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—HE) X o THEDRERAR I RS, 225K
BEEORENT 3 BOREREHCTITV, BEOTE T
ZEKBAND 30 7% I TIT o o, $HHINER B
BERE R BHHTig. 1 ©, Fig. ) w gL <sy,

1I.



o
(=]
6]

AEWEE RFRFHMAPRE £ 145 $£35

B . ® o |
Q. e T (-] .I'Q J}

@ Feeder @ Tube @ Fan @ Orifice meter 5 Electric heater (8 Heat exchanger
(@ Cyclon separator ® Bag separator (9) Return tube

Fig. 1. Experimental system.

Fig. 3. Air flow measuring equipment
and electric heater.

(& Orifice meter, B Electric heater)

WKEDOER AR S b bt lIEfRE S 51, KIE
#w1lbatg F L, TOBKERAH LT TKESY

Fig. 2. Fciede'r. (Surface is covered TSl BHEOMEIHBEELEL, BAFR
with insulator) R R & L
BEHHEOERIL 23m THD, RHBIBREDH M BEE R BE LM R EORE I YA 7 e v

A2 1.90x 107" m 0/ (SUS 304) CHiVs, FORIEEIC (Fig. 1@, Fig. 58) X - THB&ZER L kX
WER AP T AR FA Ui, BEREHTRER , 1 7 e vOPRPRE TR BRIy 27
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Fig. 4. Heat exchanger. (Surface is
covered with insulator)

Fig. 5. Separator. (& Cyclon separator, ‘B Bag
separator, ‘C Return tube)

Nz — (Fig. 1 ®, Fig. 5 B) i X » CENR L i /e
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(1) ZEROBHER: ZERRE GHTARD) & 40~
80°C & L, Z2&E% 130~175 kgf/hr (20°C, 1.03 ata iZ.
T, WHEKEY 310~1100 kgf/hr L Lo h b % E
HHAGHEC 19 EOERKZHR/EL 1,

(2) HIAMOLHER: v—sH7AREFERAL,
WHMAODORASERED 70°Creind X 5w ERIRE
ZREA L. 77 ARMOEIEES 84, 120 kgf/hr & L,
22 G E% 125~160 kgf/hr (20°C, 1.03ata iz C) &L,
Ay EIK B 600, 1380 kgf/hr & LTz h b 4elE % EEE
ZEhe T 12 HORRK 2 E L.

(3) BEHIOBAER: REHREYR 60, 70°C &
L, BAL OB 58, 68 kgf/hr & L, 22&E% 150~
170 kgf/hr (20°C, 1.03 ata iz C) ¥ L O HIKE % 1,000
kgi/hr & Lo b {F2HAEHET 12 B0 BK %
FHE LI,
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Ty igls, Table 1 icpifB% 4, NMTRIIEMRES
HEhDEHAREY RS, BT PHE, AEHIHERS LU
EEVHRLES L, RERAETHAEGRR ST
BOTHEIRTERIhT5 D% Hv7c, Table 2
P EE TR,

Table 1. Physical properties of
glass powder

Arithmetic mean diameter 447 ()

Weight mean diameter 134.6 (y)
I

Volume-surface mean |

diameter ! 107.6 ()

Specific heat (60°C)
Specific weight

0.183 (kcal/kgf°C)
2573 (kgf/m3)
Thermal conductivity (60°C) * 0.559 (kcal/m«hr-°C)

1 keal/kgf°C=4.187 KJ/kg-°C,
1 kcal/m+hr-°C=1.163 W/m-K
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Table 2. Physical properties of
non-fat dry milk

Mean particle diameter 56 (1)
. 482

Bulk density %1);}51(: 8‘75157 (gr/cm?)

