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A-40-27 13.6 14.70 1.57 1. 46 4.0 3.8 7.8
A-45-27 14.3 19.50 2.16 1.96 4.0 11.2 15.2
A-50-27 14.5 23. 40 2.63 2.34 6.0 30.8 36.8
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C-50-108 13.6 12. 80 1.65 1.28 4.8 28.0 32.8
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C-1 7 % 7= 86.6| 12.8 0.2 0.0 24.91 1.02| 609.55|0.03~0.42 37.3 0. 009 9.6
C-2 " 87.7 11.7) 0.3 0.0 21.62 1.15 599.92 0.57 35.6 0. 009 6.8
C-3 " 87.7/ 11.5/ 0.4/ 0.0 20.60 0.62| 609.04 0.32| 35.9 0. 005 7.0
C-4 " 86.7 12.8 0.1 0.0 19.13 0.33] 581.48 0.18 35.9 0. 006 8.6
C-5 " 89.9] 9.6/ 0.1 0.0 17.66 0.39] 596.42 0.17, 35.8 0. 008 6.9
C-6 /" 88.7| 10.7/ 0.2 0.0 15.76 0.43| 597. 86| 0.32] 35.9  0.008 10.7
C-7 " 89.5| 9.8 0.3 0.0 16. 54 0.55| 603.59 0.31] 40.6 0. 008 9.8
C-8 " 90.3 9.4 0.2 0.0 16.15 0.69] 602.03 0.16] 40.5 0. 009 8.4
C-9 == 90.21 9.0 0.4 4.8 18. 32 0.21] 613.61 0.16] 45.3 0. 002 .9
C-10 7 W 7= 87.4/ 11.8 0.5 0.0 18. 41 0.44) 613.82 0.32| 35.2 0. 003 10.2
C-11 " 85.2| 14.1 0.6/ 0.0 17. 42 0.53| 615.19 0.17] 42.2 0. 003 10.8
C-12 H & I 83.8 15.7| 0.4 0.2 20.67 0.91] 606. 45 0.17 39.8 0.012 1.0
C-13 7 7= 80.1 19.7/ 0.1 0.0, 25.87 0.89; 632.70 0.17 39.7 0. 008 1.1
L-1 H & K 78.3| 20.3 1.2/ 0.2 18.73 1.27] 787.59 0.31, 38.0f 0.009 4.0
L-2 4 83.5) 16.2 0.1 1.0 20.72 0.39; 939.05 0.19, 40.0 0. 009 3.2
L-3 " 77.00 17.3] 4.7, 0.4 21.11 0.57] 948.50 0.19] 39.8 0.008 3.5
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C-1 [523.25/ 12.90] 0.49| 17.4 98.9] 0.3 0.7| 4.83 2.48 2.56| 4.40{ 16.8] 2.6 18.3 kg
C-2 542,90 13.38| 0.22| 4.0 98.2 1.00 0.7] 3.000 2.74| 2.74] 2.94] 3.9 2.8 19.1| 3.6/5.0
C-3 559.91 13.72| 0.24| 4.4 98.5 0.8 0.7| 2.83| 2.43 2.46/ 2.94] 4.8 2.4 17.0] 2.3 1.2
C-4 1539.79) 12.71] 0.19] 0.6 99.0{ 0.4 0.3 4.00] 1.60 1.56 3.33] 0.5 1.7 11.4 1.9 0.2
C-5 [562.16/ 13.01] 0.18] 0.4/ 96.7 2.5/ 0.2/ 3.50 1.33 1.44| 2.67 0.0 1.6 10.7] 1.9| 0.2
C-6 [577.06] 12.59| 0.24] 0.0 96.7| 2.5 0.4 1.50 2.11] 2.03| 0.94 0.0 2.4 16.6 2.3/ 1.2
C-7 [577.171 12.61] 0.10] 0.2| 96.6/ 2.7 0.3 1.33 2.95 2.86| 0.99] 0.2 3.1 21.4 2.2/1.2
C-8 [579.61] 13.07] 0.20 0.2 97.0{ 2.3 0.5 2.000 1.53] 1.62 1.70 0.1 1.6 10.8 2.3/ 0.2
C-9 [574.82 13.04] 0.16] 22.4 98.8 0.3 0.7] 2.25 2.35/ 2.45 2.02 14.9 2.4/ 14.2] 2.2(0.3
C-10 575.87| 13.08| 0.18 1.2 99.0, 0.3 0.6 2.33 2.29/ 2.31 2.25 1.0l 2.2/ 16.0] ‘2.4] 1.4
C-11 [579.94] 12.38| 0.18] 6.2/ 98.2] 1.1 0.6 2.50| 2.02] 2.01 1.88 0.2 2.1 13.4 2.10.3
C-12 [553.15 12.78 0.27| 3.4/ 93.7| 5.6| 0.6| 5.000 1.58 1.53 4.55| 1.7 1.6| 11.1] 2.5/ 0.3
C-13 [540.80| 12.84| 0.43 12.2| 97.9] 1.3/ 0.5 8.00 1.62] 1.58 7.30, 12.1 1.7 12.3] 2.3/0.3
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L-2 [859.55/ 13.36] 0.21 0.8 90.8 8.6 0.20 5.00 1.47| 1.47 4.90| 0.8 1.5 16.0 2.9} 1.0
L-3 —| 13.09| 0.13] 5.6 84.7 10.7| 3.6| 4.50| 1.78) —| 4.25| 5.1 1.8 19.6 2.8/ 1.1
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C-14 Fox v 89.9 8.7 1.2 0.2 0.0
1 C-15 " 86. 4 12. 4 0.9 0.3 0.0
C-16 " 90.5 8.0 1.2 0.3 0.0
C-17 H VN i 84.5 15.2 0.2 0.1 0.0
i C-18 " 82.1 17.5 0.4 0.0 0.0
C-19 I 81. 4 18.1 0.4 0.1 0.0
C-20 A & s 82.2 17.6 0.2 0.0 0.0
1 c-21 ” 78.9 20.9 0.2 0.0 0.0
C-22 | S 7 84.8 14.2 0.7 0.3 0.0
C-23 i 86.0 13.2 0.6 0.2 0.0
C-24 A N i 82.9 16.8 0.3 0.0 0.4
.C-25 S T S 95.2 4.4 0.4 0.0 0.4
'C-26 B K 8 B 90. 2 9.6 0.2 0.0 0.0
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el <
% +% kg m/s+ 100kg| C kg/kg t/h

