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ABSTRACT
IN-FL IGHT THRUST DETERMINATION ON A REAL-TIME BASI!S

Ronald J. Ray

April 1984

A real-tIme computer program was implemented on a F-15 jet
fighter to monitor in-flight engine performance of a Digital Electronic
Engine Controlled (DEEC) F-100 engine.

This thesis describes the application of two gas generator
methods to calculate In-flight thrust real~time at the NASA Dryden
Flight Research Facliity. A comparison was made between the actual
results and those predicted by an engine model simulation. The percent
difference between the two methods was compared to the predicted uncer-
talinty based on instrumentation and model uncerféinfy and agreed closely
with the results found during altitude faclllty testing. Oéfa was
obtained from acceleration runs of various altltudes at maximum péwer
settings with and wlthout afterburner.

Real-time In-f]ight thrust measurement was a major advancement to
flight test productivity and was accompilshed with no loss [n accuracy

over previous post flight methods.
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INTRODUCT [ON

One of the most lmporfanf.objecﬂves in any fllght test program
Is the measure of performance. This has typically been a difficuit and
time consuming task that has sometimes delayed Important flight tests.
The result of this problem has caused loss of man hours, delays between
flights and increased cost. Advancements in computer capaclity and
capabllity has drestlically reduced the time required for performance
evaluation and made possible real-time In-flight measurement.

IhgiﬂASA Dryden Flight Research Facllity has been Involved in é
flight test program with a Digital Electronic Engine Control (DEEC) on a
F-15 alfbiaﬁeQ.‘One of the objectives of this program is the eval uation
of the airframe, propulslion and computer system [ntegration. Of
partlicular importance Is the performance analysis. To aid In this
gnalysis a reéi-fime computer program that calcuiates the Internal
+thrust developed by the F-100 engine in-fiight has been implemented.
Thils program allows the engineer to accurately monitor grosé thrust, net
thrust, ram drag and specific fuel consumption instantanecus!y from a
control room during test filights.

To calculate thrust, two gas generator methods were employed.
These methods described In References ' and 2, have been studied and
proven to be feasible and accurate. Because of the instrumentation
| already available from the DEEC engine and airframe system no speclal
instrumentation was required. The sofhvére used was a condensed version
of the manufacturer's supplied engine performance deck (Reference 3)

modifled to run real-time.



Compar isons between the two gas generator methods and predicted
values were made to verify accuracy. Data was primarlly obtalned from
constant power setting acceleration runs at a variety of conditions.
Unsteady throttle transient data was also analyzed. An uncertainty
analysls was used to compare the differences between the two gas

generator methods and confirm the accuracy of both methods.
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DESCRIPTION OF APPARATUS

Alrplane

The F-15 alrplane Is a high performance twin—engine fighter with
a Mach number capability of 2.5. The englne Inlets are two-dImensional
external compression type with three ramps (Figure 1), and feature

variable capture area descrlbed in Reference 4,

ELEED EXIT

THIRD RAMP
RAMP —UP BYPASS DOOR
POS’I{ION /—DIFFUSER RAMP
v—
~ o &

<==3 QL ENGINE -—-ff—",

RAMP -DOWN
POSITION

\k~ THROAT SLGT EYPASS
SECOND RAMP

FIRST RAMP

Figure 1: F-15 Engine Injet

The alrcraft used had been modlfled to be é general flight test
bed. The specific modiflcation for the DEEC flight test program was
replacement of the left engine with the DEEC equipped test engline and
appropriate DEEC/fuel cool Ing modiflications.
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Engine Description

The F-100 englne Is a twin-spool, low bypass ratio, afterburning
turbofan of the 25,000 pound thrust class. Flgure 2 shows the desig-
nated engine stations. The three-stage fan Is driven by a low pressure,
two~-stage turbine and the ten-stage high pressure compressor s driven
by a two-stage high pressure turbine. To Increase fan efflcliency and
achleve high performance over a wide range of oberaflng condltions the
engine lIncorporates compressor inlet variable vanes (CIVV) and rear
compressor varlable vanes (RCVV), Conflnuously variable thrust augmen-
tation is provided by a mixed-flow afterburner. The adgmenfor
Incorporates five spray ring segments which are ignited sequentially.
This allows variable afterburner thrust. High energy gas is exhausted
through a variable-area, convergent-divergent nozzie of the balénceubeam
design that enables simul taneous optimization of nozzle area, expansion
ratio and boattail or aftend drag.

