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Measurement of Liquid Level and Related Items
By

Kenji KURATANI, Masamichi YAMASHITA, Kinji Opa,
Hong Sen Liang and Yoichi SHiMIzU

Abstract: Various types of liquid level sensors have been tested. As
continuous reading sensors a capacitance gauge and a pressure head
gauge were used and as point reading sensors a carbon-resistor, a
small Si-diode and varieties of hot wires made of thin platinum and
tungsten wires were investigated. Other indirect methods to measure
the change of liquid level such as integration of flow meter reading,
pulse count evolved from a turbine flow meter, and integration of flow
rate calculated from the pressure difference at the injector surface
were also examined, because they are sometimes useful as a sup-
plementary method to estimate the liquid level change. The most
reliable sensors which have been used by us are capacitance gauges
and gaschromatographic catharometer’s fillaments made of thin tung-
sten wire. The latter was gold-plated on its surface.

The experimental results obtained from these sensors were compar-
ed quantitatively and the excellent agreement among the results of
different methods such as a capacitance gauge and hot wiress : pres-
sure head, integration of flow rate and pulse count summation etc.
were obtained. A few kinds of methods to perform smooth propellant
utilization control were tried and finally a special logic programmed in
a micro-computer was used to distinguith the true signals in a pile of
complex indications sent from the hot wire arrays of both tanks.

In relation to the measurement of liquid level, a data handling
system using a micro-computer was established. It works well to
monitor and display various items in real time. Temperatures along
the supply lines expressed in deg. Kelvin are the good example to
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monitor in order to operate the engine system and they are indicated
on a color-television, a panel meter and a printer. Another item was
the mass flow rate ratio O/F during the hot runs of thrust chambers
and feed systems and it was displayed on a XY-plotter.
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JUTTHEEELT JERARAAA
TTTHYTT BEREEE i
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B 13 HST 701-2-1 125172 HW & PU &l

IV. BLLICBEEL F-5HA)
1. M2 O/F
B O O—B L L THREDHEIC DL T L RA OHEETEORFICH I L2, &
I ¥ — B > EE (Cox Instrument HEB(KEFAR) O THEFFRH I8 v a g7z
X CPU WA NSNTWAIC@E o7, Larl, SOTLENRIE /A XE2IM2 572012
BRETANIBANTHD, VAR AFIHWHEAOBVWLDOTHH/2DT, v 7 bH
w7 Ay ay X TF/V AR 14) 2B LIz, ZOEHEERIE 20 msec DFFEH T 54
D TC 701-3 UBHE S U T IFRE 2 1h 0 T 5, RN TG SRferat R T
b7: TR > TWn5,
&—Eyﬁiﬁ4x7—ajimv(Iﬁ)~%ﬁi¥ﬁ%
TAVV—=8—F/V (ya3v?) —FtHIZ4
— R RER T3, W, WKOEEREILO/F 2E =535 MNEELL, 7 —
EYHEDA TR L, REIMIITOREL2HS 2012, RE, E%2 MBI,
DTFNIALTT— RS 2080855, BEIEN, BREOHKTH 2 »olEMkL
LT, MEREL THBEBETEERL VEER2HETNETH 52, HERHEIEK <,
VT NE A LRI AR TH S, EHERBFZIZIZEL T»225, EIEICRE
EEARAL, BREOHZERE L (HER 2RATEE2HEE L. ZO0BEENAD
BWRHEGHIIRBREN TS L CEBZET 5, EST01-1, 2 06T
LH. % 20-28K 6%/ p—~&wwnﬂ—Q%%Vamm}

4
LOX 90-110K 6%HE o =—0.005026V>—0.09908V +0.8868 (4)

This document is provided by JAXA.



1983 4 3 A Bk BT Y DRI RMREHGES 367

F/V 4072

50K

2902

DIP sw C 0.1(2 ms)
€1 (20ms)
e

14 F/V Z5#a38

TC-701-3-3 O/F

LL i
0—%

10 2(05ec
15 O/F V7% A4 LER

ZHVS, 22 VIREOHNEOBEBET—5~+5VICZET 2. O/F EH Iz - Ti
BECEFEMEY2ZD% AV, EHEM (degK) KHEWTF I IR TEELZRD TV 253,
ChyHHEERME2ERET27-0THS (V—F=42>T0.1sEBTAD L, HE%7
Tt E XY Fay S ICEL), RvFaUFES O/F E=y ZHHETE 28, BE
DEBRFHEIROCOTAELUTH 2, M 15 2E < BE, WARRD/NS OIHTTIX O/F 3k
ELRELIT I 7MNATELR5DT, WARE1I/sUUFTIRO/F=0%ERT2L5
a5 ALTH S,