C-14 22. 20 0.16 0. 007 717 0.16 40.0 0.012 1.4
C-15 22,62 0.22 0. 010 720 0.04 50. 4 0.013 1.4
C-16 20. 35 0.67 0.033 680 0.09 45.2 0. 010 1.4
C-17 25.35 0.64 0. 025 708 0.10 37.9 0. 009 1.5
Cc-18 126,70 0.11 0. 004 720 0.05 48.2 0. 009 1.5
C-19 126.82 0.16 0. 006 756 0.19 35.0 0.010 1.5
C-20 119.86 0.05 0.003 786 0.18 34. 4 0. 006 1.6
Cc-21 119. 90 0.09 0. 005 749 0.05 44.8 0. 006 1.5
Cc-22 '19. 20 0.08 — 675 0.05 52.7 0. 008 1.2
C-23 17. 46 — —_ 935 0.09 40.0 0. 006 1.6
C-24 21.12 0.18 — 661 0. 06 45. 4 0. 007 1.4
C-25 19. 58 0.10 — 629 0.04 45.1 0. 008 1.3
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7 W |5 v 7 ROk i
AL 5 . % % % % %
4 89.7 9.4 0.9 0.0 1.6
B-1 1 9
I
A-2 6 4
= 89.7 9.8 0.4 0.1 0.8
B-2 1 9
A-3 6 4
A 88.5 10.9 0.5 0.1 1.3
B-3 1 9
I
A-4 6 4
=3 89.7 9.7 0.6 0.0 1.2
B-4 1 9
A-5 6 4 89.9 9.7 0.4 0.0 2.0 3.
i A-6 2 8 88.3 11.0 0.6 0.1 4.4 4.
A-7 2 8 85.0 13.7 0.9 0.4 3.2 4.
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# B BIKER (e & # ' B O B OE i
% +% kg /s 100kg| ‘C “C|
A-l 20, 88 0.3 | 0.018 705 | 0.053 21.9 8 | 0.007
B-1 20. 85 0.19 | 0.009 904 | 0.050 19.3 19 | 0.008
A-2 19. 66 0.20 | 0.010 724 | 0.051 20.0 8 | 0008
B-2 19. 43 0.24 | 0.012 901 | 0.048 19.0 48 | 0.009
A-3 20. 48 0.26 | 0013 703 | 0.094 18.2 42 | 0008
B-3 20.13 0.21 | 0.010 002 | o011 19.0 2 | 0010
A-4 20. 26 0.10 | 0.005 700 | 0.10 15.5 42 | 0008
B-4 20. 30 0.20 | 0.010 9L | o011 16. 4 42 0.009
A-5 24,87 0.23 | 0.009 706 | o0.21 12.7 35 | 0.005
*
A-6 24,07 0.25 | 0.010 700 (8 i;) 15.3 48 | 0.005
A7 23, 67 0.3 | o0.013 701 | 013 15.1 42 | 0.005
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kg| % +% h %/ % % %, %
A-1 639 13.03 0.19 0.015 6. 50 121 | 95.3 3.6 1.0 0.1
B-1 826 14.13 0.24 0.017 6. 50 1.03 | 96.6 1.9 1.3 0.2
A-2 670 13.32 0.36 0.027 6.00 1.06 | 93.6 5.9 0.5 0.0
B-2 837 13.48 0. 24 0.019 6. 50 0.92 | 912 8.1 0.5 0.2
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A-4 639 13.09 0.17 0.013 5.00 1.43 | 97.4 1.8 0.6 0.2
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A-6 604 12.59 0.26 0.021 5.00 2.30 | 98.0 1.6 0.7 0.2
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A-5 3.2 29.6 32.8 6.3 30 19
A-6 0.4 66.9 67.3 4.0 2 65 —
A-T7 0.4 35.0 35. 4 5.8 34 L7




