + K4H)*DX/6.
=TAO + (K1TA + 2.*K2TA + 2.*K3TA + K4TA)*DX/6.
=TS0 + (K1TS + 2.*K2TS + 2.*K3TS + K4TS)*DX/6.

133



US =USO0 + (K1US + 2.*K2US + 2.*K3US + K4US)*DX/6.
X =X0 +DX

RETURN
END

SUBROUTINE PROPS
FOR FINDING THE PROPERTIES OF AIR

O 0O O o0 0o 0

SUBROUTINE PROPS(H,TA,TS,

.......... DECLARE ALL VARIABLES
REAL H,TA,TS,HSAT,VH,D

.....FIND THE VAPOR PRE
R= (9./5.)°TS

.......... FIND THE SATURATED HUMIDI
PATM = 14.696
HSAT = 0.621*PSAT/(PATM-PSAT ki) & = /)

...FIND THE HUMID VORURE

VH = (0.772+1.24*H)" .:-",:v.
DENA = (1.+H)/VH J

"""""" e A NEN NGNS

LATENT=(2.50310.#6.)-2.386*(10.*3. )'(TS-273 15))/1000.

ARIRINTUURIINYIA Y

END

...FIND THE WATER VAPOR DIFFUSIVITY IN AIR
DAB = 1.175%(10.**(-9.))*(TA**1.75)

...FIND THE SPECIFIC HEAT OF AIR



CA = 3.617*(10.4*(-7.))*(TA**2.)-1.697*(10.**(-4.)) TA+1.023

...FIND THE THERMAL CONDUCTIVITY OF AIR
KA = -2.632*(10.*(-11.))*(TA*2.)+8.811*(10.**(-8.))'TA
++2.061*(10.**(-6.))

....FIND THE VISCOSITY OF AIR
VIS = 4.489%(10.**(-5.))*EXP(-269.25/TA)

RETURN
END

G O a 0 @ O

SUBROUTINE DIMLES
FOR CALCULATING THE D

SUBROUTINE DIMLE 3 CAKA VISR WNU,SH,FRO
+K0,K1) g

........... DECLARE ALL VARIABLES
REAL UA,US,DENA,DAB,CA

[

PARAMETER (C = 0.6, M = 0.3

COMMON
+\VARO/ DENAO,REQ
+VELO/  UUAO T
+DIA/ D
+/DIAP/ DP
+IDENSIT/ DENS

~ Y INYNTNYING

...FIND THE REYMLDS NUMBER BASED AéOUND A SINGLE PARTICLE

"QW’lﬁ\‘m'ﬁUNWl’mﬂ’lﬁﬂ

.FIND #HE DRAG COEFFICIENT
IF(REP.LE.5)THEN
CD = 24./REP
ELSE IF(REP.LT.500.)THEN
CD = 10.(REP**0.5)
ELSE IF(REP.GE.500.)THEN

135
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CD =0.44

END IF

...FIND THE PRANDTL NUMBER
PR = CA*VIS/KA

...FIND THE SCHMIDT NUMBER
SC = VIS/(DENA*DAB)

...FIND THE NUSSELT NUMBER
NU = 2.+ C*(REP**M)*(PR**N)

...FIND THE SHERWOOD NUMB
SH = 2.+ C*(REP*M)*(S

........... FIND THE FROUDE NUMB
FRO = UUA0/((9.81*D)

...FIND THE PARAMETER O
KO = 6.*(D/DP)**2.)*
K1 = (3./4.)*(DIDP)*(DE

RETURN
END

SUBROUTINE DERNT Y
FOR CALCULATING THE €

- A¥

SUBROUTINE DERIVT(W# ,TA,TS,UA,US M,FW, FH FTA,FTS,FUS)

.......... oo BUY INYNINEINT

REAL W,H, TA% UA,US ,M,HSAT,VH, DENA LATENT,DAB,CA,KA,VIS,RDENA

RIS 818 Y

CO ON
+/SPECIF/ CW,CV,CS
+/VARO/ DENAO,REO
+/VELO/ UUAO
+/VISCOS/ VIS0



C.........FIND THE PROPERTIES OF AIR
CALL PROPS(H,TA,TS,HSAT,VH,DENA,LATENT,DAB,CA KA, VIS)
¢
C..........CALCULATE THE RELATIVE DENSITY AND RELATIVE VISCOSITY OF AIR
RDENA= DENA/DENAO
RVIS = VISOVIS
e
T CALCULATE THE DIMENSIONLESS VARIABLES
CALL DIMLES(UA,US,DENA,DAB,CA KA VIS, REP,CD,PR,SC,NU,SH,FR0,K0,K1)
o
C.........CALCULATE THE DERIVATIVE OF VARIAE
FW =-K0*(SH/US)'RVIS*(HSAT-H) &
c -
FH =-M*FW
c
FTA =(1./(1.+(CVICA)*H))*
c
FTS =(1./((CSICW)+
+IM)*((CVICW)*(TA-TS)+(LA
o
FUS =(1./US)*( K1*(RDE
o
RETURN
END
c
c =
c A
C  SUBROUTINE OUTP] -.'- ’ .‘;i'
C FOR WRITING THE -_':-‘i L
C it
SUBROUTINE OUTP(X, Wf' ,TATS,UAUS)
g
c. DECMREAﬂummmw t1N9
REAL X,W,H, TBhTs,UA US
¢
comoy| | mnmumaﬂma d
+NELOJUUAO
+/DIA/ D
c

WRITE(9,310) X*D,(W/(1.4+W))*100.,H,TA-273.15,TS-273.15,UA*UUAO,
+ US*"UUAO
310 FORMAT(7F 16.5)
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WRITE(10,*) X*D
WRITE(11,*) (W/(1.+W))*100.
WRITE(12,*) H

WRITE(14,*) TA-273.15
WRITE(15,*) TS-273.15
WRITE(16,*) UA*UUAO
WRITE(17,*) US*UUAO
RETURN

END

BLOCK DATA

REAL CW,CV,CS,DP,DEN

COMMON
+/SPECIF/ CW,CV,CS
+/DIAP/ DP
+/DENSIT/ DENS

DATA CW/4.1960/

DATA CV/1.8887/

DATA CS/1.6786/

DATA DP/0.00157/

DATA DENS/125./

END

AU INENTNEINS

PR TUNNINGEY
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