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Study on the Rheological Behavior for Molasses
Yoshio HIGA

ABSTRACT

Heat transfer coefficients in laminar flow of molasses and rheological constant
were conducted on this investigation. The rheological constant *n” and viscosity
of molasses were obtained (rom ihe 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 resulls
of this experiments:
(hmD/L) =1.92(D1/n U2~ t/np/m#Ps [(Con*/L) (D/UYL~ /a(a+3)/412 (D/ LY (n/n*P"
=2.04L(GCp/L+1)(n+3)/410%(n/n*)*" ‘
where,
(Re)<<1800, C(GCp/L+1)(n+3)/41>70, and D=1.18x10"? (m)

I, INTRODUCTION .

This is the study on the rheological behavior of molasses which is by—prodt_lct of
sugar plants in Okinawa. The greatest loss of sugar in the factory or refinary is
that, which goes to the residual molasses, and the extent to which this shgar may be
recovered economically has been the subject of many studies.

This investigation was treated to make the rheological behavior ol 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
equatiorl'n);' 2w )
Q=(D-ge¢/4mhn)(1/D% +1nDi—1nr2y-1/r2y'—1nr2y1n/r2y) o
Heat Llransfer concerned for Molasses Fluid is expressed as the following equatinn,

uy(00/0y) =ka(020/012+1/1.00/01r) - ()
as the following condition,
y=0, =+ 0=1, (t=t1)} . ®)
r=R - 0=0, (I1=tw)
where )
uy=(n+3)/(n+1)-U{1—(r/R)=+1} @
then
(n+3)U{L(R—1)/RI—n/2! [ (R—1)/RF+n(n/1)/3! -L(R—1)/RP+++-+}50/0y
=kd(820/0r2+1/r-06/8r) (5

For the special solution for the equation (5) is,
0=Aexp—(2ky)(n-+3)=1(U)-1(b)-2.p (6)
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from the eqguation (6) and (5),
(d?o/du?) +(1/u)(dp/dw) +2{(B—u)B-1—n/2! +(B-—p)2- P2

+n(n—1)31(B—w)3B 3 —rrees}p=0 M
where, r1/b=y and R/b=3 (8)
v Th M
Then the special solulion of (5) is shown as the following equatioﬁn): i
P([.L)=2ij!J.m (9)
m=20
In case of r=R, u=g and 0=0
P(@)=0 , ili
hence,
0= ZOAmexp{-(zf}m?Ky)/(n+3)UR2}Pm (10
m=
where,
T Am= — {—1/@w2(dpm/dE)¢ 1}/ [ :2Pm£{(1 —8)—n/21+(1 —BP+mn—1)/3! «(1 —£)3}dE
12
and,
2ALBm?ky/(n+3)UR]=7PBw?/2+(L/GCp)(4/n+3)=Em 13
therefore
O=(t—tw)/(ti—tw)=Ame En¥pm" 14
) m=0
al y=y, and the average temperature tm the equation expressed asb;)’ e
Om= (tm—tw)/(ll—t\v)=1/7[RZU 1:2 I'Uye dr =2Fmr—Em'y 15
m=20
where,
Fm= —-(1'1+3)Am(dpm/d£)/62m (]Q
then,
Qy=—-L{,— Lw)(@ﬂ/ar)r=R =(t;—hv)'h_v0m (1

Therefore heat coefficient is expressed as,
hy=—(L/R)s 2 Ame Em-y(dp m/dE)e~1/ 3, Fme EmY
m=0 . .1u==ll :
hence,

(hyD/L) =1/7-(GCp/L-DINC1/ 3. Fwe~FutI=1/2L(GCa/Lo1)+1n(1/0-MDT (9

Here,

6=(tMl—tW)/(tl~tw)= 2 Fme=Eme.] a9

m=0

In case of n=co,

U(806/0y) =k(020/06r2+1/r* 00/0T1) ‘ @0
and,

0=2 3 expl—¢*s(Ley/G-Co)T-JoChs+1/R)/bs-Ji($s) | 2)
where,

¢s=roots of To(o)
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and the dimensionless number is expressed under the average temperature, as the
4)y 9), 13)

followings;

