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ABSTRACT

SCORES (SpaceCraft Object-oriented
Rocket Engine Simulation) is an analysol
being developedfor conceptual-levelspacecraft
and launch vehicle design. Written iC++,
SCORES provides rocketthrust and Isp for
propulsion systemtrade studies. Common
gateway interface scripts, written in Pguipvide
an interfacewith the World Wide Web. The
design parametenssed inSCORES are mixture
ratio, chamber pressurethroat area, and
expansion ratio, makingCORES effective in
multidisciplinary design optimization. This
paper describesthe current status in the
development of SCORES, compares chemical
equilibrium results againsicceptedequilibrium
codes STANJAN and CEA, compares engine
thrust and Isp predictions against available engine
datafor nine rocket enginesand discussesareas
for future work. SCORES accurately predicts
equilibrium mole fractionsand adiabatic flame
temperature over awide range of operating
conditions within 0.5%. Uncorrectederrors of
less than 10% within SCORES engine thrust and
specific impulse calculations are within
acceptable tolerancder use in conceptual-level
design. Statisticallycorrecting the performance
predictionsreducesthese errors appreciably and
provides the designer with additioriaformation,
the confidence interval of the calculations.

NOMENCLATURE
B multiplier
€ nozzle area ratio (#A)
Y ratio of specific heats
" element potential (G/RT)
A area (irf)
c* characteristic velocity
C thrust coefficient
Cp constant-pressure specific heat
G Gibbs free energy
Oc unit conversion factor
g, (G/RT) for species
h specific enthalpy
Isp specific impulse (sec)
m mass flow rate (Ib./sec)
MW  molecular weight (kg/kg-mole)
N, moles of species
Ny elementk atoms in specigs
O/F oxidizer to fuel ratio

p pressure (psia)

R gas constant

S specific entropy
T temperature (K)

X; mole fraction of specids
Subscripts

a atmospheric

act actual value

c combustion chamber
calc calculated value

e nozzle exit

" Graduate Student, School of Aerospace Engineering, NASA LaRC GSRP Fellow, Student member AIAA
T Assistant Professor, School of Aerospace Engineering, Senior member AIAA



M perfect gas mixture

t nozzle throat

thr thrust
INTRODUCTION

SCORES (SpaceCraft Object-oriented
Rocket Engine Simulation) is an analygol
being developedfor conceptual-levelspacecraft
and launch vehicle design to provide rocteust
andIsp. SCORES,written entirely in C++,
takesadvantage ofhe language’object-oriented
features to provide eodewhich is easilyadapted
to the user'sneeds. CGI (Common Gateway
Interface) scripts, written in Perl,provide the
wrapping agentieeded tointerface the C++
executablewith HTML (HyperText Mark-up
Language) web pages.

The motivation fordevelopingthis tool
is to providethe conceptual-level spacecraft and
launch vehicledesignerwith a tool capable of
providing “quick-look” answers topropulsion
system trade studies. Of importance in
performing thesdradestudies is maintaining the
appropriate level of fidelity. Therefore, the
design parameters used SCORESaretop-level
propulsion parametersthat affect the overall
vehicle design (mixtureatio, chamber pressure,
throat area,and expansion ratio). Thideature
allows thedesigner touse SCORESeffectively
in an MDO (Multidisciplinary  Design
Optimization) environment. MDO brings
together several disciplineand seeks optimal
solutions todesignproblems withrespect to the
given design objective criteria. This paper
describes the current status in ttevelopment of
SCORES, comparesresults againstaccepted
codes, and discusses areas for future work.

ANALYSIS PROCESS

SCORES determines rocket engine
performancegiven nozzle expansiorratio (),
throat area (A), chamber pressure P and
mixture ratio (O/F). Engine performance
prediction includes rockehrustandlsp through
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chemical equilibrium, isentropic expansion, and
statistical calculations.

First, equilibrium calculationsprovide
the  combustion product thermodynamic
properties. Oncethe ratio of specific heatsy),
temperatur€T), andmolecular weight(MW) of
the exhaust gasseare known, subroutines
determine ideal nozzle performance terms of
thrust coefficient (Cf), characteristic exhaust
velocity (c*), and mass flowrate (M). These
subroutines utilize expressions ffnozen one-
dimensional, isentropic expansion.Anderson
defines frozerflow as a flowwhere the reaction
rates are precisely zero. Thensequence dhis
assumption is to maintain achemical
composition constant, ofrozen. This is the
opposite of equilibrium flow, which implies
infinitely fast reactions. Finally, a statistical
sampling process corrects forvariations in
performancedue toreal processesnd provides
indications of thrust and Isp uncertainty.