. . .642
Void ratio %i?gﬁ': 8.467 (gr/em?)
Specific gravity 1.555 (gr/cm3)
Air-cell ratio 0.134 (—)
Moisture content 421 (%)
Thermal conductivity (60°C) | 0.270%(kcal/m+hr-°C)

* Bulk density 0.600 (gr/cm3)

111, XREREER

1. BROAHEER

Table 3 w2k, WHKE, 258 IURHKOE
ZEE R L O REER D WHARA~OERREY T, 22
KW HK~DEEELFE TS L, ERRECKT
fE&IEHC LB X 0 bHKIRE O EAE 2 EE L

TP 10~121 keal/hr k& & fr o Tl B,

i

il IR G GRES 22~28°C) 2B M IR~ A L 72
BTHD, TEHREHED 1.3~10.3% S LT3,

RS D WK A DGREGE T R E S B Tt b
L, RATRKDLZ ENTES,

U=

=
Z i

MRS UnkDddEE

9 _
A-dt

q=22RM RIS o T B
#& (kcal/hr)
A=§@fﬁﬁ‘fﬁﬁ{' (m?2)
At=72%,

feks, 1 kca1=4.187 KJ,

(1)

U=#4EE8E8 (kcal/m?+ hr-°C)
Bl L hBHEKSRE L

BEUK O TR EEE (°C

, BB B IOREEYE

B CHET 2 NERH B, Table 3 KT X5 ekRE
B oW\BEHIEL 1/10°C AAR/NEAI W ETHH DT, M
GRENEG TR LTINS, LT TE
Sl 3s X O ELR G 0 BEIEERE A & R A T
R RDB LT 5,

BERIR &N

Table 3. Heat from air to water at the air cooling test

Air tempe- | . Heaaitrftrgm Cooling wat . Hef(: frOtmr air

rature Difference| Air flow water Te%np.a ®YDifference| Water (V\\A/,:t:r base)

No. Inlet Outlet of temp. rate (Air base)| Inlet outlut of temp. | flow rate (B) (B—A) (B A

Q) S (kgt/hr) (kc(iﬁ)hr) <) Q) (kgf/hr) | (keal/hr) @i?ﬂ)
1 60.5 35.1 254 131.0 930 10.6 116 1.0 1010 1010 80 7.9
2 61.0 341 26.9 131.0 985 105 115 1.0 1040 1040 55 5.3
3 60.5 33.9 26.6 130.0 970 105 114 0.9 1094 985 15 1.5
4 60.0 33.7 26.3 130.5 960 10.2 11.2 1.0 1068 1068 108 10.1
5 60.3 34.0 26.3 130.7 953 104 113 0.9 1100 990 37 37
6 60.1 337 26.4 130.0 959 104 114 1.0 1050 1050 91 8.7
7 59.8 34.9 24.9 150.5 1050 10.4 117 1.3 901 1171 121 103
8 60.2 327 275 142.9 1150 10.1 118 1.7 731 1248 93 75
9| 600 345 255 150.3 1075 9.5 117 2.2 504 1159 84 7.3
10 59.7 36.1 23.6 150.1 990 10.0 134 34 310 1054 64 6.1
11 602 34.0 26.2 150.2 1100 10.3 114 1.1 1067 1174 74 63
12 60.3 33.3 27.0 165.2 1250 10.2 115 1.3 1013 1317 67 51
13 600 32.8 27.2 170.4 1300 10.2 116 1.4 1011 1415 115 8.1
14 59.6 322 27.4 175.0 1345 102 116 1.4 1010 1414 69 49
15 40.2 19.6 20.6 130.0 750 10.3 110 0.7 1085 760 10 1.3
16 50.1 26.6 235 130.0 856 10.3 111 0.8 1095 876 20 23
17 700 394 30.6 131.1 1123 10.3 114 1.1 1060 1166 43 3.7
18 747 417 33.0 130.6 1206 10.2 114 1.2 1091 1309 103 79
19 80.2 45.2 35.0 130.0 1273 102 1156 1.3 1053 1369 96 7.0
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1 .
U= : (2)

Tnd, T 2T ZZ ln d1 T Tuds
U=#¥EEER (kcal/m2- hr-°C)
I =225 N BE O BEIESGREX

(kcal/m2-hr.°C)
d=EFDRE (m)

=FOBEER (kcal/m+ hr-°C)
dy=E DR (m)

