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Design and optimization for high temperature molten salts flow meter calibration platform
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Abstract Background: High temperature flow meter has been widely applied in the molten salt reactor, solar
power generation, high temperature hydrogen production, etc. With the limitation of the material characteristics, the
flow meter can only be used in a temperature below 535°C. To be applied in high temperature more than 650 °C
environment, the ultrasonic waveguide plate had been modified to raise the temperature resistance. However, there is
no standard flow meter or calibration equipment for flow calibration. Purpose: This study aims to design a stable and
controllable molten salt flow platform for flow calibration with temperature less than 800 °C, pipe diameter about
50 mm, measuring range 1-5 m-s ', and calibration error less than 5%. Methods: Argon gas was used to control the
velocity of the molten salt in the pipe connecting two tanks. The proportion-integration-differentiation (PID)
closed-loop control system was employed to control the gas mass flow rate to achieve stable differential pressure and
get more than 40-s calibration time. MATLAB simulation was conducted to get the optimization parameters and
determine the control scheme of the calibration platform. Some factors affecting the stability of the flow rate are

analyzed. Results: The optimized scheme, by setting an initial liquid level difference, has been proven to be capable
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of reducing the total consumption of molten salt (< 0.1 m®) and driving gas, and reducing the requirements of the

1

mass flow meter. After calculation, it can get 40-s stable molten salt flow, reached velocity of 4 m's , and with a

theoretical calibration error about 1.2%. Conclusions: The physical model of a high temperature molten salt flow

meter calibration platform based on gas pressure control deduces a specific expression of the system flow rate.

Optimized parameters provide reference for flow meter components selection.

Key words Ultrasonic flowmeter, Flow calibration platform, MATLAB physical simulation, Molten salt loop
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Table 1  Existing high temperature flow calibration loop

parameters.
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Fig.1 Simplified physical models for the calibration platform.
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Fig.2 Pressure control model for tank 1.
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Table 2 System parameters of the original scheme.
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Air pressure
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Fig.5 Simulation results of the original proposal.
(a) Gas flow rate, (b) Gas pressure, (c) Liquid salt velocity in pipe, (d) Differential pressure
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Table 3 System parameters of the optimal scheme.
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Fig.6 Simulation results of the optimal proposal.
(a) Gas flow rate, (b) Gas pressure, (c) Liquid salt velocity in pipe, (d) Differential pressure
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Table 4 Error analysis for different system parameters (%6).
53 HF[A] T I S A )R 2 SR 1145 Pa, AR 1145 Pa,
Resolution time No measurement and control errors {7 iHi% %42 mm WAL TR ZE+2 mm,
/ ms Gas pressure gauge +5 Pa, JoR B A% ) 243 Lomin !

level gauge error £2 mm

Gas pressure gauge +5 Pa,

level gauge error +2 mm,

mass flow controller 3 L-min'

1 0.89 1.03
10 1.00 1.22
100 1.13 1.40

1.41
1.54
1.98
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Table 5 Performance parameters of instrument and control instruments.
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Measuring element Manufacturers specifications Range Precision
A USA AccuSense Model ASM 0-10kPa 0.05

Gas pressure gauge

LA ChinaSimba ANL-8431 0-2 000 mm 0.1
Radar level gauge

AU TR AR AR ) USA ALICAT SZ020-LK-T-L-C1 0-300 L-min”" 1

Gas mass flow controller

P Tt I F PR ES hr ¥
Controlling element Manufacturers specifications Sampling frequency Bits

HLR HdE R R NI PXI-6259 0-1 MHz 16
Voltage data acquisition card (32A1, 4A0, 32DIO)

HARIR R R AR NI PXle-4353 (32 # L fH) 0-90 Hz 24
Thermocouple temperature capture card NI PXIe-4353 (32 thermocouple)

RSO R &R NI PXI-6238 0-500 kHz 16

Current data acquisition card (8Ai, 2A0, 10DIO)
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