2. WEBEFXLKE

WMEIITTERA Y 7 4 AFTEROEE»SKDOND, ZLICY AT LARER, AT7—VRER
TRY AT LDOHEEE, F—C VB, N FaVREHZRELDLNLEZDT, HEEH
DHETROZLENEL S, BHRHBELREEELOEES COEKRTHEAICEL
T 308, ERBERBER TC 701, TC 1001 TIIMEHEEA UV 7 4 R ORERE DS R 72 (8
2T LT, YAT ABBLRITORE BT ITbuahr o7 (Y A7 ARBLEIT
B —CEVRBHOREINTHEIDT, BHBEEFE L OMEBEEKRD 2D IFHETH
%), o Ty AT LHBUETR L2 G THBORREICY » 7 WAL 2R, ¥ —&
K> 7R REBEREOR D AV 2 HOXMEBHES Ll (iRizs»), oy
AIEH, F v P ANVEBEDRBEROBEGERBR TIIY —EVHEBHVERLTVWEDT, 2
NEERICL TENBORERBEHEE T 2H L.

EHERETIE, RO —EVRBH TR L ERRE FBHDECOBEOHRS
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DEY 2 2) QiF, BHRBETOEEAp EEEp £I2LD
Q=C.AV2g-dp-0 (5)

TERUIDT N, > Cd 3HBEEK, ARFEROMERCHS, MERIHEE AL
DAET, EF LR 2oRERCEREREE LTBTE L, LaL, fiEkid LOX
ZTREHEDOR L HVEBSOMERE LA Lo Cd> 1 ORER2RL - ZEZET
BILTWARIEB,LOEZL L, BEEDRDFIIHDA Y 7 4 AFL D ZEHE H OO
EREAFALLANSHENERONL2DT, 20X XKD ECI<1IDEHELKR S,

S OWEEBEEF L D HELRD B0 LI, BHEE, REZEELERHICRD S Z
YICXABEEOEKRT, TOHSRITHEMOELE2EFG CTEESHT 2 Ltk > TH
ETRBRL TV, $LEE e 0EHICY > Ty, ARBERICZ 2 £ BEKHBOIR
HEHREAVEATERL 20T, BRE-EH-EEORIR > THIHRIMUTIERICRD 5
VERH D,

IHSDEEO b L ITF v v A IVEEREES TC 1002-1-1-4 TERIS NI Cd EERE
ORI E LTH 16 Wit REHRIEITS £ TOERBEREER CORED o EETER ORE
KET 2B 5> TWHDT, ZOLIIERLE, 2% % TCHAL HEEOEIR

KA EESFL 11.22 em? IS S FLVER DR E MR L T 20 cm® L{RE L /2.

EEEE 4 Y 7 4 AHETE 3.3 cm? O D ICHIOERK 10.18 cm? ZERA L 7z,
T (CHREFLAXTH S, FHELBIFROEFERC®T 2], K161

Cd(GH:)=0.3356+0.89635 < 10~*x T (Hinj) }
Cd (LOX) =0.3006+0.11531 X 102X T (Oinj)

TEbahs, [{Tid2 2]
3. BEOEREAIRTR

W3 O/F €= OMLE LY — EVHEFHMHIOBED A 2FHRAIL TV /H

o f3%M CPU (TEAC DP-1500) TIXEFEITH L 0A T, BEWHSEHEAMBICEROT
FEES Tz,

OW|EEH (F— R EHT) DEFEENZLL, LrbBMcifEzEL O TH
BEEFOEEINEN, ROEBD/ ST X —F RECIEE KT,

08 —RKY 7D, FAKTOHECERAORERFERMUTE=Y TSI LA
RTH5.