Ifﬂnmm48 C R J\'E’liml 742°C
T o5 Ja\ 5 0. 05m” /s 100kg 8 2.0 B 0. 100f /5-100ke
o ® : il RiEA o ®:A
) O: W B ) O:B
5 i
L ! E‘LL f Q_
1 ﬂ e * O
1.0 0 .. 1.0
s Q| ik
3 4
(% /h) (% /h)
0 0
0 30 60 0 30 60
g B e (min) f #Ros% B (min)
1 (2)
EBNV-12K REHOZA & LUEREEBORE & TOsREE
(k=13 5% THIEL 7=8)
S (e e Rl ey 5
‘;_B*SM e E y B 2.0 T i T !
PRI (35,0.2,19 A—7
[ A= IR 1.8 3 | :
= A—5 (42,0.1,20)
= o A— J |
2 ‘ wy 1.6 |
0.09 O i (42,0.1,19)
jev 0.06 O, ] 18~19min ' w 1.4 (42,0, 1’57);,
T A, Al 5257 1 | l —~—— ~
{m/s+100ke)| o__l_AfL__ ! A B 1.2 (49, 0. 05 19)9 - s |
0.05| - - fBAIIETR TS 4849 (48,0.05,56) e~ _ N
" I ) [N J ‘i;, 1.0 J I~ F==0—o|
| ’a" i \~§-‘
< 0.8
0.04 - ) |
N Y S Y S T AT 0.6 o
SEMRCRE R (o) AN L T %) Lo
BW-13  JEEEM, REE, ERRERLLE f
B s S UEREAE (SKES, 5% P IR = ey W
= TEIE L 7B " Y
EECIE LA EEN RV DD EEL T I & Bbh N
B ok, MRNEOSKEOL b BbAS L, BEE 0 2
DB H AR IRBIC T bR ¥ < 705 X 5 Fo ) it
CH BN, WHETXILD ol B Z\\J
2) REMNERHEE S X OIRER ORR n 10 ’T&
BB EEE LRSS 2 2B OWTHRD ] O\\}\ -
LT3, HT-1EDS T, i TSR
HN-10F~ 1205 b RE L, RRRERES ) oL | [~
HCChiug, REOMATE DK &\ AT 0/10 179 2/8 3/7 4/6 5/5 6/4 7/3 8/2 9/1 10,0
BRI feBh kD, B & 2> 7oA (2 > 78/ BRED)
F 7o, BB AN 0. 05w s+ 100kg & 0. 1nd/s+100kg & % GE) (1) EKEI3.5% % TR Lok

Wl s &, BEEOS\HAERARES Tk b s 2) () AIREREE °C, BREH ms/s 100kg,

TR min % R$, |
2 B, W ORI C b SRR 0. 295 /hiE ‘
B e TH D, Linb BV-13RICRT X 5 1 b BV-14H HRLBERECHYT 2EHMOMERL

ETHEREE S LU LIREAEOERN
OLeFEENRIAEDODINL D LR UEETH -7,




Z oz X, AEROES B RAELS0. 05m’/s- 100kg
X 0.10ms-100kg DFDPEHREEREI LS5 &
W5z Thh, V- CoRBMERERATMRLE.