The major contributors to the high pertormance of the F-100
engine are high aerodynamic stage loadings, high-temperature Turbfnes>
with advanced cooling features, variable Internal aerodynémlcs, high
ctrength-to-weight al loys and a Ilgh+4welghf balanced beam exhaust
nozzle. Information on the design and development of the F-100 engline
can be found In References 4 and 5.

The primary‘fllghf test englne used during Initial testing of the
Digita!l Electronic Engine Control and for calcuiation of real-time
thrust was designated P680063. This engine was one of two prototype
F100-PW-100 englines that were callbrated for thrust and airflow in the
NASA Lewl§ Research Center Propulsion Systems Laboratory 4 altltude
facility. The performance of this engine determined at the NASA Lewls

facllity Is described In References 6 and 7.
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Figure 2. F-100 Engine Stations

Tg;“ﬁétbl}éuathA1;éhf£dfl+y. engine mounted digital electronic
control system that performs the fungflons of the standard F-100 englines
hydromechanical unifled fuel contrcl and supervisory digltal englne
electronic control. Its foglc provides open !oop scheduling of CIlVY,
RCIVY, start bleed position, and aughenfor.confrols. The DEEC incor-
porates closed-loop control logic to elimlnate the neec for periodic
trimming and to Improve performance. Reference_8 cglves a more complete
descflpflon of the DEEC system and Iits pérformance.

There are some Important advantages of having the DEEC available
to supply englne data for the calculation of thrust. All of the para-
meters required to. calculate thrust are avalliable from the DEEC computer
real-time and are ﬁeasured with accurate, state-of-the-art Instrumen-

tation. In addition, the DEEC computer calculates alrflow and pressure

at station two, reducing the computational requirement on the ground.



Jhrust Measurement Instrumentation on the DEEC Engine

The location of the engine Instrumentation used in the calcu-

lation of In-flight thrust Is shown [n Fligure 3. This Instrumentation

Is common to the DEEC system and 1ts assoclated data Is avallable reai-
time from the DEEC computer. No speclial Instrumentation was required

and no modifications were made to any hardware for the catculation of

In=-f11ght thrust.

In addition to engine data, free stream static pressure,

temperature, Mach number and altitude were avallable from the alrcraft

défa system.
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PROCEDURE

Engline Performance Calculation

The software used to calculate In-flight thrust real-time is a
modifled version of the englne manufacturer's Fortran IV data reduction
routine for determining in-f|ight performance and was Intended for off-

line analysls. The user's manual, Reference 3, gives a general

descriptioniof the requirements to run'fhe_‘pr"}éfﬁaz_ program and its
capabllities. In-flight grogs thrust, net fﬁrusf and thrust specific
fuel consumption are .dd.-rerirmngd thfough -_corre'-l_:.:aﬂon with ma_fh,én;aﬂfcal
mode!l curves which are based on the alf!fudéafaéllny engine pérforman;e
and measured. thrust cal ibrations desCr[bed'byfééferénce 6. |
The program uses two gasféeae?afér'méihéas‘fo'cafcﬁlateigréésv:

thrust, the total temperature and weight flou.mefhod (TTW) and the total
pressure and area method (PTA), which ditfer mainly in the method used
tc calcuiate thrust. For bofh'me1hods.rfhe ideal gross TthST is |
def ined és the thrust obtalned when fhe flow at fhe_prlhary nozzle is

Isentropical iy expanded to free-stream static pressure, that is:

FGI :.ﬂﬁ%ﬁll ‘

The PTA equation Is obtalned by applying the continuity equation

at the prlmary nozzle exit:

’ P
W7 = v7 * a7 EIL
G R*T7.
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Both equations rely on the Ideal veloclty being equal to the
product of the Ideal Mach number and the speed of sound,
Vi = Ml * ¢
where ~
)
Mi = [(f-%) - 1] %)
and
The TTW equation Is obtained by converting static temperature,
&b
T, to totai temperature, 7T, by using %I (—I) and simpilfying, the

ldeal veloclty becomes:

-X
1-¥,
Vi = |TT7 2_39 1-(—17-)

Rearranging anc simpl{lfying these equations leads to the following

resul tant gross thrust equations:

g ‘?1
FG(FTAY = BT7 * AJ * ¥ #[ —2— (=&~} ‘ Y (-l—>

E-1) E+1
/ (1=K,
FG(TTW) = ﬂﬁl/m » 2Bc [ _(BTZ) ¥ ¢y
g ¥-1 PO

The final *erm is the correction factor from ideal! *c actuel
gross thrust and is obTaiﬁed from empirical data. A more detalled
developﬁenf of these equations Is found In References 2 and 9.

Net thrust Is obtalned by subtracting the ram drag force, FR,

from the corrected gross thrust,

:

FR

"
m
@

[
-n
e

FN
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Because of the extreme temperature within the engine, many of the
parameters necessary for the thrust calculatlon, such as exhaust
pressures and temperatures, cannot be directly measured. These para-
meters are calculated from available Instrumentation (Figure 3) by use
of gas dynamic relationships and emplrical mafhemg_ﬂcal models obtalned

during altitude facility testing described In Reference 6.

A schematic represen'raﬂ on of. fhegas

ator methods data flow
and mode! calculations Is glven In ngure 4, ..ﬁe-‘“‘érrovs show the flow
of . data. The blocks within the sc‘he_ma'ﬂ'g: lHusfrafe “the calculations
performed. “The model uses a comblination of ‘fh'.ile.‘o"fé*'lfl'cal vel ues, com-
ponen't <res1' dafaoand ful!-scaleenglne data hgenerafe the relation-
sh!psnecessary for the analysis. The :’eng'-’ljni»‘a: coreand afterburner
sections are modeled separately as shown.

To model the engine core, first the mass flow change is
calculated from the alrfiow an_d prlmary-fuel-flow data supplied by the
DEEC. The temperature rise Is .ﬂ\en‘ calculafe'dc frdn the total
*empe'rafure at station two snd the fuel-to-alr ratio In the core. The
afterburner mode! calculates the change In tota! pressure, temperature
and gas flow rate through this sectlon. Once station seven is
completely modeled, ldeal gross thrust Is calculated.

To correct the ldeal thrust to actual, the model employs a nozzle
analysis to calculate correction coefficients. The PTA method Is
corrected by the gfoss'fhrusf coefficlent, (G and the TTW method 1s

corrected by the velocity coefficlent, CV.
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Figure 4. Gas Generator Method Calculation Flow
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Modifications for Real-Time Qperations

To Increase the efficlency of the program and to meet real-time
compatiblliity requirements the followling modlflcations were made to the
manufécfdfer!s original post-flight program (Reference 3) in order to
operate real-time.

1. The total alrflow calculation was removed because of Its

avallabitlty from the DEEC.

2. The unéerfain*y loglc was removed.

3. The output parameters were reduced to only the essent!al

parameters requested for real-time display.

4, The method of Inputting data was changed to allow

Instantaneous access from the maln ground'compufer
program.

Th§§e changes were primarily made to Increase the speed of data
réd&cfféﬁ;;hd'no*changes were made to the method of calcuiation other
fﬁéﬁiméfé,éffltlenf programming.

 fhe afrflow calculation was actually an option in the origira;
_pfoéqéﬁ; vBécause’The DEEC engine computer calculates this parameter anc
rgqpbktedilf on a real-time basis tc the ground computer, the option was
’Féﬁbwed’fo-elimlnafe the storage requirements of its five subroutines
and the time consuming tests that were assoclated with the option. This
in effect streamlined the program.