Chemical Equilibrium:

Chemical  equilibrium  calculations
provide exhaust gaghermodynamic properties.
The method of elemenotentials,described by
Reynold$, determinegshe mole fractions of the
desiredproduct speciegiven O/F ratioand R.
The observation that, at equilibriureachatom
of eachelement contributes exactly thsame
amount to the Gibbfee energy of eaclspecies,
forms the basis for themethod of element
potentials. That amount of energy, thkement
potential, can beshown to be the eigenvalues,
A, of the following expression:

0. a 0
X; = exp3g; + Z}\knk]H (1)
=1

In the above expression, the index's |
and k refer tothe molecular specieand atomic
element respectivelyhere A isthe number of
elements. This expressioderived assuming a
mixture of perfect gasses, allows the
determination of any number of species mole
fractions bysolving for the unknown potentials



of eachelement. This significantlyeduces the
number of unknown variables.
can be shown that the Giblree energyobtains
a minimum value at equilibriurh The
equilibrium problemcan therefore beexpressed
formally as:

For a given temperatureand pressure,
minimize the Gibbsfree energy of the
product gasses, ¢ subject to atom
conservation.

SCORES, asurrently configuredpnly
analyzeghe combustion ofiquid hydrogen, H,
andliquid oxygen, Q. Six product species are
assumed: KO, H,, O,, H, O, andOH. Since
there are only two unknowns, thehydrogen
potential §,) andthe oxygen potential\), the
design space is two-dimensioneith eachpoint
(Aw; Ao) mapping to aunique set of mole

Additionally, it

AIAA 98-3227

fractions through the equation aboveachpoint
thus relates to a unique G and mole ratio,
N./No. SCORES uses golden section search
procedure oM\, to minimize G,. The golden
section methoddescribed invanderplaats is an
interval reduction procedure with a known
convergencaate. At eachA, anothergolden
sectionsearch is performed ok, to minimize
the error betweenthe actualand required, as
defined bythe O/F ratio, mole ratio. The mole
fractionsare used to determirthe mixture MW
andy.

A secant method iteratiomperformed on
temperature, minimizes thdifference between
the reactant and product enthalpies. This
temperature  defines the adiabatic flame
temperature, which iassumed to be identical to
the combustion temperature.

Table 1 Curve Fit Coefficients

-0.00020979

-0.004614889

H2 02 H20 H O OH
ao 3.933722685 5.057032641 2.746701247 0 2.116701865 3.82965272
a1 0.059959468 0.019344927 30.60914939 1 0.05186064  1.03E-07
a2 150.3903196 5.697101525 8.322294987 49.68 2.955440175 6.271142439
a 3 -0.004412135 -0.0079048 -0.002943495 0 -0.005555538 -0.004258877
a 4 12070.42761 -26.51339157 -10676.72408 0 -26.51339602 -23.59458512
as -0.062041073 -0.022299194 -1.43295643 0 -0.222991108 -0.957671188
a6 -148.3456013 3.134160952 -8.757141531 0 2.634767984 22.7425443
a7z -0.004534063 -0.00055886 -0.001113711 0 -0.000658091 -7.95E-06
a s 0.320522905 0.379109696 0.02592152 0.004953723 0.005042775 0.165010252
a9 16472.49722 16597.84136 445.1886493 -0.459800415 -0.46970185 -5495.381807
a 10 2602.574292 2557.550016 19.01923983 -0.057167685 -0.095054963 5982.983104
a 11 -3.70E-05 -4.33E-05 -0.000505011 -0.018752263 -0.018913158  -2.15E-05
a 1z -19077.01074 -19157.52981 -466.4004923 -0.9925826 -1.042302694 -489.6674722
a 13 1.14E-05 1.36E-05 2.11E-05 -6.14E-06 -9.83E-10 6.06E-05
a 14 14.89646448 23.55885656 14.57864692 11.43447621 13.30284376 15.89591189
a 15 0.081547016 0.025063253 97.11760674 0.834978622 1.741901386 4.12E-06
a 16 127.8047615 7.283550034 -3.026749532 0.022134567 0.998014896 -7097.870774
a1z -6.09E-05 -0.005651998 -0.010685824 -0.004795216 -0.002492277 -0.098017495
a 18 -584.850401 -26.51024332 -10676.72408 12502.30278 -0.541034286 -23.59458512
a 19 -0.000108893 -0.223380128 -1.43295643 -0.137602296 -0.015139915 -0.957671188
a 20 467.403068 4.836786448 -21.06978544 0.021642709 2.13815034 89.94157461
a 21 -0.000117769 -0.001055833

