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Fig. 1. Diagramatic section of apparatus.
® V.S. motor. @ Turbo fan. @ Air chamber. @ Opening and shutting plate. & Air duct.

Pitot tube. @ Electric heater. Bin.
equipment of air quantity. ) Recorder.
® Temperature recorder.

® Differential pressure transmitter. @ Control
@ Switch board. @ Voltmeter. @ Ammeter.
® Bin in case of the parallel blow. @ Materials for drying.
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Table 1. Drying conditions in case of the cut-sweet potatocs

Ambient air

£ R #

HEOYMWTH 13, BYIY 3EH, b 3@ED
<, BUREREF Iz DRD 40°C, 50°C, 60°C, 70°C D
4 BT, BRSHILEA, WATHO 238 ) TEMEL
tr. FRFNOERSEMS Table 1 DL 5 TH A9,

RBEREER

1. BHRAFETICEHT RSN

Test No. 1~No. 9 & TOETIKITARC & DR
g2, Fig.2~Fig.4 DX 5 Th-1to, BREEES
KE (W) SEESEEE (dw/de) DOFEEHBRIZARETY
TR, BRFEE b EHeOofmERL, WY
h T, @O EHr, B gudMOMN 2
KU, CHIENEIMOBA B KEREVEE T

. itial
Test Drift of Cuttin Dimensions Heat-air temperature (°C) frlllcl)ii:iure Sample  Area of
N blow fu. 8 of form  temperature e tent | Weight o dry bed
NO. oW orm (mm) (°C) dry wet absolute ] (kg) (m?2)
bulb bulb humidity (4P
Parallel- Slenderl 5X1%50 40~70 18.5 14.0 8.0x107° 1.90 0.15 0.09
ar €l- €r.
, Y 5x5x50 40~70  19.0 15.0 9.0x10°°  1.90 0.15 0.09
blow -cut
3X3x50 40~70 14.5 11.0 6.7x107% 1.90 0.15 0.09
4 Venti- ey 5X 1% 50 40~70 19.5 14.0 7.6x107%®  2.27 0.20 0.09
5 lation- " . 5X 5% 50 40~70 19.5 14.0 7.6x107° 2.27 0.20 0.09
6 blow 3x3%50 40~70 19.5 14.0 7.6x107® 2.27 0.20 0.09
Parallel §$mﬂ 2.5 40~70 13.0 10.5 7.0x10°3 1.67 0.15 0.09
8 : : e 5.0 40~70 15.5 11.0 6.3%x107® 1.67 0.15 0.09
blow (thick
9 ness) 7.5 40~170 15.5 11.0 6.3x107* 1.67 0.15 0.09
3.2 /o . 3.2 3.2
y ) 70C ) 8- » /L7o°c
| / L~ 80C 1 /”70@ - /
2.4 42 L 2.4 2.4 A
- AP - 4 .
% 2.0 //’ //,,”SCC 2.0 /| 601C )0 ATs0cC
g - - | soc
Y1 N A A // // 50°C A F
e iV — a0 1.6 / 1.6 T P
| /é A A A (ﬂzxo"c / | s0c
£1.2 o554 net 1.2 /5/ . 1.2 ﬁ =
;% ol A/
Qos C/'D’/ 0.8 //)tj 0.8 /}:U el
. . % =
4 / -
0.4 0.4 A 0.4
0 0.4 0.8 1.2 1.6 2.0 2.4 6.4 0.8 1.2 16 2.0 2.4 R w a v wra
Moisture content(d.b) Moisture content(d.b’ Moisture content(d.b)
Test No.l isienderlv-cut form=5%1X50mm). Test No.2  slenderly-cut form=5X5X50mm . Test No.3 islenderly-cut form=3x3X50mm).

Fig. 2.

Drying characteristic curves of the slenderly-cut sweet potatoes under the parallel-blow.
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0 0.4 0.8 1.2 1.6 2.0 2.4 0 0.4 08 1.2 1.6 2.0 2.4 0 04 08 1.2 1.6 2.0 2.4
Moisture content(d.b} Moisture content(d.b) Moisture content(d.b)
Test Nod tslenderly-cut form=5x1X50mm:. Test No.3 (slenderly-cut form=05x5x%50mm Test No6 (slenderly-cut form=3x3x50mm)

Fig. 3. Drying characteristic curves of the slenderly-cut sweet potatoes under the ventilation blow.

