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Throttling Characteristic Analysis for Pipeline
with Large Pressure Drop and Optimal Design of Orifice Plate
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Abstract: The orifice plate throttling pipeline with large pressure drop suffers damages
from high frequency vibration caused by cavitation and low frequency vibration caused
by high flow velocity. Aim at solving the vibration phenomenon of typical throttling
pipeline with large pressure drop in KBA system of nuclear power plant, the key
hydraulic characteristics such as pressure drop, flow velocity, streamline and eddy
current were simulated and analyzed for single-stage orifice plate throttling pipeline
based on CFD method. The negative pressure area was found in the downstream of the
orifice plate, which means cavitation occurred, and eddy current was formed due to the
large local velocity caused by the orifice plate jet. Then, the throttling performance of
multi-stage concentric orifice plate was evaluated by means of blockage pressure drop

method. The cavitation damage was found to be relieved greatly but not eliminated espe-
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cially in the last stage orifice plate. The expanding type five-stage orifice plate was

designed according to pressure drop stage-decreasing principle, with which the possibility

of cavitation was eliminated but large pressure drop resulted in large flow velocity at the

downstream of the first orifice plate. Multi-stage eccentric orifice plate was designed

considering cavitation characteristics and velocity distribution, which can not only elimi-

nate the harm of cavitation, but also reduce the low frequency vibration caused by large

flow velocity furthest. By increasing the spacing of the orifice plates, the throttling

capacity of the upstream plates can be increased and the cavitation margin of the down-

stream plates can be improved. As a result, multi-stage eccentric orifice plate can be

recommended as an optimized design scheme for the vibration control of the orifice plate

pipeline with large pressure drop.
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Fig. 1 Diagram of orifice plate cavitation



810

JRTRERLERR RS2k

TSR I 5] T2 RS e 56 B8 14 Bl S0 O SR ¥R T s
T BB 3 B A vy bl o ELAE SN ) N R 2L
T30 bl A BE L 7 AR PR IR L DT A I A
R ZUIR SO A 5 B R R S ik
(9 SRR T BT AL AR A B o AR
by BEGT AR LU AR PR e L AR
T A RS A H) SO 2 A FL AR 4 B 1 %
U AR A BE ) SR UL AT 5 IR I I i
AR AN 5T+ o T e 22 G FLAR 2 8] R RS 1Y
JR ki I oy S EUE T A LR AR 30 0k O
PIRLNTTBESU PN £ TREBIER 716 e B

2 HEER
2.1 BEGFL iR

AR I AZ ) KBA ki b R
Ui ) SO PR AR Y A B VR N RN S . AR
HAEN 46 mm, fLRFLE N 13 mm, fLARJE
5.5 mm, FLAR AT E K E R 145 mm, FLAR
Je B HE K R 300 mm,

5T ICEM $ % 2L Al Y9 I 48 % 647
SERAL RS R 43 (L 2) L 6 45 38 9 BE T & FL A
R THT 5 A 1Y 30 5 )2 AR R T O R
GI T o BTN O A8 A TR 4 55 38 7 R A%, 0 A% K
ERT PR AEIER X E

B2 L AR Ty I B A D IR A A 7Y
Fig. 2 Structure and grid model
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Fig. 6 Pressure variation curve of pipeline centerline
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Fig. 7 Centerline pressure variation curves of multi-stage orifice plate throttling pipeline
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Table 1 Stage pressure difference and evaluation of cavitation for multi-stage orifice plate throttling pipeline
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Fig. 8 Centerline velocity variation curves of multi-stage orifice plate throttling pipeline
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with orifice plate series
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Centerline pressure and velocity variation curves

of expanding type five-stage orifice plate throttling pipeline
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Table 2 Stage pressure difference and evaluation
of cavitation for expanding type five-stage

orifice plate throttling pipeline
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orifice plate throttling pipeline
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orifice plate throttling pipeline
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