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Computer storage requirements can be reduced if areas of comn~nal­

ity exist in two or more programs placed in the same computer and 

identical code c~n be used by more than one program. The pressure­

'101 ume-temperature (P-V-T) relationship for the propellant tank 

pressurant agent is utilized as the basis for either a primary or 

a backup propellant gaging program for the auxiliary power unit 

(APU), the reaction control system (RCS), and the orbital maneu­

vering system (OMS). An investigation of these three propellant 

gaging progr:1m5 has revealed that a very limited degree of soft­

ware cOlTlnonality exists among them. An examination of this comnon 

sofbJare indicated that only the computation of the helium compres­

sibility factor in an external function subprogram accessible to 

both the RCS and·OHS propellant gaging programs appears to offer 

a savings in computer storage requirements. 

2.0 INTRODUCTION 

For the sake of completeness, the APU P-V-T propellant quantity 

gaging was reviewed for any conuoonality with the ReS and OMS gaging 

equations. The APU system design is entirely different from the 

ReS and Qt'1S systems in that it is a monopropell ant, blowdo\'/n system 

(not pressure regulated) and, as shown in Figure (1), there is no 

separate pressurant tank. Consequently, "the APU gaging equations 

given in Reference (1) appear to offer little potential for saving 
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............ ,.---~ Primary pressure measurement 

Helium 

Hydrazine 

Fuel tank 
outlet line 

Primary temperature measurement 

Secondary pressure measurement 

Figure 1. - Shuttle APU fuel tank and instrumentation. 
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computer storage by sharing logic with either the ReS or the OMS 

propellant gaging programs. 

The Res primary propellant gaging module, scheduled to be placed 

1n the systems management (SH) function of the onboard computer, 

is presented in Reference (2). The ReS system utilizes monomethyl­

hydrazine (t1NH) as the fuel, nitrogen tetroxi de (NzO .. ) as the oxi­

dizer' and helium gas (He) as the propellant system·pressurant~ A 

separate helium bottle is used to pressurize each propellant tank 

in the six ReS propellant tankage systems. The instrumentation 

for the P-V-T pro?~llant gaging rnodule consists of tl'/O 'pressure 

measurements (the average pressure is used) and one temperature 

measurement for each propellant tank and helium bottle. A typical 

ReS pressurant/propellant tankage system \'lith its instrumentation 

is depicted in Figure (2). 

The Or.1S propellant gaging module described in Reference (3) is to 

be placed in a ground based computer. However, this module may 

also be placed in the Sf1 function of the onboard computer and used 

for backup ons propellant gaging. The or-1S system utilizes mono­

methylhydrazine as the fuel, nitrogen tetroxide as the oxidizer, 

and helium gas as the propellant system pressurizing agent. One 

helium bottle pressurizes two propellant tanks (one fuel tank and 

one oxi di zer tank) ; n each of the three ONS propellant tankage 
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systems. The instrumentation for the P-V-T propellant gaging 

module consists of one pressure measurement and one temperature 

measurement for each h~lium bottle and propellant tank. The mlS 

baseline presslirant/propellant system \'rith its instrumentation 

is shown in Figure (3). 

3.0 DISCUSSION 

The purpose of the three propellant gaging modules under ex~mina­

tion is to enable the computation of the usable propellant remain­

ing in the propellant tanks based on the real gas pressure-volume­

temperature relationship for the propellant tank pressurant agent, 

helium. The computed quantities of propellant re~aining are to 

be made available to the crew by means of a digital panel gage 

reading or a cathode-ray-tube{CRT} display, or both. 

The real gas equation, PV = Z~IRT, is used to determine the initial 

\'/eight of helium in the pressurant/propellant system after system 

servicing but before system usage. The most ir.,portant basic premise 

of the program calculations is that this \'/eight of helium in the 

tankage system remains constant during system usage. After propel­

lant usage has commenced, the real gas equation is used to compute 

the volume of the helium ullage in the propellant supply system. 

The remaining volume in the propellant supply system is assumed 

to contain propellant. The variables in the real gas equation are 

defined below. 

., .., 
I 
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P = helium partial pressure '(total pressure less propellant 

vapor pressure), psia 

V = helium vo1ume~ in' 

Z = helium compressibility factor, nd 

W = v/eight of helium in the system, lb 

R = gas constant for helium, psia-in'/lb-oR 

T = helium temperature, oR 

The total pressure and temperature (in degrees Fahrenheit) are 

measured by sensors in the pressurant and propellant supply systems. 

The temperature is converted into degrees Rankine. The propellant 

vapor pressure is computed as a function of absolute temperature. 

The helium compressibility factor is computed as a function of 

absolute temperature and helium partial pressure. 

While all three propellant gaging programs are based upon the real 

gas equation for helium, the unique combinations of propellants, 

tankage systems, and instrumentation result in program formulations 

which are necessarily quite different from each other. However, 

there are a fevl expressions v/hich are identical and could be shared 

by bi~ or !rOre programs. These comroon expressions can be coded as 

functions and be made available to all programs placed in a compu-­

ter. in the same manner that library functions are used. 

Expressions for the following quantities are cOlTl11on to at least 
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two of the three propellant gaging programs under examination. 

