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Influence of Velocity on Pressure Drop of Flowing Ice Slurry
in Elbow and its continued Inclined Tube
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ABSTRACT: This study experimented to understand the effects of transporting ice slurry
through elbow and inclined tube. And at this experiment it used propylene glycol-water so-
lution and a diameter of about 2mm ice particle. The experiments were carried out under
various conditions, with velocity of water solution at the entry ranging from 1.0 to 35m/s
and elbows and inclined tubes of 4 kinds angle with 30°, 45°, 90° and 180°. The pressure drop
between the tube entry and exit were measured.

According to angle of bending, the highest pressure drop was measured at 30° elbow and
the lowest pressure drop was measured at 90° elbow, and there are only a little differences of
pressure drop between 45° elbow and 180° elbow. According to angle of inclined tube, the
highest pressure drop was measured at 90° inclined tube and the pressure drop at 45°, 30°,
180° inclined tubes were lower successively. The lowest pressure drop in elbows and inclined
tubes was measured at velocity of 2.0~2.5m/s and concentration of 10 wt%.
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Fig. 1 Schematic diagram of experimental ap-
paratus.
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Fig. 2 Variation of pressure drop at 30° elbow.
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Fig. 3 Variation of pressure drop at 30° inclined tube.
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Variation of pressure drop at 45° elbow.
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Fig. 5 Variation of pressure drop at 45° inclined tube.



Tu3 A&Y AR Wl FEHE ol & gFeMdl NAE f59 97 639

1.0~20m/s9 MAAME f&o) F71E4E ¢
#@galo) HAasltizt 20~25m/s Aol E &
W37t glen, 25~35m/sel oA 4PE
Aol tiAl Zrstz il

Fig. 5% 45° ZAAl#dA e A2, ¥ (a)d
M 4T IPFS #<49 ¥sgd o gty
& UYEech. 29eA 35m/sE AYstae
FAdRE AE IPFA wEAe geg&dd 2
H3l7h YetA] go, f4d e gyEEde
10m/sg w7b 7b¢ =23, 20~25m/sd @7t
744 HA vedd, 28 bdME 4T IPFE
10%2 39e o) mE wistz 10~20
m/s?] HHAME f&o] FHAETE FFHEH
a8k gh 20~25m/s9 WY E 1 W3
7} 29A 2A] 21 25~35m/s2] HeldlAe
F&ol F7HER dHEA L A Foksta
I olfE 300 A$ek e Aoz Azbdrh

olgl Az uFof B 45° F@I HAMR
A Fgde BE 10wtk ololasE ¢

3000

® 10ms
O 15mis
Q A 20mvs
® o000 o 25ms
- 2000 L] -. - A 30m/s
o anm I.I -n a 35m's
R A AA A A A
doo 8“6&‘0,3 go og o
% 0083 00 0O ®, u
W04 Aaa aa 4 o064 84 aa
0

0 10 2‘0 3‘0 40
IPF,, [%]

(a) Following IPF

+2 gt 20~25m/s A=} HFHREYe ¢
F Atk

3.3 90° [ FAH(FEA)

Fig.6< 90° F@oAe] A=, ¥ (a)dlA
£ 479 IPFe} 49 W ug ¢EEd s
e 28944 30m/s$ 35m/sE A9 st
i1 F9549 AS$ IPFd gatdEs ¢Eda&d
of E WHgrt JeElyA gond, f&4 o0& ¢
F&Ae 10m/sd w7t 7B 23, 20m/sYe o
7t 744 AA Jdedd. 28 b)dME 9F IPF
2 10%2 39 Fr&o We Wiz 1.0~
20m/s9el HHdAE o] F/ME4LE gE
Aol A3ttt 20~35m/se BYAME 5
o uhegt tg&Ado] thAl Frbg)

Fig. 7€ 90° ZAAt#oiA e A2, 3¢ (a)el
Mz T IPFS §49 dste 9 sl
€ Yetuidth ™94 10m/sE AYstie

I

3000

IPF,

m = 10%

2000 |

AP [Pa]

1000

1.0 15 20 25 3.0 35
V,, [Im/s]