-0.000405464 6.19E-06




Thermodynamic Properties:

Curve-fit approximations to theloint
Army Navy Air Force (JANAF)thermochemical
tablesprovide the thermodynamiaata needed in
the combustion calculations described above.

Because SCORES is written in an
object-orientedanguage, the&odecan be written
in self-containedunits called classes. These
classes caruse the property of inheritance to
accessthe data andfunctions containedwithin
another class. The thermodynamic property class
within SCORES makes use of this principle. A
single base class contains theguations for the
C,, h, and scurve-fits while derived classes
contain the specific values for the 28efficients
for each ofthe individual species. Thespecies
classes also contain molecular weight and
reference enthalpyThis object-oriented structure
allows for the easy incorporation @dditional
species.

For simplicity, as well as toensure
smoothness everywhere, it wdasirable to write
one expression for the properties from 0 to 6000
K. The following equations provide the forms of
the interpolating functions used:

(2)
Cp = a,+logy, [ay(T-1)] +a,e™" +a,e™ +a.e™
h = ag+a,T +a,e™" +a,e™
s = ay, +log,, [als(T 1)] + aleeuﬂT + aiseawT + azoeaﬂT

Table 1 abovdists the coefficients for
each ofthe six species: J@, H,, O,, H, O, and
OH. These valuewere obtained byminimizing
the sum of thesquares othe residuals between
the predicted values and the JANAF table data.

Engine Performance:

Nozzle performancealculations utilize
adiabatic flow relationships for acalorically
perfectgas. Asecant method iteratioscheme
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determineghe Mach number at theozzle exit.
Once exit flow conditions are known, the
following ideal rocket equations generate classical
engine performance parameters:

(3)
| 1
C_‘Zy 02 Dl%%y&g D, - b0
- 15 +1 0 °H e, B
| v+
‘D 2 O+t
\B; 1H (4)
al JYRT,
C* gCPCAt (5)
m
Thrug = C*C—fm (6)
15 = &Gt (7)
9.

In addition, SCORES provides two
flags toindicate the status of the flow through
the nozzle. These flagsdicate chokedlow at
the throatandthe presence of aormal shock in
the nozzle.

Uncertainty:

The solution procedure described thus far
relies on several assumptions. These
assumptionsinclude infinitely fast chemical
reactions in the combustor (equilibrium flow),
perfectmixing of reactants, mixtures gberfect
gasses, adiabatic flow, and infinitely slow
reactions (frozen flow) throughout thenozzle.
These assumptions resultigealizedpredictions,
which do notaccount for reallosses, and that
may differ from the real processes by0% or
more.

A statistical approach to analyzitigese
errors providesnot only improved estimation,
but also a quantifiable uncertainty in the



computational results of thruahd Isp. Writing

the actual thrusandIsp as theproduct of their
respective calculated values and a multiplier gives
the following expressions:

_ (8)
Bisp X 1Pcalc = 15Pact

If the multipliers, By, and B, are
normal distributions with known means and
variances, themhrust,, and Isp, will also be
normal distributions withpredictablemeans and
variances. Statistically, multiplying anormal
distribution by ascalarresults in a mean that is
multiplied by thatscalarand avariancethat is
multiplied by thesquare ofthe scalar. Working
with distributions, rather than single values,
allow the reporting ofconfidenceintervals for
both thrust and Isp iaddition totheir respective
mean values. A 90%onfidenceinterval will
contain the true mean 90% of the time.
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A calibration proceduredetermines the
multipliers by comparing nominal results with
known values for a sample of existirmgngines
and then determining th&tatistical samplenean
and variance.  Thereader is cautioned that
determining the multipliers in this fashidimits
their applicability to engines similar to the
sample enginesised inthe calibration. Larger
sample sizes, of course, lead to improved results.

