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Transport of a capsule immersed in the pipe Part I
Theoretical equation and construction of experimental loop
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ABSTRACT

The Hydraulic Transfer System(HTS) is a facility for producing various radioisotopes, and it enables us to transfer materials

irradiated into the reactor core remotely. The irradiation capsules or targets, which are the aluminium capsules for sealing

materials irradiated, pass through the pipe by hydraulic force due to pump operation. When the irradiation capsules are

transferred, the moving speed of those should be controlled intendedly to maintain the structural integrity themselves and not

to exceed the limit of the insertion rate. Thus, the main design parameter is concluded by the flow rate and the drag force

resulting from the water gap between the capsule and the pipe wall. In the part I of this paper, the moving speed of the capsule

is predicted based on the theoretical background, and the experimental loop design is presented. In the part II, the experimental

results are compared with the theoretical results. Finally, the design parameters for the HTS will be determined.
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Fig. 6 Terminal speed of a irradiation capsule in free
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Table 1 Flowmeter specification
SR FEAZYE KTM-800
Type Electromagnetic flowmeter
o 0.086 m¥/h
Minimum
0.03 m/s
0.289 m’/h
Measuring flow range Normal
01 m/s
28.938 m'/h
Maximum
10 m/s
+ 05 % FS (0.3 m/s ~ 10 m/s)
Accuracy
+ 1.0 % FS (0.01 m/s ~ 0.3 my/s)
Frequency 50~60 Hz
Analog : DC 4-20 mA
Output

Pulse : DC 8~30 V
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Table 2 Differential pressure transmitter specification

Honeywell STD 125
Pressure range 0.015~1.5 bar
Accuracy + 0.0375 % FS
Output DC 4~30 mA

Table 3 Pressure transmitter specification

KONIC TPS20 Series

07343 bar
07343 bar

gage press.

Pressure range
absolute press.

Response time below 100 ms

linearity + 03 % FS (-10~50 C)
Accuracy - P

hysteresis + 03 % FS (-10~50 C)
Output DC 420 mA

Leae

1D 38.7 mm
ID 38.7 mm
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Fig. 10 Flow diagram of the mock—up loop
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Table 5 Pressure Drop and Head Loss in Fittings & Valves

Pressure Head

Component Number Drop Loss
(bar) (m)

Elbow 8 0.106 1.0856

3-Way Valve 2 0.003 0.0307

Check Valve 1 0.007 0.0717

Strainer 1 0.006 0.0614

Tee 3 0.008 0.0819

Reducer 3 0.113 1.1573

Table 6 Head Loss Varying with Capsule’s Speed and
Weight

Head Loss (m)

weight Capsule Speed

(@ | 025]050 | 075 | 1.00 | 125 | 1.50 | 1.75 | 2.00

100 | 0.426 | 0.426 | 0.426 | 0.427 | 0.427 | 0.427 | 0.428 | 0.428

200 | 0.846 | 0.846 | 0.847 | 0.847 | 0.847 | 0.848 | 0.848 | 0.848

300 | 1.267 | 1.267 | 1.268 | 1.268 | 1.268 | 1.268 | 1.269 | 1.269

400 | 1.684 | 1.684 | 1.685 | 1.685 | 1.685 | 1.686 | 1.686 | 1.686

500 |2.108 | 2.108 | 2.109 | 2.109 | 2.109 | 2.110 | 2.110 | 2.110

Table 7 Total pressure drop and head loss with water

temperature when loading an irradiation capsule

Flow
(L/s)

Temp. || Water
Speed | 0.5 1.0 1.5 2.0 2.5 3.0
(ns)

0.377 | 0.755 | 1.132 | 1.151 | 1.887 | 2.264

Press.
Drop | 0.610 | 2.265 | 4.935 | 8.612 | 13.287 | 18.957
(bar)
Head
Loss | 6.220 | 23.101 | 50.337 | 87.840 | 135.53 | 193.36
(m)
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i
Fig. 11 Pipe Size and Material
Table 4 Pressure Drop and Head Loss in pipes
.plpe Strfnght stnt Pressure Head
inner Pipe Pipe Dro Loss
diameter Length Length (bar]; (m)
(mm) (m) (m)
36.7 21.0 0.0 0.0383 0.3922
31 8.9 417 0.0483 0.4947
13.84 44 2.95 1.8552 19.0

Press.
Drop | 0.590 | 2.213 | 4.844 | 8476 | 13.099 | 18.716
(bar)
Head
Loss | 6.032 | 22.606 | 49.481 | 86.581 | 133.807 | 191.192
(m)

Press.
Drop | 0.575 | 2.172 | 4770 | 8363 | 12.948 | 18.540
(bar)
Head
Loss | 5.892 | 22.241 | 48.856 | 85.649 | 132.608 | 189.872
(m)
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Table 8 Total pressure drop and head loss with water

temperature when unloading an irradiation capsule

Flow

) . 1.132 | 1151 | 1. 2.2
(Ls) 0.377 | 0.755 3 5 887 64

Temp. | Water
Speed | 0.5 1.0 1.5 2.0 2.5 3.0
(m/s)

Press.
Drop | 0.615 | 2.281 | 4967 | 8.670 | 13.372 | 19.074
(bar)

10¢C
Head
Loss | 6.275 |23.268 | 50.661 | 88.438 | 136.396 | 194.551

(m)

Press.
Drop | 0.595 | 2.228 | 4.873 | 8.520 | 13.178 | 18.824
(bar)

3

20

Head
Loss | 6.081 |22.758 | 49.775 | 87.132 | 134.612 | 192.292

(m)

Press.
Drop | 0.580 | 2.185 | 4.801 | 8413 | 13.022 | 18.641

R bar
30 C (bar)

Head
Loss | 5.937 |22.380 | 49.172 | 86.164 | 133.363 | 190.907
(m)

120

100

Head Loss (m)

Flow (L/s)

Fig. 12 Total head loss with water temperature when
loading an irradiation capsule

S=ERMDIHSE =28 24z, M3, 2021

LS 22 018 HS Part | GISAR M3 21 7Y

Head Loss (m)

Flow (L/s)

Fig. 13 Total head loss with water temperature when
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