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Study on Deviation and Correction of Multiple Liquid Level Cubage
Measurement in Fuel Tanks of Launch Vehicle
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Abstract ; Fuel tank cubage of launch vehicle is measured mainly based on the flowing method. The
influences of temperature of the test medium, the pressure and the fuel tank expansion were studied
theoretically and experimentally in this paper. The results showed that to control the deviation under
0.05%, the test medium temperature must be controlled or compensated in real-time. Density
change caused by pressure change could be negligible, since there was only a 0. 01% deviation with
pressure change up to 0. 4 MPa. Tank expansion with inner pressure approaching its designed pres-
sure could cause above 0. 1% deviation to liquid level cubage, and the deviation was amounted with
the increment of fuel tank pressure, liquid level height, fuel tank diameter and test medium density,
thus the correction of multiple liquid level cubage was necessary.
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Fig.5 Cubage deviation caused by tank expansion

25 b AR A2 9 HR R Ik B R T 2 R i A
FEMRZERIR IR ZE ML T 0. 1%, HFEHE 44
AT R B R R ) AR AR R A o R Y
BN, HaX IR 28 RARXT T2 FAR A AR 2 R
T EL UL A R T S Bk 2 R AR
2 BB AV FE A, SRS A AR A SO AR
R AR,

2.4 BRNELEREE

SR IS A R 5 i K % R A e 22 5],
WA MBI 71 kg/m® R 4l KR4 B
N ()RS 25 R o TR PR 2% R W & I o PV
PSR (HEBRIE AR & E 42 ), LLEAR 5 m &
20 m FYIVAE A ), 5% 22 B K AT IS #1500 L, i
0. 1% iR 2E B, SCPr -, -5 R AL A v
It LA A LS A e AR IR 55T I A ik
A AR B B PRt 7E S PR A AR I
SE AT R R R v, N YA DG R IR 25 A T
1E, FEFAK(14) , BT [R —IAHA [A] 258 B i
A I TR SRE T R 246 P9 A A1 7 1 28 R
AR B (15) WioT .



543

i 2E,AF. IBECKETICRE WA A BN R 22 5 B IR ST 499

_y ME + (2 = y)pugh D + (5 = 4y)pyD
PN ME + (2 - y)pgghD + (5 - 4y)peD
(15)
IR B 4R R A 1x1077 Pa™t DL 1
B, o 4 % B S e A B AE N, 4 A =X
(16) ffr7s,
4k + (2 = y)pughD + (5 = 4y)pyD
Vy =V,
4E + (2 = y)poghD + (5 = 4y)p,,D
CorporgIn(1 = Coppopgh,)
CoppopgIn(1 = Cyupoagh,)
oV IR AL E B b, X BV A A AR
MRS SR s A B ARFA R A B A B
TH, HBUH poy = 0,pey =0 B, Vy, FRBIES
(N6 I LS A A R FHSC PRk R B
AT WA R BE O m Ak 149 %% 88 RN AR e g s, )
Vy RANBEIEIG 1Y B A0 B AEAS 6] A7 A 52 B fin
i,
3 SR
3.1 RIEigit
REGUE LR BIS T R R T B
5 m 520 m IR T R A BN 508 Rkt
BT R 25 05 ), AR SR B B fioh e ) BE
(B L=2.414 m) ,JHEFH 2~ 18 m Z[H] A
] B, A &1 6 Fr s, 3 S Bl i, A o A G 1Y
g
A (14) TFE AT, AHAB R fih %2 5 22 (8] 4
AR RS (17) 1, IR, B B SO,
5 TR Sl 22 3 A2 A0 O 0 £ RN A A2 9 e
R s M A2, DRI, A HE 53 T 88 S I PR 285
TR I 7 i T B AR Ak, Y AR IR R R A
2 CHF RIAEE , AT
AV =S5h,(1 +r1,) = Sh,(1 +r,) (17)
K, hy by RIE— AR EARSR 2 M
PBEFRE , o Foa M by By AT R JEE 43 SRR 1) 25
RO S 22, AV Ry [A]— & ks B ARSE 2 S
A 1 B 2Z (R K A AR, RV IRA 25 AR
3.2 IRIREER
RIS A SOE 10 41, 43978 10 AR
IR, 10 411050 =2 (R A v B SR A A [,
A INARGEFRTE 4. 992 ~ 4. 994 mm Z [f] 1l 4 ]
PE L 38 R A R T S A A B ORAIE , R

(16)

N

P12

P11
P10

P9

P8

P7

P6

P5

P4

P3

P2

Pl

N

6 REMNIASHTEER
Fig. 6 Sketch of the test points

IR ECINNGE - % /e

K7 ke s A B b AL bR o 6 v R
) P1.P3 . P5 P7.PO P11 Il 5 BT e M . &
1f oA A e T A5 R 5 7 il e 5 R Aok
T 22 0. 064% , FaA— L, HilE 1 A SCHIE 0B 1)
HEWAPE . I 25 R R, BEAE D AR T4 R AL
T JEE A R ] 000 S ) 5 P A 2 AR 45
TEANWTIG R R 2 m sy 2 AL 9 T A6 RH 2T 00 A )
MIZSERLE 16 m 55 BE BRI A 2 R/ 24 80 L, X
FaA R G AR, B 7 a5 R shn) £
Jir BRI A 26 I T A 22 5 3 ELAR AN ] S i i
I J53 %5 FE AN [) 2 52