Web Interface:

SCORES is equipped with a web
interface. CGI scripts, written in Perlaccept
input from HTML forms. This input isnserted
into the appropriateinput files and then piped
through theexecutableapplication. The output
generated by the executabletigen parsedfor the
desired information, which is displayed in HTML
format on a new web page.

;’5 Metzite: \& ihttp 1/ atlas.cad gatech.edu/ “dwway fscores html

Input Panel
Cycle | Staged combustion - |
AT A fem =
Area =aLio |44
Throat Area 1234 s, in
Mixture Ratio |6. 034 0/H
LT S e e AR LT [Frrraa— P
Lnammuoer Fressure |3 U= P=1
Ambiant Prassure 1 nsi

azzll 1 pel

Maan
[71.503

Ao las oo
iy | #5600

IECERRED

Yarianca

[.23343

=
=
=
=
i
-
i
=
@
=
o
w

Control Panel
Information ] [ Ferformance ] [ Equilibrium ]
Output Panel
Lower Limit Mean Upper Limit

Thoiot A11 &nnm AAT 1Mt AR &0 Tha
Thrust 411,500 447,100 482,500 it
SheL 4424 4535 4578 sec
Impulse £ : :
Thrust Coeff. 1.63 177 1811
et G e S s e
racn LexiLy G iuiuy
Char. ¥elocity 7E896.19 ftisec
Chioked Flow yes
Internal Shock no
| Clear |
e

Figure 1 SCORES Performance
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v Netzite J;|http:.-’.-’atlas.cad.gatech.edu.-’”dwwau.-’scores.html
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Pressure
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Figure 2 SCORES Equilibrium

The current SCORES interface uses
frames to organizehe individual web pages.
Buttonsareavailable to accessither theengine
performance orequilibrium calculation portions
of the system. ThH&E CORESweb site is public
and can be accessed frahe World Wide Web at
the URL address listed below:
http://atlas.cad.gatech.edu/~dwway/scores.html.

Providing a web interface for the
program has several advantages. First,
distribution is greatly simplifiecand portability
is not aconcern. Itdoesnot need to be re-
compiled on another machiribat may have a
different C++ compiler. Also, version control is
automatic. With a continually evolving
program, as new versiorare createdhey are
automatically updatedfor all users. Finally,
Providing a web based interface literally opens-up
the system to be used by anyone. Anyone with a
web browser may access the code. No
programming isrequired andhe intuitive nature

of the input and output allow immediatse. In
this manner, theveb interfaceallows for multi-
platform, graphicallydistributedusers. Figure 2
shows ascreen capture ofhe web interface
provided for SCORES chemical equilibrium
calculations.

RESULTS

The following section presents the
results of a comparisonused to validate
SCORES solutions againsicceptedchemical
equilibrium codes andhistorical data. This
section first compares equilibriumpredictions
with those of accepted equilibrium codes
STANJAN? and CEA (Chemical Equilibrium
Analysis). Secondperformance predictions,
thrustandlsp, are comparedvith actual engine
datafrom the Chemical Propulsiomformation
Agency (CPIAS.



Equilibrium Comparisons:

First, a comparison wasmade to
validate the equilibrium calculations. A full
factorial array of five mixture ratiofO/F: 4.0 to
8.0) and five chamber pressures (P1000 to
3000 psia)produced 25cases for comparison of
equilibrium results. SCORES, STANJAN, and
CEA were used to analyze eachtbé 25 cases.
Mole fractions, temperature, aydwererecorded.
In each case, theinitial temperature of the
reactants was 300 K.

Table 2 Mole Fraction Comparison

H20 H2 02 H O OH

SCORES 0.6369 0.2512 0.0058 0.0452 0.0058 0.0551
CEA 0.6401 0.2508 0.0054 0.0440 0.0055 0.0542
STANJAN 0.6360 0.2517 0.0058 0.0447 0.0058 0.0560

Table 2 lists the mole fractionsedicted
by each code foone case(O/F=6.0and Pc=1000
psia). Thiscasewas chosen to beepresentative
of all the results. Similar resultgere found in
all of the cases. Figure 3 shows graphically the
similarity in the predictions of mole fractions for
the major product species,®land H