CrhEsER o, BEOF— I UEEAKESRLCHERL, A AERBALT, %
D—RIFHS—F 4 AT VARFERTSETICR->7%, LLLHFCPU (7 72 A
U 1500) K2 oNT T I 74 v 7 F 4 ATV A T—IBIUETEL LD R>7DT,
BETRE2{ER LR TS,
a) /SRILER
S IBEDREY — N w4 3 T EEVEEL 2EY DBEEHRL T/,
TC701-2-1&bh~Afa>vO7rusHI%EFAL

(6)
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V—RwAay—Y TN TS —T T 25 ISEINWVA—H
—5~+5V 0~10V 0~2V 1.999V
7Fu s Hh v ¥ —# SCh1

DRI L > TERIFED AN A—FIZFRR L UMNEIEEBLT204FLRR), <A
2V EKIZO/F TS ADLDTH L5, KED X-158 T/ A VFxp o O/F FHIC
gz o2 LD 7ul I ANEATHS.
b) Lv—T A AL BEBET—IUNIE
17 ORHHTTF — 7B L T 5, BEMEOHENIEBER-5~+5V T, ¥Yvr—7-%
£ aAYDAHIZO~IOV THEZOTY 7 M7y 7 THEEEE S, Clock DL ED 2~ A 2
CHBIT B ETAF - Lo HICl CH 2RV 2 P&, ANNER—VIT 2@ EY
S Fek— RICHT. (ADEHBROM, AR —EIT27»). K ADfEastsh
2 (FrERR 2 msec). AD 23T 3 5% & DATAVALID 8%~ 4 3 VBRI, X%
VIR T 5. R~V F AL 2D F v ANES R+ L, EEEFELZ 16CH 2T
RIELUT#, D Clock EE%&D, Y+ —7 9423 iF8EY FTHHOTIEY b
AD D, 114 IO 2EF -5 2ANT 2, TYVINT—Fi3AEYICLOW-
HIGH OJECIEa 225, HIGHIZ2EY FOAFERENTVLRZBERVLS, ZD
MSB % X=0s ® X-MARK 3B ICERAT 5.

LERERC X DBET— 5 DIk, BT, RoRICH > TR

0 TP-1001-1 X D # 7 —F 4 A7V ¢ 28A. 2REGHE% 10 R 50 THBIEL
TWwa, FHKRTHER, TV EHEZORERCE > Thr o KBICHT.

O ES702-1 XD F¥ 10s, £F 1 s TET. TH-EABOBTEMEIER.

0 GG1001-1, GG-703-2 TIIITRHEM 6> L RI8IZRT & 5 WRIBZBEN &-HRAME
MUNTRET ZEHNES L LR >0 T, ERR CRITRKMEER S T2 HACE L.
HEBMOBEGELLY y— T A AV TRT7 YT IEERVTWADT, 7077 A
BEEREEROAEHOTE->TH 3.

0 TP1002-1 £ » PARDTF—% %27 4 A7 &L, FBICEDIBITTESL5CL
7z, o T TV AOELE, "—FIaC—DERBBER Lo, 7ur 7 A b A ERHBH
EEA O Aitken 21O gk o 72, RERIRNTER & L TidlagrangeRBE L TH % 25, [
REFREEICHAT2 L EST02-107 7 BETRONS XS KEKT S, ZhicxL
Aitken D HHETIREA—RNEAV 2L, REL & 5 £ T 3 EICR biTVWEREL L S RKEE
OEBEEL TR, DCRLEFTHER2ITYINS O THEEL 2,

CHETIRBED T — & LEik CPU k—E3 N T w348, EERO 7 — 5 #ETid Aitken
BEEPAWTWS,

H19 3 FPABOBET - 27 VEEEICATI—T A AT VATE—0, xEVILE
Z, BB THEN—Fa¥—LTHALL1HITH 3,

HBBEF— SNBSS T, BCRFED<A 2 VBUAA Y - TREMOEK 2
N EB-BICEHT 3.
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1*R=0471Al(Tw— To) (7)

TEHEZ2oN2BETw $Thy b 74 YEESIIE SN S, 2 > To (ZEABEERE, 2 38
CEEGRETCZFOERR2CRLTHLEIICHEBTRAEI VB LI Z IHIRE L,
S HEH R L IEEFEE a 2V THABERE Ty OROEIE R, 2 BHEIC LD

R=Ro[1+a(Tw— Tb)] (8)
r&axnzbde, ()RR
Tw— To=1i*Ro/ [0.47Al — i*Roa] (9)

Y, BREEEE A BKEOBIEDOHH To B/HN& L, o> TEPLR /& kD,
COBERFIALT, LEZREBSLVREAKET 2JEXRUCEE T, Ty, BHOZE(L
ZFAL CREIEZEE LSS,

