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Abstract: To improve the measurement accuracy of the DN600 turbine flowmeter for tests of the
high-thrust rocket engine in the liquid oxygen, the turbine blades are optimized using the fluid
simulation method combined with a 6DOF model. Firstly, a high-fidelity fluid simulation model is
constructed based on the meter factor of the flowmeter in the water. Then, thermal-solid
coupling simulation is used to create the equivalent model of cold shrinkage of the flowmeter in
low temperature liquid oxygen, and the constructed fluid simulation model is used to obtain the
equivalent relationship of the meter factor of the flowmeter in the water and oxygen liquid.
Finally, orthogonal experiments are carried out to optimize the incoming flow angle of the pitch
diameter, axial width, and coincidence of turbine blades based on the quantified equivalent
relationship. The optimization objective is to minimize the linearity error of the meter factor.
Results show that the meter factors of the flowmeter in water and liquid-oxygen are positively

correlated; the optimized incoming flow angle, axial width, and coincidence are 55°, 55 mm, and
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1 respectively; compared with the original turbine flowmeter, the linearity error of the meter

factor for the optimized flowmeter is reduced by 0.104 5%, which significantly improves the

measurement accuracy of the flowmeter.

Keywords: turbine flowmeter; optimization design; 6DOF; thermal-solid coupling; linearity
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Table 1 The blade parameters of DN600 turbine flowmeter
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Fig. 2 The three-dimensional model of turbine blades
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Fig. 3 The top view of turbine blades

() 4R 1 £
3

0, = 0, = 360k/n 4

5 I B T B AT ML S S R L iR g

Lo rh e R 12 2 L SO L AT = B AR

A3 S 1 LU DXL A XA T U X T

AU B T R R T A A Q] 4 fif s . DN600 i

WA « 7 1 B S EE R 811, 6 mm, TR
%k 588. 0 mm,

. xjtu. edu. cn



NS A R T VR R S B B P I e 4 4 A B v

AR LHXE  BEXE WO TR

LA % It T i Jey 3 4 A TR
Fig. 4 The local pipeline model of the turbine flowmeter
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Fig. 5 The mesh independence validation

http: // zkxb. xjtu. edu. cn

AP 5 Al TR 7 AR KR 386 i 3%
ETFL SRR BGE R 250 T RS, O E TR
SE 5 FLAS W7 38 0 190 s 50kt 1 5 B 285 SR e A S o M 1Y
S L AT AR 2 R BGA B 250 JT LR L SRS
WA JC G . PR ZE KA 45 1 3592k FH 250 74K
o A DO AR J 43 S A5 R R G g 1T IR IX SR
HHE T R DX 3R FH I T A R 0 A T A TR
o 35 mm; I 48 X B R D T4 B 5T 9 T A L T
B K/NH 5 mm 1 S5 5 T 4R 00 BE TR A D T A
JCH T ROA% » R RS K/ g 7 mm, 3R AR
RIS BRI 6 FTR .

&6 i e I T A U A S B ST
Fig. 6 The fluid-field finite element model of the turbine

flowmeter
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Fig. 7 The velocity triangle of blades in inlet and outlet
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Table 2 The experimental measurement data of the turbine

flowmeter
. i/ eI 103 R EL
B L RN/ %
1 3 599 0.104 8 0.12
2 3208 0.104 7 0.11
3 2901 0.104 9 0. 10
4 2 507 0.105 6 0.07
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Fig. 8 The experimental measurement platform of the

turbine flowmeter
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Table 4 The comparison of simulation and experiment

results of the turbine flowmeter

Wit/ BRI IES RV ES UFRH
(m* «h)  RH/L! AH/L! W%/
3599 0.104 8 0.105 6 0.763
3 208 0.104 7 0.105 6 0. 859
2 901 0.104 9 0.105 6 0.667
2 507 0.105 6 0.105 7 0. 095
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Table 5 The corrected pre-load moment under different flow

mass
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3208 10 0.104 7 0
2901 7.5 0.104 9 0
2 507 0.5 0.105 6 0

2 KA o AR R AR R T

FE 2B L s VAR K R B LAY LS TARE IR
FEME LIRS HL R WA A7 3 0 DA R A5 0 56 I it
TR R BN A B . B AR SO S B A L
T ARATH IR 8 U T AR KA BRI AT AR R
SRR ZR SN R SR A TR IO e O T I R
AL . WA YIPES BN R 6 iR,




80 7

P
st
E

556 B

K6 REAMM LK
Table 6 The physical parameters of the liquid oxygen
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Fig. 9 The finite element model and boundary conditions of

the turbine flowmeter
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Fig. 12 The meter coefficient in water and liquid oxygen
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Table 7 The factor and level table of turbine blade parame-

ters
KFE KW /(D) MR YE A/mm  HEE k
1 45 45 0.9
2 50 55 1.0
3 55 65 1.1
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Table 8 The orthogonal experimental table of the turbine

{lowmeter
R 5 as/ () h/mm k
1 45 45 0.9
2 45 55 1.0
3 45 65 1.1
4 50 45 1.0
5 50 55 1.1
6 50 65 0.9
7 55 45 1.1
8 55 55 0.9
9 55 65 1.0
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Table 9 The orthogonal experimental results of the turbine

5= X 100% 27

{lowmeter
RS a /(") h/mm k w®E/ N
1 45 45 0.9 0.541 1
2 45 55 1.0 0. 300 7
3 45 65 1.1 0.461 3
4 50 45 1.0 0.436 9
5 50 55 1.1 0.486 3
6 50 65 0.9 0.421 9
7 55 45 1.1 0.350 0
8 55 55 0.9 0.363 0
9 55 65 1.0 0.515 2
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Table 10 The average linearity error of the turbine
flowmeter
7K as /() h/mm k
1 0.434 3 0.442 7 0.442 1
2 0.448 4 0.383 4 0.417 6
3 0.409 5 0.466 2 0.432 6
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Fig. 13 The comparison of the initial and optimized meter
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Fig. 14 The velocity distribution of the turbine
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