Major Species

08
=

& 06 o SCORES
E 04 B CEA

= 02 F 0 STANJAN
=

0
H20 H2
Species

Figure 3 Major Species Mole Fraction

All three codes agreed to within 0.5% of
mole fraction in all cases. SCORES agreed
exceptionally well with  STANJAN, predicting
similar mole fractions within 0.15% in adlases.
This closeagreementwith STANJAN is not
surprising wherconsideringthat both programs
utilize the same method of element potentials.
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Minor Species

.E 0.06
=
= 0.04 O SCORES
‘5 0.02 B CEA
= o STANJAN
= 0 [Cmme )

02 H [¢] OH

Species

Figure 4 Minor Species Mole Fraction

Figure 4 above shows the correlation in
the minor species: 02, H, @QndOH. Table 3
below recordsthe results fotemperatureand y
for the representative cag®/F=6.0and Pc=1000
psia).

Table 3 Temperature and Gamma

T gamma
SCORES 3604.52 1.2018
CEA 3594.49 1.1382
STANJAN 3601.54 1.1387

Figure 5 shows the comparison of
adiabaticflame temperature. This plot shows
Temperature as #unction of mixture ratio for
P.= 1000 psia. Thdrends weresimilar for all
other pressures. As with the mole fractions,
temperatureagreed exceptionally well, within
0.5% in all cases.

Temperature Comparison

3800

3700

3600

prd ==
/

ol f
¢

3100

w o
s @
s o
S o

Temperature (K)

4 5 6 7 8
Mixture Ratio (O/F)

Figure 5 Adiabatic Flame Temperature

Figure 6 shows the ratio of specifieat
comparison. This plot showsas a function of
mixture ratio for P= 1000 psia. Thérendswere
similar for all other pressures.



Gamma Comparison

—@—SCORES
—mCEA
—A—STANJAN

Specific Heat Ratio
e
N
13

1.16 \|
1.14 \

4 5 6 7 8
Mixture Ratio (O/F)

Figure 6 Ratio of Specific Heats

Figure 6 reveals a consistent over-
prediction bySCORES. Thiserror ranges from
3.5% to 5.5%. The error is believed to daee to
the method in whiclFSCORES predictsy from
the equation of state.  Effortsare currently
underway to improve the method fdetermining
y by first determining thepeed ofsound in the
equilibrium gas mixture.

Engine Comparisons:

SCORES performance predictionaere
also compared to historical data from nine
existing engines. Irachcase,SCORES was
run at vacuum conditions using the engudata
provided. The results for thrustand specific
impulse werethen comparedwith the advertised
values for engine vacuum thruahdIsp. The
ratio of the actual values to th@wedictedvalues
determined thenultipliers, B. Thesemultipliers
were compared and sample mearand variance
were calculated.

Table 4 Engine Data

Engine € At O/F P
(in°) (psia)
J-2 (200K) 275 169.6 5 670
M-1 40 803.24 5 1100
RL10A-3-3 57 20.75 5 400
J-2 (225K) 275 1698 5.5 670
J-2 (230K) 275 1696 5.5 691
J-2S 40 1169 55 1246
SSME 77.5 83.16 6.011 3277

19.2 5 475
19.3 5.5 568

RL10A-3-3A 61
RL10A-4 84
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The CPIA/M5 Liquid Propellant Engine
Manuaf providedthe enginedatalisted in Table
4 above. Nine Lox/Lh2rocket engineswere
selected for comparison: 200K J-2, M-1, RL10A-
3-3, 225K J-2, 230K J-2, J-2S, SSMEL10A-
3-3A, and RL10A-4.

Multiplier

J2 (200K}
J2 (225K
J2 (230K)
25
SSME
RL1DA-4

BLT0A-3-3
RLTOA-3-34

Engine

Figure 7 Thrust Comparison

Figure 7 shows thencorrectedthrust
comparison. Table 5 below records the actual and
predictedthrust values. . Actual valuesere
taken from CPIA/M5. Predicted valuage taken
from SCORES atvacuum conditions with a
multiplier of 100%.

Table 5 Thrust Comparison (Ib.)

Engine Actual Predicted
J-2 (200K) 200,000 209,100
M-1 1,500,000 1,656,000
RL10A-3-3 15,000 15,740
J-2 (225K) 225,000 221,900
J-2 (230K) 230,000 216,000
J-2S 265,000 273,500
SSME 512,845 527,400
RL10A-3-3A 16,500 17,340
RL10A-4 20,800 21,130

The sample mean

of the thrust

multipliers wasdetermined to b&.9746. The

maximum uncorrected error is 10.4%.
above mean value

to calibrat¢he

Using the
thrust



calculations reduces this error8b%. Figure 8
shows the comparison of Isp.