The removal of the uncertainty logic was an important factor in
increasing the speed of the program. The original program analyzes the
effect of each Input parameter one at a time by looping back to the
beginning of the program, varing a parameter by its uncertainty and
repeating the performance calculation sequence to determining Its asso-

clated uncertalnty In thrust. Once all the Independent thrust
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uncertalinties were determined, a root-sum-square calculation was made to
find the overall uncertalnty In thrust at the particular flight
condltion. This process was obviously time consuming and the results
have |ittle Importance In fhe real-time environment. Re;rvdvel of the
uncertainty logic, Including two subroutines and numerous loglc tests,
accounted for over a tenfold increase in the thrust computation speed.

In addition to the removal of the alrflow and uncarfalnfy'loglc,
all other ftests and calculations that were not essential to fhe catcu-
lation of gross and net thrust were ’re’moy'ed and the output w_eé. reduced
to only pertinent performance par:au;ei:el-'j's'for real-fime d'lépl‘-a;l.

Both input and output mefﬁbdsrierejehanged to al low Instantaneous
aceess of all parame+ers. This was ac‘comp.lvlshed by the use of the
Fortran "common btock" statement to instantly update input and output

data as I+ varied. The "common block" sfa*eaenf was essenﬂal In

meeting the requlremem of real time lnpu'r and""ufpuf compaflbl I ity.

All of the above mentioned. modlftcaﬂons wer‘e made whlle al Icwlno
the performance program to run a1‘ H‘s bes',. ',:afe of speed in fhe back~
ground of the maln F-?S/DEEC real- ﬂme compufer program uslng faped
data from previous fl lghf test. To conflrm that real- flme compuflng
rafes were belng achleved, a rouﬂne was added to: monlfor 'rhe rafe
thrust was calculated. Once the modifications were compieted the
.performence program was changed to a subroutine of the main F-15 program

and operated at a flixed rate of five samples per second. This was done

to allow additional computer space for future usage.
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Resulits of Modifications

The resuits of the modifications made to operate real-time are
compared to the origlinal poszfllgh* program in Table | below. The most
signiflcant result was the calculation of thrust reat-time with no loss
in accuracy from the original post-flight program. This was a major
improvement Iin fllght test productivity and al lows declsions concerning

thrust output to be made In the control room.

JABLE 1: RESULTS OF MODIF]CATIONS
ITEM ~ ORIGINAL MODIFIED
Method of Data Reduction Post-Flight Real-Time
Time between test maneuver 2-5 days 40 millisecs
and data requéflon . 1-2 hrs. hard copy
Program length . 21 subroutines " Y2 subroutines
Accuracy (estlimated) ‘ 2 to 5 percent -~ same --
Uncertainty calculation Avallable Not avallable
Output form Lengthy hard copy Tabulated hard copy
with plotting with plotting
avaijlable avallable, strip-
charts

The delay In data reduction post fllght was due to the time
required to format the real-time flight data tape for use on the post
f1ight Cyber computer. This delay varied wlth the work ioad and the
avallabiiity of the reai-time computer and had been longer than two
weeks.

The Improvement In flight-test productivity shouid help to

relleve the work load on the englneer both during and after the flight

since It provides a fast and accurate measure of englne performance for
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immediate use. This should also reflect In a substantial financlal

savings by allowing important decisions concerning present and future
flights .to be made with no delay in ob+alnlné performance data. Thus,
probléms in the past that would terminate or postpone flights can now be
solved faster and sometimes immediately. This results In a savings of_

man hours, aircraft downtime and money.

Real-Time Data System

The actual F-15/DEEC real-time data system used to calculate
thrust Is shown In Figure 5. Data from the engine and airframe was
capfuféd at various rates and continuously ?eleme#eréd-fo the ground
sfa#fon réCelver. The raw data was recorded on a digital tape for
future processing and supplled to the real-time computer for eng!neerlhg
units conversions and data reduction. The computer Thgn suppltied the
output to the appropriate device.

Output was dlsp|ayed real-time, every second on the CRT's and
updated lnsfantfy'oﬁ sfflpcharfs In the control room. Hard copy was
prov.ided In f_aplé form shortly after any flight with plotting available
dlrecfiy after ahy maneuver.

