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Study on the Rheological Behavior for Molasses

Yoshio HIGA

ABSTRACT

Heat transfer coefficients in laminar flow of molasses and Theological constant

were conducted on this investigation. The Theological constant"n" and viscosity
of molasses were obtained from the results of this experiments, also the heat

conductivity and specific heats are came up from the results on this investigation.

For the flow of molasses, the following equations were obtained as the results

of this experiments:

(hmD/L) = 1. 92(D »/n U 2- '/np/7j*)o-3 QCp7j*/L) (D/U) i- 1/n(n+3)/4:]o.3 (D/L)<'-3 (7j/7?*)')-n

=2. 04E(GCP/L. 1 )(n +3)/4>3(77A?*)0*17

where,

(Re)<1800, II(GCp/L.1)(in-3)/4D>70. and D=1.18x1(T2 (m)

I, INTRODUCTION

This is the study on the Theological behavior of molasses which is by-product of

sugar plants in Okinawa. The greatest loss of sugar in the factoryorrefinary is

that, which goes to the residual molasses, and the extent to which this sugar may be

recovered economically has been the subject of many studies.

This investigation was treated to make the Theological behavior of molasses to

be clear from theview point of heat transfer concerened.

II. DIMENSIONLESS NUMBER AND BASIC EQUATION:

On molassis fluid, which is quite high viscus flow, is shown as the following
1), 2), 4)

equation;

Q =(D-gc/47rhrj)(1/D2i +1nDi-1nr«y-1/r*y-1nr*,ln/r«y) (1)
3),5),6)

Heat transfer concerned for Molasses Fluid is expressed as the following equatinn,

uy(ae/3y)=kdO2e/ar2+1/r.a0/3r) - (2)

as the following condition,
y=0, -> 8=1, (t=tl), - (JJ)

r=R-åº e»0. (t=tw)t

where

Uy=(n+3)/(n+1).U{1 -(r/R)*+i} (4)
then

(n+3)U{II(R-r)/R3-n/2! -C(R-r)/R:2+n(n/1 )/3! -C(R-r)/R33 }8e/oy

=kd(a2e/3r2+1/r.ae/3r) (5)

For the special solution for the equation (5) is,

8=Aexp-(2ky)(nH-3)-1(U)-1(b)-2-p (6)
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from the equation (6) and (5),

(d2o/dLt2) +(1/u)(dp/dtt)+2{(3-u.)3-l -n/2! -(t3--tt)2.i3-2

•Efn(n-1)3!((3-u)3£-3- }p=0 (7)

where, r/b=(x and R/b=3 (8)
6), 7),M)

Then the special solution of (5) is shown as the following equation:

P((X) =i](3mwLLm (9)
m=o

Incaseofr=R, (.1=8 and 0=0

P(6)=0 . (10

hence,
00

e= i]Amexp{-(2£m2Ky)/(n+3)UR2}Pin (ID
m=o

where,

- Am=- {-i/^.nKdpm/d^^J/ r^Pn^d-^-n^I-d-^+njn-D/Sl.d-^Jdg
•E' 0.

(13
and,

2C3m2ky/(n+3)UR23= 7tpm2/2-(L/GCp)(4/n+3) = Em (]$

therefore
00

e= (t-tw)/(t,-tw)=i:Ame-Kmypm (H)
m=0

8),ll),12)

at y=\'i, and the average temperature tm the equation expressed as;

em=(ttn-tw)/(tl-tw)=1/7rR2U / 2rUy6 dr =XF.nr-En).y (1$
J 0 m=o

where,

Fm=-(n+3)Am(dpm/d£)/S2m 0(5

then,

Qy= -L(t1-tw)(ae/3r)r=R =(t,-tw)-hyem (17)

Therefore heat coefficient is expressed as,

hy=-(L/R). 2 An,e-E,n.y(dp m/d^)f=i/ Z Fme-Em-y

hence,

(hyD/L)=1/7r-(GCP/L.1)1nC1/ S FmS-Rm':=1/7rC(GCP/L.1)-1n(1/e-Ml)3 (19
m=0

Here,
CO

e=(tMl-tw)/(tl~tw)= J] F.ne-T2.n-1 <A$
m-0

In case of n=oo,

U(3e/8y) =k(a20/ar2+l/r 60/8r) (20

and,

0=2 L exp[-cf)2sCL.y/G-Cp):.JoC4)S-r/R)AN-JiCc!)O (21)
s=i

where,

cj)s=roots of Io((f)(0
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and the dimensionless number is expressed under the average temperature, as the
4), 9),13)

followings;

(hmD/L) =l/^-(GCp/L.l)ln(]/0average) (20

Under the condition fo Uy=U,

(hmD/L) =4/7r(GCP/L.l) 1/2 (23

Between the range of2 <n <3,

(hmD/L) =1.89{(GCP/L.l)(n+3)/4>l/3 ^

The relation-shipb etween (hmD/L) and(GCP/L»l)are illustrated as Figure 1;

Fig.l Tne relationship between (hmD/L) and

(GCp/L-l)which related in the equation!

