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ABSTRACT

The sodium maintains the liquid phase in wide range of temperature and its heat transfer characteristics are excellent. It can

be used as a coolant for heat transport system such as sodium-cooled fast reactors. However, the operating temperature is high

and it must be isolated to prevent chemical reaction due to its high reactivity. The pressure is one of the key I&C factors to

monitor and control the thermal-fluidic system and so the sensing technology for liquid sodium is very important. For the

pressure sensor for liquid sodium, NaK-filled type pressure transmitter which uses NaK as a pressure transfer material has been

developed and generally used. For the NaK-filled type, effect of temperature is required to be minimized and compensated since

thermal expansion of inner pressure transfer material affects output signal at high temperature. In this study, a novel concept

of diaphragm type pressure transmitter is proposed for compensating temperature effect. A temperature compensated concept for

pressure transmitter is verified by experiments using a set-up which enables temperature and pressure control of a chamber.
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Fig. 1 Conceptual drawing of pressure transmitter
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Fig. 2 Prototype of PT for concept verification
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Fig. 3 Experimental set—-up

Table 1 Test matrix (pressure and temperature conditions)

Temp(O) Press.(kPa)| 25 | 50 | 75 | 100
130 o o o o o
180 o o o o o
230 o o o o o
270 o o o o o
58
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Table 2 Test result of measuring pressure

Test ID PT Measured Pressure (kPa)

(Temp.) | Tag 0 25 50 75 100
Pm | -001 | 21970 | 50.116 | 77221 | 10142
TEST.pr. | Pref | 32767 | 33216 | 32513 | 3.1840 | 3.1390
01 Psen | 44411 | 26474 | 54.508 | 81.549 | 105.75
(130C) [ pr [ 11644 | 23152 | 51257 | 78365 | 10261
Diff" | -1.17 | -1.18 | -1.14 | -1.14 | -1.19
Pm | -001 | 24028 | 51.562 | 76.675 | 99.794
TEST.pL. | Pref | 46904 | 46764 | 45644 | 44920 | 44189
02 | Psen | 74511 | 31362 | 58.652 | 83.726 | 106.77
(I80C) [ p [ 27606 | 26685 | 54088 | 79.234 | 10235
Diff* | 277 | 266 | 253 | -256 | -256
Pm | -001 | 24.125 | 49318 | 75.875 | 100.12
TEST.pr. | Pref | 64493 | 64205 | 63730 | 63154 | 62146
03 | Psen | 11.844 | 35.848 | 60.948 | 87.413 | 11146
@30C) [ p [ 53050 | 20427 | 54575 | 81.098 | 10525
Diff* | -541 | 530 | 526 | -522 | -5.13

Pm | -001 | 25246 | 50.186 | 76260 | 101.11
TEST.pT. | Pref | 84720 | 8.4388 | 83870 | 83239 | 82418
04 | Psen | 15862 | 40.943 | 65802 | 91.808 | 116.54
@OC) [ p | 73004 | 32505 | 57415 | 83484 | 10830
Diff" | -740 | -726 | -723 | -722 | -7.18

P’ =P.sen - P add
"Diff =P’ - P.m
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Table 3 Linearity evaluation result

Pressure (kPa)

(d) 270C

Temp.| . . Pressure condition (kPa)
B Linearity
(0) 0 25 50 75 100
130 |Error (%) | -0.0116 | -0.0117 | -0.0112 | -0.0113 | -0.0117
180 |Error (%) | -0.0278 | -0.0267 | -0.0254 | -0.0257 | -0.0257
230 | Error (%) | -0.0541 | -0.0531 | -0.0526 | -0.0523 | -0.0514
270 | Error (%) | -0.0733 | -0.0719 | -0.0716 | -0.0716 | -0.0712
o 20 40.0 60.0 80.0 100.0 120.0

0.0100
g 0.0200
S ..
£ 00300
£ oo
Q
£
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——lT v - -
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o] Z1Z}o] 2= ZANA JE AL HIF AfE HolFal Table 4 Accuracy evaluation result
uch 2= 24 NS 483 HrF Aol A A4 o] H Temp. | Pressure condition (kPa)
QA= -0,0733%FS(2= 270C) 2 7|2 A ojw] F53) () couracy 0 | 25 | 50 | 75 | 100
2o} A8AE Zhm Qi ehE 130 | Error (%FS) |0.6299 | 0.6338 | 0.6116 | 0.6130 | 0.6385

= WA Y7k EQ AT 2] (5)9] HolE X A& 180 | Error (%FS) | 1.4857 | 1.4250 | 1.3540 | 13725 | 1.3703
3ttt o] o X &% BA sfgo] HLeEH =AZHkPal, S 230 Error (%FS) | 2.8981 | 2.8431 | 2.8184 | 2.8007 | 2.7494
= mzorEA|o] 247 kPa), T18]3l Fi= Full scale range 270 | Error (%FS) |3.9681 | 3.8919 | 3.8760 | 3.8737 | 3.8504

[kPal& <Ju|gitt,

350 T T T T T T

0(%FS):( )>< 100 )

—&—P_m (130°C)
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—o—P_c (230°C)
—A—P_m (270°C)
| —A—P_c (270°C)
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upA g o 2 Fig, 62 2% B fEE A8 4 2Ex Fig. 6 Comparison result with a commercial NaK filled PT
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Fig. 5 Accuracy evaluation results
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