1. Hel i urn compress ibil ity factor. 

2. r·mnomethyl hydrazine vapor pressure. 

3. Nitrogen tetroxi de vapor pressure. 

4. Monomethylhydrazine density. 

5. Nitrogen tetroxide density. 

6. Corrected pressure measurement. 

7. Corrected temperature measurement. 

4.0 RESULTS 

The software for each of the seven quantities listed above was 

examined to determine the amount of computer storage that can be 

saved if an external function subprogram \'Jhich calculates the quan­

tity is accessible to two or more propellant gaging programs placed 

in the same computer. The results of these examinations are pre­

sented below. 

4.1 Helium Compressibility Factor 

Since all three propellant systems examined use helium gas as the 

propellant tank pressurant, a prime candidate for c~monality in 

the propellant gaging programs is the quadratic expression for the 

helium compressibility factor, Z. This expression, given below as 

a function of helit.nn partial pressure, P; and absolute temperature, 

T ~ was derived by Rock\'/ell International from data presented in 

__ '_W --~---_________ ,..'" '_m_~ .. ~ 
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At this juncture, the APU fuel gaging module was eliminated from 

further consideration in the commonality study due to 1) difference~ 

in system conflguration, 2) different propell ants, and 3} simpli­

fying approximations for the hel ium cOtii;:,ressibi1 ity factor and gas 

constant. 

The complete RCS and OI"S propellant gaging programs, described in 

References (2) and (3) respectively, were coded in Fortran language 

and executed on the Univac 1108 computer. The helium compressibi­

lity factor is computed at blo or three places in each pr()gram. To 

avoid coding the same equations more than once, I is computed in 

one long statement in the internal function Fl. Coding FZ as an 

internal function requires 41 10 storage locations. Coding FZ as 

an external function subprogram requires 52 10 storage locations, 

including 1410 locations for subprogram overhead. If only one pro­

pellant gaging program is placed in the computer, FZ should be 
. 

coded as an internal function • If both the ReS and m·1S programs 
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are p13ced in the same computer~ and FZ ;s coded as an external 

function subprogra~, 3010 storage locations can be saved. 

4.2 Honooethylhydrazine Vapor Pressure 

The Res and (INS propellant gaging programs compute the monomethyl­

hydrazine vapor pressure, PFV, as a function of absolute tempera­

ture, T. This vapor pressure is computed at one place in each 

program utilizing the follm·,ring expression from Reference (5). 

I'FV = 
(., 746 ~66~ O/T\ 10 ,j.. -- tJ ..:. I' I 

51.715 (T/l.8)7.88 

Removing the above equation f-rom one propellant gaging program saves 

19 10 storage locations, Coding PFV in an external function subpro­

gram requires 4610 storage locations. Even when tvlO propellant 

gaging programs are placed in the same computer, no storage loca­

tions can be saved by coding PFV in an external function subprogram. 

4.3 Nitroqen Tetroxide Vapor Pressure 

Both the ReS and OMS propellant gaging programs calculate the ni­

trogen tetroxide vapor pressure, POV, as a func.tion of absolute 

temperatUl~e, T. This vapor pressure is computed at one pl ace in 

each program utilizing the following expression from Reference (6). 

POV = e(16.594 - 7367.0/T) 

Removing the above equation from one propellant gaging program 
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saves only 410 stora~K locations. Coding POV in an external func­

tion subprogram requires 27 10 storage locations. Clearly, there 

can be no savings in computer storage requirements by coding rov 
in an external function subprogram. 

4.4 9ther Cemmon Expressions 

of 

The remaining expressions comr.~n to the RCS and OMS propellant 

gaging programs are for the propellant densities and the corrected 

temperature and pressure measurem~nts. All of these expressions 

consist of an equation for a strilight line. The expression examined 

in Section 4.3 demonstrated that such a simple equation is best 

left in the main program because the computer storage overhead 

(about 1410 locations) needed to create a new external function 

subprogram precludes any savings in computer storage. 

5.0 CONCLUSIONS -.. 

Four conclusions \,/ere reached during the course of this study: 

A) There is no sofb/are commonality beb/een the APU fuel gaging 

program and ei ther the ReS or the 01,15 prope 11 ant gagi ng pro­

gram whi ch can be used to reduce the storage requi red to p1 ace 

either of these two combinations of programs in the same com-

puter. 

B) The function for computing the helium compressibility factor 

is common to the r~cs and ONS propellant gaging programs. If 

13 
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these two programs are placed in the same co~puter, the he­

lium compressibility factor should be calculated in an exter­

nal function subprogram accessible to the two gaging programs. 

This action will result in a sizable net savings in computer 

storage requirements. 

C) The code for the corrected pressures and temperatures should 

be pl aced \'/herever the sensor measurements are converted from 

transducer voltages. These equations lre considered to be a 

part of the sensor measurement accuracy rather than a part of 

the propellant gaging program. It may be possible to combine 

the conversion constants and calibration constants and save 

some computer storage in that manner. 

D) 1~~ computer storage required to code each of the other expres­

sions corrmon to the ReS and Qt·,S propellant gaging programs is 

small relative to the overhead required to create a new sub­

program. Therefore, all of these expressions should be coded 

within each of the gaging programs. 
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