¥ AEN, RREELAEVRET TAhE, BERT
B HEBRUEORECHIEHEREE XHEL Lot
2, FRCIZEREBROREN b Sh ol GETV-14FD. ¥
CHExbHE, BRFOREVWDOREXRALELYTHS
DERHD, BRMOPNIWEOTIIERRELYEIL
55 &5 LIIND,

CoT, BEMOERENEL AT, PHERE
ErRUR UK, BREOFEhEMLLL TRE
Bl cesnt s o LELT, ABREB A5,
A-TORBREER LY 25 &, AN O ERBRIAR O &K
mE LRI BH, BEHA 0.1~0. 20/s-100kg &
W% <, TRREH 200 BE CRWBMLEY S
BEENREIN, PHRBERERARLL bwitkh
W, BRBORHNRLAERECLS LW FHRY G
(B N-14FD,

E. i) Rk L v 7 2B o< L F A AR TRIT

B0 HRglRst L REh

1. B

FxRECBRL CERT 2 AR (F vy v 7Ry
AbBUIE < AT SRR OBEHRCETE
Fa1E5,

BEENRE LD TREL, 2, 7 vy v 7 G
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3. HELLIUESR
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kg % %) /s 100kg C| ke/kg t/h h h

MP-1 | 7+7= | 638.15] 24.95 0.0 0.17] 44.7 0.000 1.3 1.50 4 e
MP-2 " 653.60| 24.51 0.0/ 0.16] 44.7] 0.008 .3 1.50 200 #
MP-3 | H A& B | 670.40] 24.19 0.0, 0.29 44.6/ 0.007 1.3 1.50 20 #
LMP-1 " 964.05| 23.73 0.8  0.26] 45.0 0.008 4.2 1.50 20 u
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kg % %] n/s-100kg ‘C kg/kg| t/h min/[A] h/lal

MP-4 | 7 % 7 = | 606.75 26.26 0.0, 0.34] 49.1] 0.007 1.2 30 4 4
MP-5 ” 612.70|  26.38 0.0  0.33)  49.5 0.006 0 30 4 4
MP-6 | hEFTA | 648.05 24.62 2.6 0.31 61.1] 0.005 1.0 12 4 6
MP-7 1 640,95 21.49 0.0, 0.31  44.9] 0.005 1.3 30 4 4
MP-38 7 622.70 21.70 0.0/ 0.32] 48.8 0.005 1.1 20 4 4
MP-9 7 623.95 22.35 1.4  0.32 547  0.004 1.1 12 4 6
MP-10 1" 636.65| 22.63 0.0 0.31  49.9  0.004 1.1 30 4 4
LMP-2 | H & K| 910.40, 21.04 0.6/ 0.29 45.0] 0.008 4.2 30 4 4
LMP-3 " 010,40 21.89 0.2  0.30] 50.0, 0.008 4.2 30 4 4
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MP-1 1.50 20.54 2.94 1.6 20.43 13.21 3.50 2.06 29.8
MP-2 1.50 20.22 2.86 0.0 19.94 13.12 3.50 1.95 16.6
MP-3 1.50 18.52 3.78 0.0 18.31 12.18 2.50 2.45 20.4
LMP-1 1.50 18.51 3.48 1.2 18.38 11.97 2.50 2.56 8.4
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SUMMARY

In the Official Rice Inspection Standards of
Japan, since it was reported that there was a
correlation between craclk ratio of kernels in
brown rice and ratio of broken kernels when it
was milled, cracked kernels have been dealt
with damaged kernels and crack ratio of kernels
in brown rice is the one that affects the grade
of the brown rice.

In Japan, brown rice kernels on the surface
of which a crack ring or rings break out are
graded as damaged kernels by the Official Rice
Standards of Japan (see Fig. 1).