Iy =K PIEBE DR R
(kcal/m?+hr-°C)

@) RD hy, hy FERHFEECTHDDOTHEEBR 1HR
Bz, KERITLABET R M (Nu) TERIRT
B, WHEFHKEOBEIARTRENS,

Nu = 0.023Re3-3P24 (3)
Nu=zer ¥ (~)= hD
D=FoRERE (m)
L= AR OBEER (kecal/m «hr - °C)
Re= v+ 7 v 28 (-)

i

Pr=735 v ¥ (—)

ek, WERBROESIIRATRIND,
0.14
Nu = 2.02GY/3 (ﬁ) (4)

Janaty vt

Gz=7v4 V¥ (-)
(= FARAR R OREE (kgf/m - hr)
o= EEER BT B MAEORE
(kgf/m - hr)

Table 4 w224 B X OB HKD v 1 7 2 ZXH (Re) %
R, Z2R0D Re iy 3.34~473x 10" CEINET, —F
BHIKD Re i3 268~923 TH v B K AE CHREBI LT\
Bo Lichio T B)RTLED Nudk, @)X THHKD
Nu Rz bHEEE GHE) OW, SEERI 31
BERERRE 2R D7, DI QREHVTAH I
ORBEEAGRUEL L, thbDEEZ—ELT
Table 5 wid, Fig. 6 WZego Re S BIE GG
L OB R ESIRER L OWEIK D Re B, AN
X O RBHEEERRIIZERD Re 3 X O A KD Re 2315
KL, ZEZRENEL DL bl-THRTAHI L%

Table 4. Reynolds number of air and water
air fow | ompn | Air Reynolds  water o5 Nater | Reynolds
No. rate heat ex- velocity %104 flow rate cooling X103y number
changer water

(kgt/hr) C) (m/sec) (=) (kgf/hr) (°C) (m/sec) (=)
1 131.0 47.8 11.26 3.56 "1010 11.0 5.48 843
2 131.0 47.6 11.25 3.56 1040 109 5.64 868
3 130.0 47.2 11.15 3.53 1097 11.1 6.00 923
4 130.5 46.9 11.19 3.54 1068 10.8 579 891
5 130.7 47.2 11.21 3.55 1100 109 6.00 923
6 130.0 46.9 11.41 3.52 1050 11.0 5.70 877
7 150.0 474 12.91 4.08 901 11.0 4,89 752
8 149.2 46.5 12.77 4.04 731 10.9 3.97 611
9 150.3 47.3 12.89 4.08 504 10.5 273 420
10 150.1 479 12.90 4.08 310 9.9 1.68 258
11 150.2 47.1 12.87 4,07 1067 10.8 5.79 891
12 165.1 46.8 14,14 4.47 1013 10.8 5.50 846
13 170.4 46.4 14.58 4.61 1011 10.7 5.48 843
14 175.0 45.9 14.95 473 1010 10.6 5.48 843
15 130.0 29.9 10.55 3.34 1085 11.0 5.89 906
16 130.0 38.4 10.87 3.43 1095 11.0 5.94 914
17 131.1 54.7 11,51 3.64 6060 10.8 5.75 885
18 130.6 58.2 11.58 3.66 1091 10.8 5.92 911
19 130.0 62.7 11.68 3.70 1053 10.7 5.71 878
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Table 5. Results of air cooling
' Air Cooling water Overall
o e TR coeffi- 31k o
Film Film |[cient of 40 °c ) /.
No. | Nuss] tcoefﬁcient Nusselt coefficient, heat A 50 q’b &
o ussber of heat m”]:]s}fer of heat |transfer ® 70 >
number| transfer | transfer | (U) Ve 70 _-_‘(S;b —/®
(keal/ (keal/ (kcal/ Y A
(=) | m?hr°C) | (=) | m?hr°C) |m?hr°C) © 75 o
e N T T T = 2q 0O 80 & l
1] 8828 4219 19.14 | 74.63 2688 S & T
2| 8827 42.19 19.60 75.36 2695 O o ///o 752
« o L28 £
3| 87.68| 4191 19.95 | 76.71 203 & & £ 0/ ]
&
4| 8787 42.00 19.77 76.01 269 3 &2 E / e 611
O = -
5| 8807 | 4200 | 1997| 7678 | 2710 = S g 27 /‘
6| 8748 | 4181 | 1966 | 7559 | 26.88 g . < A
® -
7| 9844 | 4705 | 1868| 7182 | 2833 S 2 26 420
8| 97.67 47.68 17.43 67.02 27.47 °
9| 98441 47.05 1540 |  59.21 26.11 25
10| 9844 | 47.05 13.09 50.33 24.11
21 ®258
11| 9825| 4696 19.77 76.01 28.90
12 | 105.90 50.62 19.42 74.67 30.03 E— Amt—t 1
13 | 10855 | 51.88 19.42 7467 | 30.49 3.0 4.0
14| 11080 | 5296 | 19.41| 7463 | 3086 Reynolds4—number of air
15| 83.88 38.67 19.88 76.44 25.58 . . * 10
16 85.63 40.37 19.94 76.67 96.39 Fig. 6. Relationship overall coefficient he.at
transfer and Reynolds number of air.
17 | 8985 | 4371 19.72 75.82 27.62
18| 9025| 44.36 1991 | 7655 | 2801 2. H3ABMOAHIRER
19| 91.04 45.06 19.68 76.67 28.17 Table 6 w ARERIER R X CHIEEEAGS (U) 0%
o, UDEZREHT 5L (2R L 77 A PoBEG
17 IO = 2+ B (N 2 Q)R X D RDBC LR TE