III. EXPERIMENT AND DATA:

1. Deformation of the equation^:

Because of high viscus flow of molasses fluid, deformation of the epuation was

done for the purpose of experiment as the followings,
(Re) =D-nU2-1/n7j*-1 ®

hence
(hmD/L)= 1. 62:(D-l U 2- l^p-r?*- l){(Cp7]*L-l)(D/U)l-l^(n+3)/4KD/1)31/3 (26)

4), S)

On this equation, the second tarm is also dimension-less tarm, therefore

(hmD/L)=C(D1^U --1/np.?7*)P {(CP^*/L)CD/U)1-1/nCn+3V4>p CD/1)r 0)

The relation between y\ and y\* are shown as,

77*={2(n+3)7;}1AV8 m

hence,

(hmD/L)= C(D- i U2- i/np/rf*)P{(Cprj*/LXD/U)l-l/'Kn+3V4}b(D/1)rC7?/^Os 69

where, C, P, q, r, and s are able to determined by experiments.

2. Experimental data;

The following apparatus was set up for this experiments; special attention was

paid to keep the temperature constant.
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Fig. 2 Apparatus for Experiment.

1) Rheological constants for molasses:
On this experiments, and formar experiments, following data were obtained;

T a b l e 1 . T h e T h e o lo g ic a l c o n s t a n t f o r m o la s s e s a n d t h e G lu c o s e C o e f f ic ie n t s

N o . M o la s s e s C o n s ta n t " n "   G lu c o s e C e e ff ic ie n ts    S y m b o ls

1 H K B 1. 6 t 3 .6 2 ・

2 D T O 1. 6 2 3 .4 1 X

3 C B U 1. 8 3 3 . 0 8 蟯

4 IM N 2 . 5 1 2 .5 5 蝣

5 R T O 1. 5 9 2 . 9 3 蝪

6 F P N 1. 9 3 2 .6 7 A

7 T W N        2 . 9 1 2 . 2 9 o

8 K D T 2 . 3 1 2 . 5 8 A

9 I B U 2 . 34 2 . 5 9 0

10 IG K 2 .4 7 2 . 5 0 ・

l l M K O 2 .0 8 2 . 6 0 $

12 M T A 2 . 6 2 2 . 3 5 A

1 3 K M A 2 .6 7 2 . 2 6 13

This Glucose Coefficient was calculated as follows:
(Percent Reducing sugar)x100/{Per cent SucroseCpol.)}=Glucose Coefficient

3). 10)

2) Specific heat and Thermal conductivity for molasses:
The apparatus, which was illustrated on Figure 2. was used for mesurement of
thermal conductivity for molasses, as shown in the following table;
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Fig. 3 The Relationship between Thermal Conductivity and

Temperature for molasses.

Fig. 4 Specific Heat of Molasses.
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Table 2. Thermal conductivity of Molasses.

N o . M o le ss e s     T h e rm a l C o n d u c t iv ity ( L ) T e m p e r a tu r e ( - c )