Kernel of Brown Rice

Crack

Fig. 1 Examples of Cracked Kernel Graded
as Damaged Kernel for the Official
Rice Inspection Standards

The purpose of the experiment in this report
is to find the relation between drying conditions
of rough rice and crack ratio in brown rice
kernels and to obtain the information for design
and operation of dryers by the results of the ex-
periment.

The experiment was carried out from 1965
to 1969.

Almost all of artificial rice drying is now
done by moving air through a rough rice layer,
and so these studies were done to obtain the data
for these drying methods.

1. Drying Rate and Crack Ratio for
Continuous Air Flow through the Thin
Layer

(1) To obtain the relation among temperature

and humidity of drying air, initial moisture con-
tent of rough rice and crack ratio of rice kernels,
when dried to the regulational percent moisture
(13.5~15.0% in rough rice) qualified for the
Official Rice Inspection Standards of Japan, an
experimental device, which is able to force the
air of a uniform condition through a rough rice
layer during a drying period, was designed and
built. Each drying test was performed on a thin
layer drying basis and at various drying air tem-
peratures and humidities.

The results for these tests are shown in Fig.

2 and Fig. 3.
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—0. 007 kg/kg
---0.024 kg/kg
(2) Final Moisture Content; about
18.5%
(8) Initial Crack Ratio; 0%
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Total Kernels of Sample X1000%%)
(5) Cracked Kernel; One Graded as in
Damaged Kernel for the Official
Rice Inspection Standards
(6) Variety of Rice; KUSABUE

Fig. 2 Relation among Initial Moisture
Content, Air Temperature and Crack
Ratio in Thin Layer Drying
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Fig. 3 Relation among Initial Moisture
Content, Mean Drying Rate and
Crack Ratio in Thin Layer Drying

According to these figures, it was found that
it was necessary to dry rice at lower drying air
temperature as an initial moisture content of
rough rice increased, and the higher the initial
moisture content of rough rice, the lower the
mean drying rate (percent moisture content per
hour on wet basis) must be permitted under a
condition of less crack ratio, when it was dried
down to the regulational percent moisture.

According to the information of the studies
that the moisture gradient within individual ker-
nels during drying would be expected to cause
cracking, there will be larger range of moisture
content to be removed in high moisture rough
rice than low moisture rough rice, when it is
dried to a certain moisture content, and the mois-
ture gradient within each kernel by removing
moisture during drying period will be larger as
an initial moisture content increases, and then
much cracking will result after drying.

(2) 1In order to explore the difference of the
characteristics on the outbreak of cracking in
rice kernels in the forced air drying, the drying
tests of rough rice with many kinds of varieties
harvested at various periods were made under a
constant drying air temperature of 40°C and
absolute humidity of 0.010 kg/kg of dry air.

Then the relation between the crack ratio of
rice kernels developed when rough rice was dried
down to 13.5 percent moisture and the character-
istics of rice kernels for cracking was clarified.

Twenty one varieties of rough rice different
in sizes of kernels and periods of harvesting
were grown and harvested in various moisture

contents at the attached farm of the Institute of
Agricultural Machinery in Saitama Prefecture.

The considerable differences in crack ratios
of kernels among all the tests have were observed
and it was found that the comparatively early
harvested rough rices (harvested from September
12 to 29) were easy to crack compared with the
rough rices harvested after that, and the com-
paratively larger kernels with higher initial
moisture contents were easy to crack.

(3) 1In spite of lower or no crack ratio of
kernels directly after drying and being kept
without drying or wetting during the period of
store after drying, a phenomenon of increasing
crack ratio as the time goes after drying had
been observed, and the effects on the phenomenon
of crack ratio increasing were investigated with
regard to the temperature and ventilating condi-
tions during store from the end of main drying in
which rough rice was dried down to 12~14 per-
cent moisture with heated air to the observated
time of crack ratio. After drying at various air
temperatures and absolute humidities, the rough
rices were stored in tightly sealed bottles and
kept at constant temperatures and the increasing
circumstance of crack ratio with time goes from
the end of drying was observed. Also the experi-
ments of ventilated air of various kinds of nearly
natural temperature and absolute humidity to
kernels after the drying were made.

The results of the investigation are as follows:

(a) The crack ratio in the case of nonventila-
tion after the heated drying has increased ex-
ponentially with progress of time and reached a
constant value in about 48 hours.