RICELILE (BERA 0 0ZGIRE) & 60°C, 224K
% 130 kgf/hr, BHIK E% 1050 kgf/hr iw Fh Fh g
EL T 6 EREREREN (Table 3 O HREHS 1~6)
Lo B EORE SOV TRE 5, ESREDE
HME R LTRA 1°C, 2% 1 kgt/hr, %
L OBHKEL 50 kgf/hr DFZEERL T3, Zh
zxf L Table 5 wiRd & 5 B iEEBRENT, 26.88~
2710 kcal/m? - hr -°C OFEHNAERH LT\ 5, EHER
7613 0.086 kcal/m2-hr-°C Th % D T4, fofhX% 5%
L5 L5 IR 3 26.71~27.23 keal/m2+ hr - °C & ¢
D, 6EOERBOMEMHELT ST OEEKERRA
Tk D, BOBETHE fThhTwbZ ERRELTY
5, ARBCRWCCHEMORESY XL ED LIS
HAKBOMEE SOICBERLTS L b, BHKD
HA O DWREZEI NI VDO CIRERIEDKHE Y ED 5 &
ED, HHEA~DREEZRLD OBMDOWA R IET 3
TDIEBME Y SLCELETHZ ENELBRS,

Rt (D REAVTRD K, UBOEHOMK,#ELL
THHKOFBEXEA TS LHHKOA DR IUHD
DRMEEIPNE UlIe K ERBENET B RR L
DT, T CRHESHEOEBERIEEL Ui, i, R
BARDEEE Qu ZRADI DR DI,

Qn = (GaCa+ GpCp) {tmi— tmo)

Qn=RAEEB0FEE (kcal/hr)
Go=2ERDEEHE (kgi/hr)
Co=22%.D 8 (keal/kgf +°C)
Gp=74"7 Al DBEERE (kgf/hr)
Cp=# 3 2BD B (kcal/kgf.°C)
tmi =B A EROLHTA DRE (°C)
tmo={RAEOHHET HRE (°C)

Uiz 7 7 AMOBREHIKE L, BEKENS
BAREWHEERTI E Moo ToB, ZBEOLDEH

(5)

ey ey

. DB LR HKEOSY R UBECE L K &

BabinZ ERTERLL,

5.0
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3. BREMTOANER BREY—ELIRT, REGERRRORERITERERL
Table 7 WEFMF, £ OBENERBRS L ORI fen T ABOEE LR TH D, 2w FROREMEC
CRRRH LB - BUEHIEA IO 2 e P JOFE DV B, BEFNO 2 LA BRRATRER S,