1.4
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el L o
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S 1.2 LA L L& A0c o6 50
21 N e ol d & A7 ' 40°C
2 N A | AT w0 { &L° / PP,
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a / 7 . el : &
W, % Fess
0.4 0.2 |~ Hhps 0.2 o ea
1 /4 -?-A'A‘A‘
0 0.4 0.8 1.2 1.6 2.0 0 0.0 038 1.2 15 70 0 0.4 08 1.2 1.6 2.0
Moisture content(d.b) Moisture content (d.b) Moisture content(d.b)
Test No.7 (thickness of round-cut=2.5mm). Test No8 (thickness of round-cut=35.0mm . Test No.9 (thickness of round-cut=7.5mm)
Fig. 4. Drying characteristic curves of the round-cut sweet potatoes under the parallel blow.

Table 2. Constant rate of drying (R¢), film coefficient of heat transfer (h¢) and film coefficient of
mass transfer (K) in case of the drying of the selnderly-cut sweet potatoes under the
ventilation blow

Dimensions of sample 5x1 x50 (mm) 5% 5x50 (mm) 3x3x50 (mm)
Heat-air temp. (°C) 70.0 60.0 50.0 40.0 70.0 60.0 50.0 40.0 70.0 60.0 50.0 40.0

(t-tw) (°C) 41,0 33.8 26.5 19.3 41.0 33.8 26.5 19.3  41.0 33.8 26.5 19.3

(Hy-H) x 103 (kg/kg) 17.9 14.1 10.6 7.8 17.9 14.1 10.6 7.8 17.9 14.1 10.6 7.8

(dw/de)c (dw/h) 13.40 11.00 8.50 6.40  6.15 5.30 4.15 3.35 7.51 6.98 4.61 3.75

Re (kg/h-m?) 9.11 7.48 5.78 4.35 4,18 3.60 2.82 2,28 5.11 4.13 3.13 2.55

K (kg/m%h-4H) 508.9 530.5 526.4 557.7 237.5 255.3 266.0 292.3 285.4 292.9 295.3 326.9

ht (kcal/m®-h-°C) 128.0 128.5 126.9 131.6 59.1 61.9 61.9 67.0 72.3 71.0 68.7 77.2

K-ave. 530.9 262.8 300.1

hy-ave. 128.8

62.5 72.3

*1 TInitial moisture content (d.b)=2.27 *2. Sample weight=0.2kg
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kS BERE
(1) TEREREE R X KB ERE
£ D ROIBEMRC & OERRBEE
(Ro), (dw/de)., WEBEIHREK (k), RIEDOABE
(%% (hy;) Offiiz Table 2 D> TH 5.
¥k, by DB, HHERORO TR RO
Aic X hfrbh, MBRERE IR BREECIIEL
N EL TR TRD 122,
M, (ﬁ dw

R, =", d—o—)c= F(Hy—H) = hy(t=t) Ve
(1)
T L EERHRO & 3 X0k BT dhud,
FNFROBEENE (He—H), (t—tw) BT 21E
REREEVHEETY 5,
R.: [EREIBHE (kg —water/h—m?).
(dw/de) .: 1EREREE (dw/h),
of drying,
Mg A BERE (kg), Weight of dry sample,
A BREFE (m?), Area of dry bed.
H, Hw: HESHBE R X F8EHRE (kg/kg),
Absolute humidity and saturated absolute humidity.
t tw: BEER, BERIEEE (°C), Dry bulb and wet
bulb temperature,
v: BB (kcal/kg), Latent heat of evaporation.
k: WEBEREK (kg/h-m?-4H),
of mass transfer,

Byt BHBERE (kcal/h-m2-°C),

Constant rate

Film coefficient

Film coefficient

1.0

HFE B @

of heat transfer.