The case of drying by the heated air with the
higher absolute humidity of 0.024 kg/kg of dry
air clarified that the differences of crack ratio
reached finally between 0°C and 30°C storing
temperatures were larger at 30°C storing tempera-
ture more than at 0°C. However, in the case
of drying with the lower absolute humidity of
0.007 kg/kg of dry air, the differences were
not observed for the both temperatures during the
period of store.

(b) In the case of the ventilation with nearly
natural temperature and ordinary humidity (near
0.010 kg/kg of dry air) or lower humidity than
that from the end of drying with heated air,
a remarkable difference on increasing of crack
ratio as finally reached has never been observed
distinctly compared with the store condition in
tight sealing without ventilation. Of course, in
the case of the ventilation at special high humid-




ity, for example about 0.020 kg/kg of dry air
at 28°C, the crack ratio reached finally after
store following ventilation was larger than in the
sealing condition, because the kernels absorbed
moisture. However, there were also the cases
that the crack ratio reached finally was less in
high humidity air ventilation than in the case
stored closely without ventilation. The cause of
the fact seems that the equilibration of moisture
between the outside of kernel and the inside of
it occured as the surface of kernels absorbed
some moisture after rapid drying.

(¢) According to the result of the experiment,
it was considered that the survey of rice crack-
ing after drying should be made after keeping
for 48 hours or longer. Then throughout the ex-
periment of this report, the samples observed on
crack ratio were sealed tightly and stored for 48
hours or longer at 30°C after drying.

2. Drying Rate and Crack Ratio for
Intermittent Air Flow through the Thin
Layer

(1) In the case of drying with intermittently
ventilation, the effect of the nonventilation time
on the mean drying rate of the following drying
(secondary drying) was investigated. The rough
rice was dried to a certain moisture content as
the first drying with the various temperatures
of air and then the secondary drying with a
certain air condition after storing in tightly sealed
bottles was carried out. The time required to
dry to a certain moisture content by the second-
ary drying and the moisture content reached dur-
ing a certain period by the secondary drying
were observed and then the relations among the
time and the moisture content mentioned above,
the storing temperature and the storing time in
tightly sealed bottles were obtained.

Consequently, the state of drying which was
capable to be indicated with the drying time or
the moisture content in the secondary drying
mentioned above showed little change with the
differences of the storing time by 48 hours. The
drying time or the moisture content for the
secondary drying was effected by storing tem-
perature, and the higher the storing temperature,
the higher the drying rate of the secondary dry-
ing process.

(2) A convenient method was developed in
order to predict the mean drying rate, the ventila-
tion and the cracking aspects in a certain mois-
ture content after drying, when the rest time of
ventilation (tempering time) without drying from

the end of the first drying to the beginning of
the next drying was so long that the moisture
equilibrated throughout the kernels.

We would be able to know the aspect of
cracking outbreak, regardless of drying time
with heated air, if we could know an initial
moisture content and a drying air temperature,
provided that the absolute humidity is 0.010 kg/
kg of dry air, the tempering condition during the
store is 30°C and drying air temperature extends
to 40 to 70°C.

As the methcd of the experiment, the air of va-

rious temperatures was ventilated in rough rices -

of various initial moisture contents with the uni-
form distribution of moisture in each kernel, and
the drying have been done with the thin layer.

The increasing aspect of crack ratio was in-
vestigated with progress of time according to
moisture content reducing and then it was graphed
for the relations between the initial moisture
content and the time from the beginning of dry-
ing to the time of outbreak of a certain crack
ratio, and the downnable moisture content for
individual air temperatures.

The results such as Fig. 4 and Fig. 5 were
obtained in order to predict the increasing aspect

21
20 o
/D
19 &
/Eb%/:x
o |_a
o

= o

—
O’_‘I\J w e v [=23 -3 b
=

Y
7z

ey

\ \\\
\

TN

—

Moisture Content after Drying on Case

Permitted 19 Crack Ratio (%)

16 17 18 19 20 21 22 23 24 25 26
Initial Moisture Content (w.b.%)

Note: (1) Air Temperature;

@ 40°C A 45°C X 50°C H 55°C
A 60°C []65°C O 70°C
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(3) Initial Crack Ratio; 0%

(4) Cracked Kernel; One Graded as
Damaged Kernel for the Official
Rice Inspection Standards

(5) Variety of Rice; TONEWASE

Fig. 4 The Reduction of Moisture Content
Permitted in Continuous Drying  of
Thin Layer
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Fig. 5 The Drying Time Permitted in Con-
tinuous Drying of Thin Layer

of drying circumstance and crack ratio from these
figures.