Table 6. Results of air-glasspowder mixture cooling

[ f
. Cooling
Air floyw Fowder Cooling Loading Reynolds Mixture temp, water Heat from U
flow water number mixture
No. rate a rate (mi Inlet Outlet| temperature | " . -
rate ow rate mixture) Inlet Outlet | ¥©
(keal/
(kgf/hr) [(kgf/hr) (kgf/hr) (—) (—)x10¢ | (°C) (°C) °C) (°C) | (kcal/hr) | m?hr°C)
|
1 125.0 0.672 3.63 71.3 55.6 11.0 124 790.8 36.08
146.0 84 0.575 4,28 69.8 569 112 127 7159 33.08
159.0 0.527 4,70 70.3 577 111 142 744.8 3412
600
4 125.3 0.958 3.63 70.6 526 109 117 10147 4779
145.5 120 0.825 427 70.3 5837 10.8 115 1027.8 47.81
160.1 0.750 473 70.3 549 108 115 1015.2 46.60
1247 0.674 3.62 69.7 529 11.0 116 8335 39.45
145.0 84 0.579 4.25 68.8 54.1 11.0 115 811.3 38.17
160.0 0.525 473 69.8 55.1 111 118 8718 40.35
1380 .
10 125.2 0.958 3.63 70.2 497 108 11.7 1155.1 .- 56.40
11 145.0 120 0.828 4.25 69.5 50.3 109 118 1186.1 58.00
12 160.0 0.749 4,75 68.9 51.7 10.8 117 1136.2 54,84
Table 7. Results of nonfat powder milk cooling
Instituted value Measured value -
Mixture Reynolds! \;t(:ﬁlmg v:a;gr Nu;sbelt U
No. inlet | Particle| Air flow | number | Loading [Mixture temp. !.Inle?elgultlletj n(l}\]u) er
temper- [flow rate| rate of air rate Inlet Outlet n
ature X104 : (kcal/
¢C) | (kgfjhr)| (kgf/hr) (=) (=) °c) Q) °C) _(C) (=) m?hr®C)
150 4.06 0.387 60.6 52.5 109 115 27.13 18.51
58 160 4,32 0.363 60.3 53.3 10.8 114 28.63 19.14
170 455 0.341 60.4 535 110 115 30.14 20.55
— 60
150 4.06 0.453 60.5 b51.9 11.0 117 50.46 38.65
68 160 4,32 0.425 60.2 518 109 116 51.39 40.33
6 170 4,55 0.400 60.0 51.7 11.0 116 52.47 41,56
7 150 4,06 0.387 69.8 60.9 11.0 117 29.16 19.64
8 58 160 4.32 0.363 70.1 613 109 116 31.30 19.70
9 170 4.55 0.341 70.2 614 108 115 32.06 21.63
— 70
10 150 4,06 0.453 70.3 628 109 117 52.18 42.32
11 68 160 4.32 0.425 700 624 11.0 118 54.51 44,03
12 170 455 0.400 700 613 111 119 55.73 45,58
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hg? (6)
(Nym =AMl X et b (-)
I =B AN DBERIBEEGRIK
(kcal/m2+ hr+°C)
D=%0DNE (m)
In={EEHBO BT OBEHE
(kcal/m + hr - °C)
(6) KD hm ZEHERD B Z LT E RO T Held-
man HAHRRLTCOBEDD kRiz X » T (Nupm ZEH
Lz,

(N, =

e ot

G C 0.73
(Nujn = 017 (Refy (14 -G2C2 )