In.additlon to this reai-time thrust program a version of the
orlglnalidéek'has been modifled to run post-flight from the flight data
base tape (FLIDAB). Thils program was used as a comparison and check to
the régl-flme version and gave a detalled account of all thrust depen-

dent parameters and uncertainties.

Implementation and Testing

Implementation of the real-time thrust calculation was accom-
plished during Phase 3 of the DEEC test program. Because this was a

supplementary project, the Initlal data was used to verify the accuracy
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F100 Engine
L\
.
CRT Ll
Stripchart k '\ |
X-Y Plotter
Printer

Flgure 5. F-15 DEEC Real Time Data System

of the real-time program wlth the origlnal post-flight version. This
occurred with no disruption to the DEEC flight test program. Once
verification was established, subsequent flights were made fo take

advantage of this new software,

Pertinent real-time thrust data was obtained from level flight

acceleration runs at varlous altitudes and test day conditions., Power

settings were military and maximum afterburning. Table Z below

summarlizes these test runs.

16
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JABLE 2; TEST RUN SUMMARY

FLIGHT DATE POWER SETTING ALTITUDE TERMINAT ING
MACH NO.

412 1/10/83 MIL 5 .97

10 .97

20 .99

30 .98

40 .99

MAX 10 1.24

20 1.46

30 1.94

40 2.28

Because of the real-time program, thrust data was continually
monitored on computer terminals and stripcharts in the control room.
This allowed Instant evaluation of steady-state thrust output as well as
various unsteady conditions such as throttle transients, formation
flight, and changes in attitude. In addition to gross and net thrust
for both the TIW and PTA method, speciflic fuel consumption, total englne

pressure ratic (FT7/P0O) and ram drag were avallable for analysls.
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RESULTS AND DISCUSSION

Samples of the reﬁulfs obtained from real-time data are shown
graphically in Figures 6 through 9. These include steady and unsteady
engine conditlions and parameters of Interest to the test and evaluatlion
engineers. These plots were generated post-fllight for lilustrative

purposes but represent actual réal-flme data.

Two level accelera*rdn-funs at 30,000 feet were made during
fiight number 412 of the DEEC program. These two runs were made back-
to~back and.represenf similar test day condlitions. The first of these
runs was a ﬁllfféry_pover‘accelera+ion run. This was followed by a
maxlmumfpgéﬁcf:fbfl-affer—ﬁurnlhg acceleration run,

Ff§ﬁé€§.6uand-7 are plots of gross thrust versus Mach number for
the two runs. 'Both plots Iflustrate the general tendency for the two
gas génerafdr methods to converge to the same thrust values as the run
proceeds. This waé probably due to the transition from unsteady to
steady énglne éondifions»durlng the Initlial part of each run since
callbration of the two methods was made only at steady-state oberaflng
condl tions.

Time historlies of the gross thrust and the parameters fuel fiow,
ram drag and pressure ratlos are shown In Figure 8 for the 30,000 feet,
maximum power acceleration. At the start of this acceleration, the

greatest disagreement between the two gas generator methods s noted.

18
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Flgure 6. 30K MIL Power Acceleration (Thrust vs. Mach Number)
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Figure 7. 30K MAX Power Acceleration (Thrust vs. Mach Number
This Is the resuit of the engine operating at an unsteady state
conditlon. The engine Is reacting to fﬁe Initlal Increase In power
setting gnd Its corresponding Increase In airflow and fuel supply.
the run proceeds and the englne approaches a more stable operating

condition the two methods converge toward the same thrust values.

19
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The two pressure ratlos shown In Figure 8 represent engine

pressure ratlo (EPR = PT6/PT2) and nozzle pressure ratio (XPR =
PT7/PTO). Nozzle pressure ratio Is an Important parameter Iin both gas
generafo& calculatlions énd Increases wlth thrust as expected. Englne
pressure ratio decreases due to the relatively large Increase In
compressor Inlet pressure (PT2).