In addition, as the result of this experiment,
it was clarified that the mean drying rate was
able to make faster with the higher temperature
when rice was dried from a certain initial mois-
ture content, provided that over a certain crack
ratio was not allowed. However, in the drying
with high temperature the downable moisture in
the case of continuously drying was smaller
than in the case of lower temperature.

(3) As it was difficult to obtain the data ap-
plied for all of drying conditions in intermittent
heated air drying (multi-pass drying) with a
short time tempering, these tests were done to
obtain the information about multi-pass drying in
which drying air temperature, pass time through
a dryer and tempering time were various values,
but each item was'constant from the start of dry-
ing to the end. However, the absolute humidity
was a constant value of 0.010kg/kg of dry air
throughout the tests. The tests were made with
a simulated form in which rough rice was dried
intermittently on a thin layer of it.

The results of the experiment are able to be
applied to the circulating dryer grain holding
compartments of which are divided into a ventila-
tion section and a tempering section without
ventilation, and in which grain remove regularly
between the both sections with circulation.

The results derived from the case of rough
rice dried to approximately the regulational per-
cent moisture content are as follows:

(a) When the ratio of pass time through the
ventilation section of dryer to tempering time per
one cycle of grain circulation was constant, the

mean drying rate in total drying and tempering
operation time was accelerated as this cycle was
shortened.

(b) If the rice was dried under the condition

. permitting a certain ratio of cracked kernels with

the drying to the regulational percent moisture
and the ratio of a pass time to a tempering time
in one cycle of grain circulation was constant,
it was recognized that the critical mean drying
rate was accelerated as this one cycle was
shortened, but was not accelerated more than
that in continuous heated air drying within these
tests.

(c) Under the above condition, it was con-
sidered that the critical drying air temperature
keeping less crack ratio was not related with the
length of a cycle of grain circulation and approx-
imately a constant to the length of the time,
and critical drying air temperature rose as the
ratio of tempering time in one cycle of grain
circulation increased.

3. Drying Conditions and Crack Ratio
for Some Types of Dryers

The objectives of these tests were to search
for the effects of drying condition on crack ratio
of rice kernels for grain moving type dryers
like circulating dryer or continuous flow dryer
through comparatively near scale tests for prac-
tical use. Some types of the experimental dryer
and the commercial made dryer were used on
rice drying tests.

(1) On the results of drying tests with two
types of the experimental columnar vertical
chamber type dryer and the inverted air channel
proto-type dryer with various initial moisture
contents of rough rice, air flow rates and drying
air temperatures, it was found that rough rice
of lower initial moisture content could be ac-
celerated more the mean drying rate under the
condition permitting a certain crack ratio than
rough rice of higher initial moisture content,
similarly for a thin layer drying.

(2) When rough rice drying was done with a
uniform temperature-of drying air, with continu-
ous circulation of rough rice and under a condi-
tion of practical drying air temperature to prevent
cracking from drying, the effect of rate of air
flow on the mean drying rate was little at the air
flow rate above 0.3 m® per second per 100 kg of
rough rice.

As the results of tests done with the colum-
nar vertical chamber type dryer, if rough rice
drying was done under a constant ratio of cracked



kernels after drying, the critical drying air tem-
perature was able to be raised relatively as
initial moisture content of rough rice decreased,
similarly in case of thin layer drying.

(3) Three types of circulating heated air
dryer consisting of a drying section and a temper-
ing section (the ratios of a rough rice holding
capacity in a drying section to a holding capacity
of rough rice in a tempering section were 1:9,
6:4 and 2:8 respectively) were used for the
rough rice drying tests.

The outline of the investigation about the re-
sults of these tests was as follows:

(a) The circulating flow rate of grain itself,
when a rate of one pass of rough rice in the
dryer was from 19 to 57 minutes, had little effect
on mean drying rate. For each dryer, the more
the air flow rate, the more advantageous to re-
duce cracked kernels.