(Nm =& HEMDO = 1 b (—)
(Re)e=Z2ZDHD V4 7 L AF (—)
Gr=RemAoEEEE (kegf/hr)
Co=RBilaBr .o 2 (kcal/kgf-°C)
Go=R0EERE (kgf/hr)
Co=22%D H#k (kcal/kgf - °C)
MIEEAARTRAARE, BIoMHEEC LT
18.51~45.58 kcal/m?- hr-°C ORI &L L, E&4
BENEL, BILOEMBERENKEVIZ L, SbKrFE—
RAKC O TRIEKEN S G EMINT A &2 H -
Foo MIEEEGRB AN S & CAHIERE 5D 5 IR
AHRESRA—REOS S HALOMREE 2 X ¢
BIENHRIETH S, ZIHILORT IS HENEE
~EfT A EESEMT A beiREL TV, —T,
WA OHEE R I B BTN T OB EI S
BEEN L CThbh s b B iR MET 50k
Exbhb, LL, HALOBBEEA I HHER
TIREES D 0 BRI HHE LB, 1 SHOMEIAH
ERB B O TEM EHOBE L HHHEELED D
DERDB,

(7)

i

IV. BilEAAHNEEO R

RPFFE CIE 1Bk i URIER AL B AR O A
OB RS,

L RGeS HEFRBBC X - TREZhT0°C
DR ERE2 b VAN E A L T hE 35°C
EFTHHTLIDET S, BAKORE R 15°C L35,
BRGSO B AR 3513 2 PR E (52.5°C) w ki 54
B, BT ESE: 1550 kgf/m3, H#k: 0.22 keal/
kgf-°C, B8 : 0.260kcal/m+hr-°C &5, ZK—
BRERMADREGHR 04. & Uiz, Lichi-> CHEESE

(24ER; 3000 kgf (39 Nm¥/min) &L75%, HgL 14K
T 5 EEI R T E CHAROER LR & O BERR
BCHD, MR TOWHLENET BB T
REHEY 6ARBEATLC L, LEdd o T
1 Ko T 333 kegf Ol RAL & 585 500 kgf
wRELDH LD,

2. FHEFIE: AHEONETCH=2Y -AF vV
A AL T A HAFRT B, HAOWH Z2EHE) 12 144
m/sec &75B,

HHELERALMBNC R ZBREBELY g LT
5E&

g = 333 0.22(70—35)=2,564 kcal/hr

L, RERRTRDICHRIEGEERE & L T 49.00 keal/
m2-hre°C #HHT 5, SHTMOFTEERETIIRAN
SRDBLZENTED,
. BEE
TEGRER = perags-nEE (8

WE, BEKERSAE 1ARY Y 22kef/min LT3
EAHERD O KB ADRE X 194°C ERLT
16.94°C L7525, @)ReB 2iREE (EX—WIALEA
PR ESHK L OBREEXE) LU CHEEREE Y RET
B & DEIL 3387°C Linh, Lichio THIE(RBE K
B B)EMbRDBE 1AM LD, L ADEHEDOE
Ei1AYTm i,
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Summary

This study was conducted to determine reasonable
method of powder-milk during pneumatic transpor-
tation. The experimented work concerned with
the influence of air-material loading ratio, temper-
ature and cooling water flow rate on the overall
coefficient of heat transfer at heat exchanger.

The experimental apparatus consisted of trans-
portation tube, heat exchanger with water cooling,
separator, electric heater and fan.

The following results were obtained.

1. The overall coefficient of heat transfer of air
increased with the increasing of air and cooling
water flow rate and air temperature. The overall
coefficient of heat transfer was 26.88 to 27.10 (kcal/
m2hr °C) for air temperature 60°C, air flow rate 130
kgf/hr, and cooling water flow rate 1050 kgf/
hr. The experiment data included 95% confidence
limit.

2. The overall coefficient of heat transfer air-
glass powder mixture increased as increase of
loading ratio and cooling water flow rate.

3. The overall of heat transfer air-nonfat powder
milk mixture increased as increase of loading ratio
and mixture temperature.

4. The author intended to apply the results that
were obtaind in this study to design of cooling
equipment. As cool the nonfat powder milk from
70 to 35°C for the powder milk flow rate 2 ton/hr,
it is necessitate that 5 tubes of 5m length and 4
inch in diameter. The required cooling water flow
rate was 22 kgf/min per a tube as inlet temperature
is 15°C. The temperature of outlet cooling water
rise to 17°C.