(hmD/L)=1/7+(GCp/L+1)In(1/Oaverage) @2
Under the condition fo Uy=1U,

(hmD/L)=4/7x(GCp/L-1)1/2 @
Between the range of2 <{n (3,

(hmD/L) =1.89{(GCp/L1)(n+3)/4}/3 @

The relalion-shipb etween (hmD/L) and(GCp/L«I)are illustrated as Figure I;

(hm D /L)

GG /L)
554 T 3 34% 107 £ 545 105 2 345 T0%

Fig,l Tne relationship between (hmD/L) and
(GCp/L-1)which related in the equation @),

[1I. EXPERIMENT AND DATA:
1. Deformation of the equation@y:
Because of high viscus flow of molasses fluid, deformatlion of the epuation was

done for the purpose of experiment as the followings,

(Re)=D-nU2-i/npk= o
hence

(hmD/L)=1. 420D~ 1 U2~ tngep*=1){(Cpy*L YD /U) - /2(n+3)/4AHD/1)]1/3 @0

. . . . 1) 5)
On this equation, the second tarm is also dimension-less tarm, therefore

(hmD/L)=C(D/nU:~1/mpen*)P {(Con*/L)(D/UD* =1 /2(n+3)/4}° (D/1)* )
The relation between 7 and #* are shown as,

nx={2(n+3)7}' /8 @
hence,

(hmD/L)=C(D-1 U2~ 1/np/nx)P{(Conx/LXD/UX - 1/a(n+3)/4}*(D/1)*(n/7*S @
where, C, P, q, 1, 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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Orifice meter

Valve

Fig. 2 Apparatus for Experiment,

1) Rheological constants for molasses:

Manometer

_ MeashringCylinder

Molasses Tank

Water tank

On this experiments, and formar experiments, following data were obtained:

Table 1. The rheological constant for molasses and the Glucose Coefficlents

No. Molasses Constant *“n Glucose Ceefficients | Symbols
1 HKB 1.61 3.62 [ ]
2 DTO 1.62 3.41 x
3 CBU 1.83 3.08 A
4 IMN 2.51 2.55 [ |
5 RTO 1.59 2.93 O
6 FPN 1.93 2,67 AN
7 TWN 2.91 2.29 O
8 KDT 2.31 2.58 Py
9 IBU 2.34 2.59 %

10 IGK 2,47 2.50 I}

11 MKO 2.08 2,60 $

12 MTA 2,62 2.35 A

13 KMA 2.67 2.26 X

This Glucose Coefficient was calculated as follows:
(Percent Reducing sugar)x{00/{Per cent Sucrose(pol.)}=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 conductivily for molasses, as shown in the following table;
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Fig, 3 The Relationship between Thermal Conductivity and

Temperature for molasses,
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Fig, 4 Specific Heat of Molasses,
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»

Table 2. Thermal conductivity of Molasses.

No, Molesses Thermal Conductivity (L) Temperature (°C) ‘
1| HKB ) 7.5 0. 440 J
13.8 0. 443
22,0 0.445
3L.0 0,447
41.5 0,450
§0.0 0.482
58,3 0.48¢
69.0 0. 456
2 DTO 9.4 0.428
18.5 0,425
27:8 0.431
38,9 0.440
47.0 0. 442
57.5 0,445
|‘ 69.5 0.447
3 CBU 8.1 0.415
13,0 0.420
20.5 0,425
29,8 0,425
38.5 0,425
45.5 0.433
55.5 0.4335
§3.5 0.437
4 IMN 7.8 0.405
13,2 0.413
24,1 0.418
33.0 0.418
43.5 0.428
52.8 0,425
61,3 0.431
89.0 0,438
5 RTO 8.c 0. 400
17.8 0.403
21,0 C.407
‘ 35.0 0.418
45,2 6.423
57.5 0,448
67.0 0.430
6 FPN 7.0 0,425
14,5 0.428
23.3 0.429
34.0 0.438
44,0 0.435
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53.5 0. 440