1 H K B 7 .5 0 . 4 40
I^ ^ ^ ^ ^ H I 1 3 .5 0 . 4 4 3
I  ̂ ^ ^ H I

2 2 .0 0 . 4 4 5
I  ̂ ^ ^ H I

3 1 .0 0 . 44 7
I  ̂ ^ ^ H I

4 1 .5 0 . 4 50
l  ̂ ^ ^ ^ H I

5 0 .0 0 . 4 5 2

5 8 . 3

6 9 .0

0 . 4 5 4

0 . 4 E 6

2 D T O 9 . 4 0 .4 25

I^ ^ ^ H I 1 8 .5 0 .4 25

I^ ^ ^ H I 2 7 . 5 0 .4 31

I^ H II^ ^ ^ H I 3 6 . 9 0 .4 40

I^ ^ ^ H I 4 7 .0 0 . 4 4 2
IM ^ ^ ^ H I

5 7 . 5 0 .4 4 5

I 6 9 . 5 0 ..4 4 7

C B U 5.1 0 .4 1 5
IM ^ ^ ^ M I

1 3 .0 0 . 4 20

2 0 .5 0 .4 2 5

I^ ^ ^ H I 2 9 .8 0 .4 25

IM ^ ^ ^ H I 3 8 . 5 0 .4 2 3

4 5 . 5

5 5 . 5

6 3 . 5

0 . 4 3 3

0 .4 35

0 .4 3 7

4 IM N
I

7 . S

1 3 . 2

2 4 . 1

0 .4 0 5

0 .4 1 3

0 .4 1 5

I  ̂ ^ ^ ^ H I 3 3 . 0 0 .4 18
I^ ^ ^ H I

4 3 . B 0 .4 2 5

I  ̂ ^ ^ H I 5 2 . 8 0 . 4 2 5

I^ ^ ^ H I
6 1 . 3 0 . 4 31

59 . 0 0 . 4 3 5

R T O 8 . 0

1 7 . 5

2 1 . 0

0 . 4 0 0

0 . 40 3

C . 4 0 7
I

3 5 . 0

4 B . 2

5 7 . 5

6 7 . 0

0 . 4 1 5

0 . 4 2 3

0 . 4 4 5

0 . 4 3 0

6 F P N 7 . 0 0 . 4 2 5

1 4 . 5 0 .4 23

2 3 . 3 0 .4 29

3 4 . 0 0 .4 35

4 4 . 0 0 .4 3 5
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5 3 .5                      O ; 44 O

6 5 .0 0 . 4 B 5

T W N         9 . 5 0 . 4 2 4

I ^ ^ ^ H 1 7 . B 0 . 4 2 5

I ^ ^ ^ H 2 6 . 3 0 , 4 2 5

3 7 .0 0 . 4 2 8

4 8 .1

6 1 . 0

6 8 . 5

0 . 4 3 0

0 . 4 3 5

0 . 4 4 0

K D T  10 . 51 9 . 5       0 .3 9 70 .4 0 0

I ^ ^ ^ H I 2 9 . 3 C . 4 0 5
¥ ^ ^ m ¥

3 9 . 2 0 . 4 1 3

4 9 . 9                       0 . 4 2 0

I^ ^ ^ H I
6 0 . 0 0 .4 2 4

6 7 . 5 0 .4 2 7

I B U 8 .0

16 . 3

3 6 .0

4 7 .0

58 . 3

6 9 . 2

0 . 3 3 50 , 3 9 0

0 .4 0 5

0 . 4 1 2

0 . 4 2 0

0 ,4 2 5

1 0      I G K
                          I

1 0 . 0            0 . 3 9 0

1 7 . 5

2 4 . 5

0 . 3 9 B

0 . 4 0 0

I
3 4 .0 0 . 4 0 5

4 3 . 55 3 . 06 3 . 2    C . 4 1 00 . 4 1 80 . 4 2 5

l l     M K O        9 .0 0 . 3 7 8

l̂ ^ ^^ ^^ l l 1 5 .5 0 . 3 8 0

I  ̂ ^ ^ ^ H I
2 5 .0 0 .3 8 5

3 5 .1 0 . 3 9 4

4 1 .3

5 9 .4

6 7 . 8

0 . 40 6

0 - 4 1 8

0 . 4 2 3

1 2 M T A       1 2 .S
            I

0 .3 8 5

25 .5 0 .3 9 4

^ ^ ^ H 32 .5 0 .4 C O

,̂ ^ ^ H I
41 .7 0 .4 C 8

Î ^ ^ H I
5 1 .5 0 . 4 2 5

l̂ ^ ^ H I
6 2 ,B 0 .4 3 0

6 9 .0 0 . 4 3 5

1 3 K M A 1 0 . 0    0 . 3 7 5   0 9 . 5    0 . 3 8 0   2 7 . 6    0 . 3 8 0
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37.3

45.0

55.0

6 4.0

0.382

0.400

0.405

0.415

Table 3. Specific heat of Molasses
T e m p . ( ' c ) ' H K B

D T O C B U      I M N      R T O F P N T W N

2 5 0 . 2 8 5 0 . 2 2 0 0 . 2 2 0     0 . 2 2 4 0 . 2 2 7 0 . 2 2 3 0 . 2 4 4

3 0 0 . 2 8 5 0 . 2 2 1 0 . 2 2 0     0 . 2 2 4 0 . 2 2 8     0 . 2 2 1 0 . 2 4 5