(2) BRI 5 EEERE &Ko & OB

REBHM I 28800 H#Ei2, Fig.3 THL»XL
X 5T, HMREEORBO AR, T Ol
Bz by cmoMess, Lok 2HER, F—
B EARICI 5 2 BOMERELOEREE I,
25 DEREMEEECIIZEL N &I, TR
LERMITEL N T 3034, SEIOERTS, O
SUITER TR,

Fig. 5 12 UITRIRC &2, FEEMtcsT 3 R/
R,k F/F, tOBH®7m o bLIZEDTHS (Fot
HEBREAK, Ra: BEEKEL F BT 5 RE
WEEE). bbb, »ARMTIRRY Rk
weERckDE, 2hERMORGETICET S
MR Ra/Ro~ F/ F o #31X & HREREE R
ERPFAL TRD B EDTE B,

3. FIFATICHETIBIVSLTRYY HEROEL

B, K BEIMRE

(1) AEREREE R X OKMBERE

EE L 0RO AGTIRC & OEREREE, B
EHERE, BBEHREEDIENX, Table 3, Table 4
DEHITH5,

(2) JRERHIMTIS VT A RoMREEE & BUKE & DB

TR 380 T b #REDD H#Eid Fig. 2, Fig.4
D & 3T F OEREER EM A ehBik o T
B U LRI TRREBEI PRI 2 32N
T, #OmhdEice Y, SFROEMICZS.
TUTE X H3Ed i D TRERK O RE ~ DL,
FREEBCRIE 2L 25D Ebhs, EEOKME
T4 B R AR % R 5729, Ri/R,~F/F,
BRI % D> 5 R 1o fERI3 Fig. 6, Fig. 7 1R,

i zf P
0.8 I og”
L o/{ ):"
Rip.6 of 8 /KA o
R c ’ D’ ,l
L ) O70°C o
- A @60C 79 A
0.4 o e .
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F O/K N40°C o nﬂ
» /
O . 2 4 'A
< /
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F/F. F.=2.27 F/F. F/F.

Test No.4 (5x1x50 mm).

Fig. 5.

Test No.5 (5x5x50 mm .

Test No.6 (3x3x50 mm).

Curve of Rg/R¢ vs. F/F¢ in the slenderly-cut sweet potatoes under the ventilation blow.
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Table 3. Constant rate of drying (R), film coefficient of heat transfer (h¢) and film coefficient of
mass transfer (K) in case of the drying of the slenderly-cut sweet potatoes under the
parallel blow

Dimensions of sample 5% 1x50 (mm) 5x5x50 (mm) 3% 3 x50 (mm)
Heat-air temp. (°C) 70.0 60,0 50.0 40.0 70.0 60.0 50.0 40.0  70.0 60.0 50.0 40.0
{(t-tw) (°C) 41.3 33.5 26.0 18.7 41.4 34.2 27.0 19.8 41.4 34.2 27.0 19.8
(Hw-H) x 103 (kg/kg) 18.0 14.3 11.0 8.0 18.3 14.4 11.0 8.2 18.3 14.4 11.0 8.2
(dw/de). (dw/h) 3.32 2,57 2.02 1.48 2,70 2.00 1.58 1,20 2.88 2.23 1.76 1.32
R¢ (kg/h-m?) 1.91 1.48 1.16 0.85 1.55 1.15 0.91 0.69 1.65 1.28 1.01 0.76
K (kg/m?-h-4H) 106.1 103.5 105.5 106.3 84.7 79.9 82,7 84.1 90.2 88.9 91.8 92.7
ht (keal/m?2-h-°C) 26.8 25.7 26.0 26.5 21.7 19.5 19.6 20.4 23.1 21.7 21.8 22.4
K-ave. 105.4 82.9 90.9

he-ave. 26.3 20.3 22.3

Table 4. Constant rate of drying (Re), film coefficient of heat transfer (ht) and film coefficient
of mass transfer (K) in case of the drying of the round-cut sweet potatoes under the
parallel blow