(b) When the air flow rate in rough rice to
a total holding capacity of each dryer and the
drying air temperature were the same for those
dryers, there was a little increase in the mean
drying rate as the holding capacity in a drying
section increased, but under a constant ratio of
cracked kernels after drying, the critical mean
drying rates for each dryer showed not large dif-
ferences. In these cases, in order to get the
same mean drying rate, it would be necessary
to adjust the drying air temperature so that it
reaches higher value, as the holding capacity in
drying section decreases.

(4) For the multi-pass drying system with
tanks and continuous grain flow dryers the air
flow rate of which is close by the range of
practical use, some data to operate in this drying
system was obtained on the relation among dry-
ing air temperature, drying time and so on.

4. Crack Ratio in Very High Drying
Rate with High Temperature Air Flow

The data of cracking in artificial drying
as mentioned in 1. 2. and 3. correspond with
general drying methods in which drying air
temperature is below about 7(°C. This experi-
ment is intended to know the trend in which the
drying at very high rate was done with higher
temperature and more plenty of air flow rate.
The crack and the other qualities of rice were
investigated when the rough rices of moisture
contents of 29, 24 and 18 percent were dried
continuously to about the regulational percent
moisture, and drying temperatures in each mois-
ture content was in the range of 40 to 130°C,
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Fig. 6 Crack Ratio on Various Air Temper-
atures and Initial Moisture Contents
in Forced Air Drying

about

and air flow rate was 8 to 1lm® per second per
100 kg of rough rice.

(a) On the correlation between drying air
temperature at t°C and crack ratio %, when the
moisture content of rough rice became 13.5 per-
cent moisture by drying, it was found out that
the crack ratio was attained to maximum at t°C
equal to nearly 80°C. The higher air temperature
over this temperature, the lower crack ratio
broke out (see Fig.6). By raising of air temper-
ature, the saturation point of crack ratio (the
temperature when crack ratio of rice is 100 per-
cent) and the saturation band of crack ratio
(the range of the temperature when crack ratio
continuously remains at 100 percent) were re-
cognized.

In the case of higher air temperature beyond
the saturating band of crack ratio, it was remark-
able that the higher initial moisture content, the
lower crack ratio under a certain temperature
condition.

The above phenomenon seems to be attributed
to the fact that rough rice of high moisture




content is gelatinized and the outbreak of crack
become difficult even if it is dried with high
temperature and very high drying rate.

(b) 1In the range of these experimental condi-
tions, the mean drying rate (percent per hour)
when the rough rice was dried to 13.5 percent
moisture increased in proportion to nearly four
powers of drying air temperature t°C. The rough
rice of 29 percent initial moisture content could
be dried rapidly at 130°C for about 5 minutes
and crack ratio was little.

(¢) The result of the investigation for drying
of rough rice to about 14 percent final moisture
content at 130°C in which crack ratio was little
beyond the saturation band of crack ratio was
as follows.

It was recognized that the qualities of brown
rice and milled rice were gelatinized, trans-
parant like a glass, and the taste of the cooked
rice lacked in stickiness.

Moreover, according to the Brabender Amylo-
graph, the breakdown was nearly zero B.U.,
therefore, it became clear that this rice had
one of the characteristics of perboiled rice (see
Fig. 7).

(d) The results of
practically as follows.

For the drying of high moisture content rough
rice with heated air, the characteristics of rice
tend to change for the worse against present
Japanese customary taste. However, on the
other side, when high moisture content rough
rice was dried rapidly with plenty of heated air

the experiment mean
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t= 40°C, Initial Moisture Content 18%
t=130°C, Initial Moisture Content 29%

Fig. 7 Amylograph Curves of Milled Rice

flow, its characteristics of the rice quality become
quite alike perboiled rice. In order to produce
such kind of rice, the rapid drying method with
heated air of high temperature will be possible
for use.

5. Application of the Results to Prac-
tical Use

The establishment of drying air temperature for
various types of dryers was taken into considera-
tion, based on the above experiment results.

In parallel with other experiment results con-
cerned, it was found that it would be difficult to
obtain 1.5 percent per hour for the mean drying
rate, in the case of drying over 20 percent
moisture rough rice to the regulational percent
moisture level and at the same time keeping up
a few crack ratio, except in the case of the very
high rate drying with high temperature air flow,
previously mentioned in the item of 4.
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