65,0 0. 488

7 TWN 9.5 0.424
17.5 0.425

26,3 0.425

37,0 0,428

48,1 0,430

61.0 L 438

68.5 0.440

8 KDT 10,5 0.397
19.5 C.400

29,3 €. 408

39.2 C,413

48,9 0.420

60.0 c.424

7.5 0.427

9 1BU 8.0 0.385
16.3 0,390

38.0 C.408

47.0 . 412

8.3 C.420

69.2 0.425

10 IGK 10.0 C. 390
12,8 0. 398

24,8 0. 400

34,0 0. 408

43,5 0. 410

53,0 0.418

63.2 0.425

11 MKO 9.0 0.378
16.5 0. 380

26.0 0,385

35,1 0.394

41,3 ©.406

59.4 0.418

67.8 0,423

12 MTA 12,5 0,385
25,5 0.394

32,5 0.4c0

41,7 0.4c8

51,5 0.425

62,5 0,430

69.0 0.435

13 KMA 1c.0 0.375
09.5 0.380

27.6 0.380
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| : 7.2 0,382
45.0 0.400
55,0 - 0. 408
64.0 0.415

Table 3. Specific heat of Molasses

Temp, (°C) | HKB DTO CBU IMN RTO FPN TWN
25 0,285 0.220 0.220 | 0.2 0.227 | 0.223 0. 244
30 0,285 0.221 0.220 |  0.224 0.228 0.221 0.245
35 0.290 0.225 0.221 .|  0.228 0.228 0.224 0,245
40 0.295 0.225 0,222 ! 0.225 0.220 | 0.225 .| 0.245
43 0.290 0.230 0.226 0,225 0.229 0. 225 0.245
50 0.295 0,232 0.230 0.226 0.229 0. 226 0.246
53 0.295 - 0,233 0.235 0,227 0.229 0.228 0.247
60 0.295 0,234 0.240 0,228 0.229 0.237 0.248
Temp, (*C) KDT IBU IGK MKO MTA KMA
25 +0,23¢ 0.233 0.238 0.231 0.23 | 0.237
30 0.239 0.234 0.236 0.232 0.239 0,238
35 0.240 0.234 0.235 0.232 0.239 | 0.239
40 0.240 0,234 0.237 0.233 0.239 0.241
45 0,241 0,235 0.238 0.234 0.240 0.242
50 0.242 0,235 0.239 0.235 0.241 | 0,242
55 0.243 0.235 0.240 0.238 0.241 0.244
50 0.240 0.236 0.241 0.239 0.242 0.244

3) Determination of Conslants:

By the graphycal method, the constants of C, p, 1, and s were determined under
the condition of; 4

(Re) <1800,LCGCp/KLX(n+3)/41> 70 aod D=1.18x10"* (m).
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The following constant were able to be determined;
.6=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 /0T 2=1/np /fan)- 2((Cpma/LYD/UY! = /n(n+3)/4194D /LY /ma0-17
Under the condition of,

(Red <1800, {(GCp/L*1D(n+3)/4}> 70 and D=1.18x10"*(m)

NOMENCLATURE
Cp : Specific heat (Kcal/kg, °C)
D : Diameter of pipe (m)
G : Mass Rate of Flow (kg/nr)
hm @ Average coefficient of heat transfer (kcal/m2, hr, °C)
ka @ Thermal diffusivity (m2/hr)
1 : length of pipe heated (m)
n : Rheological constant (=)
L : Thermal conductivity (Kcal/m.hr,*C)
Re : Reynolds number for molasses (=)
7 ¢ Viscosity of molasses (kg,/mnshrzn—1}
n+ @ geneneralized viscosity (kg/m-hrz-1/n)
p : density (kg/m?3)

C, p, q 1. cs : Constants of dimensional analysis.
A : constant

Am : defined by epuation (19

Em : defined by epuation (13

b : consrant

Fm : defined by equation (1§

Jo, J1 : Bessel functions of Oth and 1 st order.
pm : defined by equation (1)) )

Qv : local heat transfer rate (kcal/mz-hr)
t, t1, tw ¢ local temperature %)

U : average velocity (m/hr)

uy : velocity at y . (m/hr)

B :R/b (m)

E :1/R (=)

Bm : roots of P(B)=0 (m)

6 : defined by equation (1)

Om : defined by equation (3

¢ : roots of Jo

w o :r/b ‘ (m)
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