(b) Following IPF and velocity

Fig. 6 Variation of pressure drop at 90° elbow.
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Fig. 8 Variation of pressure drop at 180° elbow.
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A

m/sg W7t 7H8 HA JEldd 28 el E
4T IPFE 10%E 39 &) g W3
2, 10~15m/s9 WM E S59 o ¢y
1 29153 A 15~35m/s9 HHNA
met A& o2 Frsta ok o)e
oA Axole e Aoy AR
o 5o wEFE Pl U4
e Ao AzZd,
nFo] BY 180° Z#FH AAR
9] F& 10wt%Q) olol2& e E F
#ARNA 25~30m/s BEY u}
#& 5 FHUAAME 15m/s2
o] XYL & F Uth

i1
[*3

r{m:1°
— T od I
2 oo oM B>

e 8ol b
o

o N

ol

7

o mx
LR )

i
fu

i

2
>
4

do fu ofr
Fo
it
o
by o

2
o

N
Iy

¥

rir o
pos o

FRA EEE 0~40Wt%, T5E 10~35
m/s, ¥8 IPFE& 10%Z 39S o Z4F 385,
AARo| Ao gt stel Wt thed e 2
e 3L & At

1) 2RAYRANE FYLEo) wa} 300 =
BRI A =L FPHEAL Yehym, 90°
F&‘vﬂ—?ﬂ’ﬁ 74 dglon 45° 180° A EAMHE=
a2 o7t git,

(2) AABAYRANM AAZ T utet 90° A
Arzol M rEEAe] A om 45°, 30°, 180°
o] £o02 YP&EMo] Yolxn AT

(3) 30° FH AARANME 25m/s, 45° FB
3 AARANE 20~25m/s, 90° THI FALR
AN E 20m/slAH 7 e &S vehy
Aou, 180°%) A= TN 25~30m/s,
AARM 15m/sYd W M e qHENS
Yeg et

(4) AAH o2 FARGAN Y HH{HLEL 20~
25m/s, AAHEAIM Y HAH KL 20m/s8 Ao
2 gretgn

228

1]

‘l~.,=Eark, S.S. and Peck, J. H., 2000, Ice making
o .t}}érrqal .storage, energy saving and environ-
g, vmigrvlt; Journal of Korean Society Mechanical
Engineering, Vol. 40, No. 4, pp. 40-44.

TS0

#3% d5d BAE BelAH fEde otol2ge Y FEdd nAE 59 9% 641

2. Yanagihara, R., 1998, Evaluation of ice stor-
age systems, Japan Association of Refrig-
eration, Vol. 73, No. 844, pp. 58-63.

3. Park, K. W., 1998, Current status of research
and new development on ice heat storage
system technology, Magazine of Korean Re-
frigeration and Air Conditioning Technical
Association, Vol. 15, No. 4, pp. 119-131.

4, Knodel, B.D. and France, D. M., 1988, Ice-
water slurry flow in a circular pipe, Heat
and Mass Transaction, Vol. 15, pp. 239-245.

5. Kim, K. M., Park, K. W., Jung, J.C. and Roh,
G.S., 2003, Flowing characteristics of ice-
slurry in elbows with various angle, Proc.
SAREK 2003 Summer Annual Conference,
pp. 1285-1290. v

6. Kim, K. M. and Park, K. W.,, 2003, Flowing
characteristics of ice-slurry in inclined tube,
Proc. SAREK 2003 Winter Annual Confer-
ence, pp. 507-512.

7. Kim, K.M, Park, K. W. and Kwon, L W,,
2004, Effect on ice slurry flowing in the
elbow of various angle, Korean Journal of
Air-Conditioning and Refrigeration Engineer-
ing, Vol. 16, No. 2, pp. 142-149.

8. Kitahara, T. and Shirakashi, M., 1993, Hy-
draulic conveying of snow and ice~develop-
ment of a snow-fraction meter-, Setpyo,
Vol. 55, No. 4, pp. 307-315.

9. Park, K. W, Miura, H, Horibe, A. and Inaba,
H., 2000, Quantity of ice slurry in cooled
tube by continuous ice making using or-
ganic water solution, Energy Engineering
Journal, Vol. 9, No. 3, pp. 221-227.

10. Takahashi, H., Masuyama, T. and Kawashi~
ma, T. 1992, Experimental study on flow
characteristics of ice-water slurries in a
horizontal pipe, Jap. J. Res. Mat.,, Vol. 108,
No. 5, pp. 357-363.

11. Knodel, B.D., France, D. M. and Choi, U. S,
2000, Heat transfer and pressure drop in
ice-water slurries, Applied Thermal Engi~
neering, Vol. 20, pp. 671-685,