Thickness 2.5 mm 5.0 mm 7.5 mm
Heat-air temp. (°C) 70.0 60.0 50,0 40.0 70.0 60.0 50.0 40.0 70.0 60.0 50.0 40.0
(t-tw) (°C) 41,7 34,3 27.0 19.7 42.0 34.8 27.5 20.4 42.0 34.8 27.5 20.4
(Hy-H) < 10° (kg/kg) 17.5 14.0 10.8 7.9 177 14.3 1.7 9.3 17.7 14.3 1.7 9.3
(dw/de). (dw/h) 2,11 1.79 1.40 1.00 1,20 1.00 0.84 0.68 0.81 0.72 0.60 0.49
Re (kg/h-m?) 1.31 1.11 0.87 0.62 0.75 0.62 0.52 0.42 0.50 0.45 0.37 0.30
K (kg/m?-h-4H) 74.9 79.3 80.6 78.5 42,4 43.4 44.4 452 28,2 31.5 33.0 32.3
h¢ (kcal/m2-h-°C) 18.2 18.8 18.7 18.4 10.4 10.4 11,0 12.2 6.9 7.5 7.8 8.5
K-ave. 78.3 43.8 31.25
hi-ave. 18.5 11.0 7.6
1.0
o [ o PL
4 3° /,',,o‘
0.8 . D’/ “,?18 >0
b i A
/ £ 4
Ra 0.6 ‘ycr‘ . o .7“:
o A Q70°C s /
Re ./° @60°C ,o/r 4
0.4 /o [150°C—] Vd o
. (=] o’
/A H40°C g “’ /
o 4 l
0.2 7 /" o
)
/ -ol ‘/

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0° 0.2 0.4 05 05 To
F/Fc Fc=1.9 F/Fc F/Fc
Test No.1 (5x1x50 mm). Test No.2 (3x3x50 mm ). Test No.3 (5x5x50 mm).

Fig. 6. Curve of Rq/R, vs. F/F, in the slenderly-cut sweet potatoes under the parallel blow.
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Fig. 7. Curve of Rg/Rc vs. F[Fc in the round-cut sweet potatoes under the parallel blow.
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Fig. 8. Drying conditions.
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URALY, IR T2, KR L APRINEL
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Table 5. Calculated results under optical drying conditions on the cut sweet potatoes

@w/de)e

. Moisture Heat-air Absolute A
Drying methods content (w) temp. (t)  humidity (H) (ttw) - A '"“7]; T CV
2.27 70.0 0.006 42.3 13.76  6.68  7.72
1.88 62.0 0.009 34.5 11.22 5.45  6.30
Slenderly-cut and 1.48 54.0 0.012 26.5 8.62  4.18  4.84
ventilation blow 1.09 46.0 0.014 9.0  6.18  3.00  3.47
0. 70 38.0 0.017 1.5 3.74  1.82  2.10
0.30 30.0 0.020 3.9  1.27  0.62 0.71
1.90 70.0 0. 006 42.3 3,33 2.57  2.82
1.58 62.0 0.009 34.5  2.71  2.09  2.30
Slenderly-cut and 1.26 54.0 0.012 26.5  2.08  1.61  1.77
parallel blow 0.94 46.0 0.014 19.0  1.49 115  1.27
0.62 38.0 0.017 1.5 0.90  0.70  0.77
0.30 30.0 0.020 3.9 0.31  0.24  0.26
1.67 70.0 0.006 42.3 216 1.29  0.89
1.40 62.0 0. 009 34.5 1.76  1.05  0.72
Round-cut and 1.12 54.0 0.012 26.5 1.35  0.81  0.56
parallel blow 0.85 46.0 0.014 19.0  0.97  0.58  0.40
0.57 38.0 0.017 1.5 0.59  0.35  0.24
0.30 30.0 0.020 3.9 0.3 0.12  0.08

A: 85x1x50mm or 2.5mm

B: 5%x5%x50mm or 5.0 mm C:

3% 83 x50mm or 7.5 mm
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Fig. 9. Unsteady-state drying characteristic

curves of cut sweet potatoes under
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5x 50 mm).
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Fig. 10. Unsteady-state drying characteristic
curves of cut sweet potatoes under
the ventilation blow (cutting form:
3x3x50mm).
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Fig. 11. Curve of (d¢/dw) vs. w in case of
the ventilation blow (cutting form:
3 %3 x50 mm).
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Fig. 12. Curves of (dg/dw) vs. w in case of

the parallel blow (cutting form:

5 x5 x50 mm).
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BB X CWTR TR 5 YN EO I EH RS
Peghiiis & O ETER IR HET 5.

spepge b, 3R ZE KR BE 70°C, HERRREE 0. 006
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Table 5 D3 5, HlE LT (1) BRI THYIH (3%
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mm) OHELDONT, ZOHEESE Fuy PLIZD
1ﬁmgaFgJ0?@é.%ﬁmﬁﬁmﬁ&,%mﬁ
HRIT 51T B KA DR AR AR 12 DS FETE H DOREMREF
MR TD 5.

(do/dw) + w & DOERIL, &M (1) OBER Fig,
H,%ﬁi@)@%ﬁdF@J2®i5mEb,%ﬂ%
NOEEFTERRS (o) PRI, (1) OBRFT
ﬁ%%@@%ﬁu.wﬂgﬁﬁ,w)@ﬁﬁmfﬁﬁ
HROBEI, =27 Bfis 5, 21z Fig 11, 12
TEL L DT, WHER TR SRR
B3,

= £

C OFgEIR, YN R EgER T 5 HEORRE
BRiTH 1o, HEOYINTR & EREEE & DBk
SN TR 7. BB REEOHEF 2 70°C~40°C, F
B RIRENE & WATHOM S T, YINITIRE, #Y)
b LEEIh TERUN. ZORBRPERNT S LROL
5TdhH5.

1. ONEHEOSREEAR (BEREBEEX Bk L)

3 Eh e b SERIE /2y, EREEEEE I3 EK
e R E, EHTH 5. T I BRI IRR
wihsuy (Fig. 2~Fig. 4).

9. ALEOEMREMN T TR\ 5 HRELEREE 2 R
21w, BT E O WEBENREK (), BB BEREK
(hy) %3k 1z (Table 2).

3. RIS\ D EREREE & FKILORBRE R
%3 hie, HEIREER (Ri/R:) XA (F/Fo)
DERER 2 ERL 72 (Fig. 5~Fig.7).

4 FED (B), (b)) & (Ra/Re)~(F/Fe) B
P b, LB DEMREET I 2 GINTHE ORREHE
i e T & - TRD 2,

5. DLEDFEEH S, EFEEEE (BX, WAT
W) TN EORIRRIT D BrE, 7 ORSPERE
EyEE I, HEERLEE Y5 (Fig. 9~Fig
12),
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Summary

In this paper, examination was made on the relationship between the form of the
specimens cut out of sweet potato and the drying rate, for the purpose of calculating the
efficiency of the continuous drying of the specimens.

It was under the following conditions that the experiments were carried out; heating air
temperature: 40°C~70°C, drying methods: ventilation-blowing and parallel blowing, cutting
form: seldner cutting and round cutting.

The experimental results ascertained are as follows.

1. The drying characteristic curves of the cut specimens (drying rate vs. moisture con-
tents) were apt to be upwardly convex, or S-shaped, and the constant drying rate period
was quite short and the decreasing drying rate was unproportional to the moisture contents
(Fig. 2).

2. Tor the estimation of the constant drying rate through various drying conditions,
mass-transfer-coefficient (K) and heat-transfer-coefficient (he) were determined (Table 2).

3. In order to examine the relationship between the moisture contents and the drying
rate in the period when the drying-rate was decreasing, a graph was obtained, showing the
relationship between the drying-rate ratio (Ra/Rc) and the moisture-content ratio (F/F,).

4. Making use of the above mentioned K, h, and graphical figures showing (R4/R.) vs.
(F/F¢), it was possible to simulate the drying-characteristic-curves of the cut specimens
through the various drying conditions.

5. In the continuous drying of the specimens cut out of sweet potato, including both the
ventilation blowing and parallel blowing, the results obtained above enabled us both to
calculate the moisture and the temperature of air stream and to estimate the moisture-contents
of the samples and the drying-efficiency.