3 5 0 . 2 9 0 0 . 2 2 5 0 . 2 2 10 . 2 2 2 0 . 2 2 50 . 2 2 5 0 . 2 2 8 0 . 2 2 4 0 . 2 4 5

4 0 0 . 2 9 5 0 . 2 2 5 0 . 2 2 9 0 . 2 2 5 0 . 2 4 c

4 5 0 . 2 9 0 0 . 2 3 0 0 . 2 2 6 0 . 2 2 5 0 . 2 2 9 0 . 2 2 5 0 . 2 4 5

5 0 0 . 2 9 5 0 . 2 3 2 0 . 2 3 0     0 . 2 2 5 0 . 2 2 9 0 . 2 2 5 0 . 2 4 6

6 5 0 . 2 9 5 0 . 2 3 3 0 . 2 3 5 0 . 2 2 7 0 . 2 2 9 0 . 2 2 8 0 . 2 4 7

6 0 0 . 2 9 B 0 . 2 3 4 0 . 2 4 0 0 . 2 2 8 0 . 2 2 9 0 . 2 3 7 0 . 2 4 8

T e m p . ( a C ) K D T I B U I G K M K O     M T A     K M A

2 5         蝣・ 0 . 2 3 9 0 . 2 3 3 0 . 2 3 5 0 . 2 3 1     0 . 2 3 8    0 . 2 3 7

3 0          0 . 2 3 9 0 . 2 3 4 0 . 2 3 6 0 . 2 3 2 0 . 2 3 9     0 . 2 3 8

3 5 0 . 2 4 0 0 . 2 3 4 0 . 2 3 6 0 . 2 3 3     0 . 2 3 9 0 . 2 3 9

4 0 0 . 2 4 0 0 . 2 3 4 0 . 2 3 7 0 . 2 3 3 0 . 2 3 9     0 . 2 4 1

4 5 0 . 2 4 1 0 . 2 3 5 0 . 2 3 8 0 . 2 3 4 0 . 2 4 0    0 . 2 4 2

5 0

5 5

6 0

0 . 2 4 2

0 . 2 4 3

0 . 2 4 0

0 . 2 3 5

0 . 2 3 5

0 . 2 3 6

0 . 2 3 9

0 . 2 4 0

0 . 2 4 1

0 . 2 3 5

0 . 2 3 8

0 . 2 3 9

0 . 2 4 1 0 . 2 4 2

0 . 2 4 1 0 . 2 4 4

0 . 2 4 2 0 . 2 4 4

3) Determination of Constants:

By the graphycal method, the constants of C, p, r, and s were determined under

the condition of;
(Re) <1800,CCGCp/KLXn+3V43> 70 aod D=1.18x1(T2 Cm).
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\

U

10* 2~ iF 2 1O6

u/n
Fig. 5 The Relationship between

{Cp(ri*/L)(D/U)1 - 1/n(n+3)/4} and(U/D)

Fig. 6 Correlation of Heal Transfor
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The following constant were able to be determined;
å c=1.92,. P=0«3, P-0.3, r=0.3 and s=0.17

IV. CONCLUSION:

For the low of molasses, the following epuation was obtained from the view

point of rheological constant "n" and specific heat of molasses;

(hmD/L) = 1. 92(D l^U 2 - l/np/*7])0- H(Cp?]VL)(D/U)l - l/n(n+3)/4}0-3(D/L)0-3(V^*)0>17

Under the condition of,

CRe) <1800. {CGCp/L-1Xn+3V4}> 70 and D=1.18x1(r2Cn0

NOMENCLATURE

Specific heat (Kcal/kg. °C)

Diameter of pipe (m)

Mass Rate of Flow (kg/nr)

Average coefficient of heat transfer (kcal/m2. hr. °C)

Thermal diffusivity (m2/hr)

length of pipe heated (m)

Rheological constant (-)

Thermal conductivity (Kcal/m.hr/C)

Reynolds number for molasses (-)

Viscosity of molasses (kgn/mirhr2"-1)

geneneralized viscosity (kg/m«hr2~1/n)

density (kg/m3)

q, r, cs : Constants of dimensional analysis,

constant

defined by epuation (10

defined by epuation (13

consrant
defined by equation (]§

: Bessel functions of Oth and 1 st order,

defined by equation (ll)

local heat transfer rate (kcal/m2»hr)

tw : local temperature (°C)

average velocity (m/hr)

velocity at y •E (m/hr)

R/b (m)

r/R (-)

roots of P((3)=0 (m)

defined by equation (ll)

defined by equation (1$

rootsofJo

r/b (m)
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