Multiplier

1.2

(EEE B N e
o1 1 1 H1 H1L H1 1 1 1 H Evutiplier
(FEE B e
[FEE R EE L N e
0
o — o o o oy w =€ +
£ 0 & F 5 0w = ¢ x
8 £ 8 8 " 8 % S
&l = &l s &£ 5
& | iy Iy =4 s
- 7 - 4 5
o

Engine

Figure 8 Isp Comparison

Table 6 belowrecordsthe actual and
predictedisp values. Actual valuesere taken
from CPIA/M5. Predictedvaluesaretakenfrom
SCORES at vacuum conditions with a multiplier
of 100%.

Table 6 Isp Comparison (sec)

Engine Actual Predicted

J-2 (200K) 426 461.8
M-1 428 473.1
RL10A-3-3 444 472.6
J-2 (225K) 422.6 452.6
J-2 (230K) 422.7 453

J-2S 435 465
SSME 452.9 475.5
RL10A-3-3A  444.4 475.1
RL10A-4 449 472.3

The sample mean of the Ispultipliers
was determined to bé.9342. The maximum
uncorrected error is10.5%. Using theabove
mean value to calibratghe Isp calculations
reduces this error to 3.3%.
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CONCLUSIONS

SCORES accurately predicts equilibrium
mole fractions and adiabatic flame
temperature over wide range ofoperating
conditions. SCORESgreedwithin 0.5%
with both STANJAN and CEA. Mole
fraction and temperature are important
parameters in accurately predicting exhaust
gas behavior. Thehermodynamic behavior
is, in turn,very important in modeling the
effects of changes inengine parameters
which affect combustion (mixture ratio and
chamber pressure).

SCORES does not accuratglsedict specific
heat ratio. 3.5% to 5.5%rror iny is
unacceptable. Adiabatiflow relations are
very sensitive tahis parameter. Additional
work is needed toimprove this prediction.
This work will center aroundmethods to
calculate the speed of sound in an
equilibrium mixture of gasses. Engine
performance calculations are expected to
improve with improved, predictions.

Errors in SCORES engine performance
(thrust and Isp) calculations are within
acceptable tolerancder use inconceptual-
level design. Uncorrected, thierustand Isp
were found to bewithin 10% of the
published values for nine rocket engines.
More importantly forconceptual design and
optimization, performance trends are
properly predicted. Statistically correcting
the calculationsimproved the errors to
within 8.5% for thrust and 3.3% for Isp.

Statistical calibration of theperformance
predictions reducethe errors associatedith

real vs. idealized processes by 2 to 7%. This
method additionally provideghe engineer
with additional information about the
uncertainty of the calculations. This
uncertainty information isprovided in the
form of confidence intervals.



5. Providing SCORES on the World Wide Web

has been vergffective. The welinterface
provided with SCORES represents an
efficient method for users to interaetith

and use the software. AsSSCORES
improves, changes are immediately
incorporated.

FUTURE WORK

SCORES is an on-goingeffort to
provide a useable analysis tool for tt@nceptual
designer. Théollowing list identifies areas for
future work:

1. Add capability for sizing the nozzkaroat to
a desiredthrust level. This is easily
implemented with an additional iteration
following performance calculations.

2. Include different propellant combinations,
particularly LOX/RP-1.  This requires the
replacement of the curre@tD searchwith a
constrained optimizer.

3. Improve the estimation of th&ozen flow
ratio of specific heats. This requires
prediction of the speed ofsound in the
mixture of gasses.

4. Provide WER (weight  estimation
relationships) for low fidelityprediction of
engine weight.  Thisrequires regression
analysis of a propulsion database.

5. Add plotting capabilites to web-based
output. This requires a plotting package.

6. Add capability to predict nozzle length. This

may require a response surface
approximation to method otharacteristics
results.

7. Include a top-level feed system cycle
analysis.  This would require additional
information to beprovided by the user to
identify the feed system in use.

10
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8. Provide options for both Sl and English
units to beusedfor eitherinput or output.
Most easily implemented by input and
output scripts in the web-based version.

9. Provide an on-line user'sguide for

documentation and instruction.
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