B R 2
5 4740 =
'Eﬁ 4738 7 /;// . 2?71”?
et L o 2 7 o351}
5 4736 } e -ty
’%\ 4734 s '”,//f'tf/——\\: — . 213“
@ = G
wanf o st
= 77/ s
Z 41308 4 , foz “f }
= 47.28[ z’ 4
47.26 1 L L L L I I 1 |
' 2 4 6 8 10 12 14 16 18
hl/m

7 HRHEREERLE RN
Fig.7 Comparison of the test result and theoretical
result

4 g

1) sl fa b 47 25 B 25 3 0. 05% , 7K IR A
T 23 CHF, I8 25 B i o 3 B AR AR AR
2 C /KR m T 23 CHE IREANT 1 C,
AR a0 S AR I A F A 4l K I R S



500 NS PN

30 %

TESS R A F AR A B e AR i E 2
2) HIAE AL BE LI 40 m N AR R
FK R 1385149 0. 4 MPa, # K 1 S BN KA
JoE ) JRE A R 5 R ) R 22 4T 0. 01% , AH X 85
/N FEA AT L0

3) P 52 PR H g2 2 D A BRI e T L
MR 2ZE AR TR B T 0. 1% iR 22 R, H R
R 1 BE B s T oA A R A o 2
ARSI, AR 45 AT RS T 28 FOIR 2 1 1R 22 L ik
K, IR ZE R R, W r 78 BRAY S 25 21 5 B e
TS RAEA — B AR 17 2 AR i 2 7
AINE LA T IR B HEm b

S 2 3Lk ( References)

[ 1] A5 SRR AR S AR E I E )], %
iBEFRF2E,2006,27(3) :121-125.
Fu Q X. Evaluation of the uncertainty in capacity measure-
ment of rail tankers[J]. China Railway Science, 2006, 27
(3):121-125. (in Chinese)

(2] AURHE, Bk, BB, UL X s hib = 45
AR B BT [ 1] 3D 2003 (5) 1 16-17.
Jie ] X, Lian Y S, Li R J. Disquisition of document metal
container measurement by way of capacity compare[ J]. Me-
trology & Measurement Technology, 2003 (5): 16-17. (in
Chinese)

[ 3] okds WG, o3, 55 1880 K HT 38 A IR & A B 4y
HBGE AR ZBTSEL)] . RS 5),2020(4) : 87-90.
Zhang T ,Man M, Zhang Y, et al. Measurement method and in-
fluencing factors of the volume of the accumulator box [ J].

Chinese Hydraulics & Pneumatics,2020(4) ; 87-90. (in Chi-

(8]

nese )

X, KT, T Ak R SR O T TR A B
WAL )]. HURSWE,2011,39(11) :85-87.

Zhao N, Zhang D X, Feng Y. Working volume measurement
of a high-precision gas micro-flow meter [ J]. Machine Tool &
Hydraulics,2011,39(11) :85-87. (in Chinese)

A, FhAkAR. AR a7 AT ST [ D] BB S
2014(5) :218-220.

Li C, Du Q H. Research on the method of capacity measure-
ment[ J]. Machinery Design & Manufacture, 2014 (5) :218-
220. (in Chinese)

IR PN, TR, AF. — IR T vk Y R
HRWRE RG], FHOHEIA,2010,30(6) :20-25.
LuJ, Sun HT, Tang Y X, et al. A cubage calibration system
based on f lowing method for large scale tanks[ J]. Journal of
Astronautic Metrology and Measurement, 2010,30(6) ; 20-
25. (iin Chinese)

Thig B K BRALZE. AR A BN 22 O RS B AT (]
KETHESE, 2013,39(1) :41-45.

Ma J, Tong F, Chen Z K. Analysis on deviation and measur-
ing precision of tank volume[J]. Journal of Rocket Propul-
sion, 2013,39(1) :41-45. (in Chinese)

Wotss, i, 2R A FET 70 BT Y AT R L
HEBUT R A1), TR TR, 2014, 23(5):
59-63.

Jiang L L, Wang B, Li G A, et al. Volume calculation algo-
rithm of rocket propellant tank based on shell element [ J].
Computer Aided Engineering, 2014, 23(5) :59-63. (in Chi-
nese )

Wt ZE, Ml MBS E Tk iy 4i R BT[],
Tolkit:,2023,33(2) :103-105.

Fan Z K, Tian F. Calculation of coefficient of water compres-
sibility with pipe prover calibration [ J]. Industrial Metrology,
2023, 33(2) :103-105. (in Chinese)

(RE%E. 351