HOEBELZEVELAZBAECE(T)RAD I KEEEEZBALE L VY, #i#E% 1 mm
BEOIANCEIZEVWNAZ7aR NI 774 7 XAV MNERWMLTIE, 2D %2H#
ETDBLBERD 5,

FITThrz v v BFEFRBRIIBWTGC 747X NI YT AT V) THRIE R
HT 2AROHE L HHTL T, FEWETOS > 7 B FHEIN TV LRETORMAES, FEHS
BtE & N HW ¥ HIc& U TRE L 72K, 8 & UBRRRRIC HW o8 E L D [ 721
BEICOWTEN A 0.3mA DEBERTILFA—FIZIVHAEL, BEEELRyY M7
4 ¥ OEPUE (KER TCEHENRLEHTE 280) OBEFEEKD S &I, vy M7 A
YHORE 2B T AHETOTY v VEFEEEEL2HEL 2.

—FSERBTHOWLZLREIU 7Y v VR RE-EBEZ2T, vy b 74 iz z TE
A LD, BEFBRICB TS A UCHFFHEE2HRT 2 ICLELREIEL KD 2,

(HRXREIVETR [ 2RKDB 1, MDD ET Ry b7 A YEIE>»S, Ky b 74
YEEOERE Te M2 LB 8H 5, HRULEOY 727 v OBREREIX

a=0.0045 (20°C H:¥g)
EENTL 20 o HEIR RV, BRAOBERITHTH S, o> THERRTAEL Tk

£2 AEEERH 2 (mwatt/cn - K) Off

® 17N = *® SR GEER, 1 Atm)
K % (9) 1.0 (20K, 1Atm) 0.17 (20K, 1Atm) 1.8
B # (9) 1.515 (90 K, 1Atm) 0.0854 (90K, 1Atm) 0.26
= E 1.3 (77K, 1Atm) 0.075 (77K, 1Atm) 0.25
NI Y Lk 0.26 (20K, 1Atm) 1.5

* ] E.Jensen, R.B.Stewart, “Selected Cryogenic Data Notebook”, Brookheven

Nat. Lab., (1966).
** | andolt—Bornstein, “Zahlenwerte u. Funktionen”, 6 Aufl., IV—4-b-teil P. 581.
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2L TKRDODTERY b7 A VYOBBERORE T 3R3IDELD 2HFEHOMITRL 2.
INEAVTESR [ 2RKDDICH-> T, BEED/NSVBEFRIBEZELREVDT, K

ABHRTOWEEDOA» 2L L TawT 2T T 5.
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WTHIIE 3 OWRPTORERZ, BIZRy b7 A YORE To xRET 55BN TE5,”
BonfERIIE3DORAMIRIN TV 2 EEEIC R DR L, ERR [ OHEED,
FIERYR LD LERTES, Tz, FEOHEECHZE, &y bUA YERRO
EBEORMFCEDET, 7V v VRFEHELE2HS5» LOHETE, ABZOMLED
TEGHRBDERS,

&8 2.

— i 1IRRA £ 7213 2 RESGE BB/ N FE 2R T 254G, TIREBAVTEHEZ N
BEMNEL, HEALYOBETECHETINEICE, COHELIENIRTLRY, L
L, ZOHEREFCE> TRIBE0IGETE, BEMCLTRERS, ZOH#AR
BERSEREACERRS N, SBORENH 5238, AL TEHFE S 25 Forsythe D%
BHREHAVWS, —ROKF IR ELE 2L, FXHMOAFLECDT, Fox D5[AEL

T\ % Forsythe DEHEAEHEKT 5 &, Hl21X2RATIX

¢o:1/2
¢1:I _61’1/2
po=QRx—a: ) x—a/2)—5/2

ERHWT
y=bopot bidr+ b2ps

EBL, INSORICKRONLERBIEIAKEEN L LT
a1 =22x/N

@:=22x$7/ 2pt
81:42¢12/N

bi=2 ¢yl 2 ¢

THE 2z 5h 3%, [L. Fox, D. F. Mayers, “Computing Method for Scientists and Engineers”
(1968), P.116~118, ]

* PEOHETREREOMCEEREERVTWS, ¥ Y7 RT YRy P74 ViERIRREAL
HRICERBRINTEY, Yy 7ERERZL, REEBFHICEL THi b Bbhiznl
Y, WiB LD REETOBAIGIE» > TBREMLS Z0 L S AREE 2T > 2.
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