All runs showed an Increase In pe%formance, particularly in
maximum thrust, over standard F100 engines. This s also Indicated by
an Increase In acceleration. Augmented net thrust was much greater than
primary net thrust at aill altitudes, ranging from 2 to 3.5 times these
values. In gépé;al. net thrust increased with Mach and decreased with
alt!tude. Fué;fcénsumpflon showed similiar tendencies wlth augmented
fuel consqnpfioh-ranglng 5 to 6 times greater than maxi{mum non-augmented
fuel consqmp+fdn. Engine fan rotor speed was reléfivelf constant during
?he~ac¢e}erétfbn runs with very |ittie differences between the corre-
spohdlhg”values a+-m1llfary and maxlmdm power. These results agree
c!9§ély to the bredlcfed performance velues given in Reference '0 for

stéﬁaary day conditions.

Unsteady Throttie Settings

| In addlf!oﬁ +§ the acceleratlion runs, time history plots of a
variety of transient throttle settings were made to evaluate the
agreement between the two gas generator methods during unsteacdy engine
oﬁeraflons. The results, shown In Flgures 9, indlcate good correlation
for this case. The correlation was significant since the performance
deck was Intended for steady state englné operations and not calibrated
In a dynamic environment. These plots also gave an important measure of

the response time of the engine and indicate a slight time lag between
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throttle Input and thrust output. This lag In response time could be
very Important to the safe operation of the aircraft, particularly when

quick dynamic responses'are required such as during formation flight.

Near Reai-Time Thrust Plots

To ald In the performance analysls during a test flight, hard
copy plots such as the one shown In Figure 10 were avaliable shortiy
after any maneuver. This plot Illustrates a 30,000 foot acceleration
run at mllltary power. The difference between the two methods at the
beg!nntng of the test run could be due to non-stable engine conditions.
Thls represented a case In which real-tlme thrust computation data cduld
be used by the test engineer to request a repeat of the acceleration run

to obtain closer agreement between the two me+h6ds.

Time (sec)

Figure 10. Near Real TIme Thrust Time History

Accuracy and Uncertainty

The accuracy of the actual gross thrust calculation was primarlly

dependent on three factors: (1) the accuracy of the input data, (2) the
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accuracy of the thrust model and (3) the accuracy of the calibration
coefficients. Reference 7 found the model gross thrust uncertainty to
be as M.gh as 5.2 percent, but generally below 3.8 percent during

al titude facillty calIbrations. The uncertalinty dropped subsfanflal(y
with Increasing thrust. The facility test also found the overal |
agreement between cel |-measured thrust and calculated thrust for engine
P680Q6§‘fo be -1.5 percent for gross thrust (Reference 6). The results
weré lesS~fhah'tB percent for the maxlmum attainable power for eech
fesf condlflon agaln showing marked increase in accuracy with lncreaslng

fhrus?

qupuso It ‘'was Impossible to directly measure in-fiight thrust, a
conpgflson was made between the two calcuiated thrust methods and the
- predicted thrust from the engine manufacturer's simulation deck,

R§f§h§p¢q‘1l.: The resulf ls shown graphicaily In Figure 11 for a 40,000

‘er- celeraflon run. Predicted *hrusf was calculafed

usingﬂpiﬁi imum of [nguttsuch>as test day altitude, Mach number,
“air recovery. With this limlited input the
: complé*ély modeled all the major englne cdmbéhénfs

lncludln' fhe_fan. compressor, combuster, turblines, afterburner and

nozzle. Thls accumulafed data was used to calculate overall engine
perforMance.

The agreement between the predicted and real-f;me calculated
thrust was within two to five percent of each other. The predicted
thrust was almost a constant 400 ibs. less than the reali-time data
except at the beginning of the run, Thlé was because the empirical data
tables within the simulation deck were obtained from a degraded F-100

engine and did not completely predict the full thrust output of a normal



engine. The overall results gave conflidence to the accuracy of the

real-time thrust calculation,

25 x 10 —
—O——— Predicted - Simulstion Deck
-~a---- Resltime - TTW Method
—43-'-su-»um--PTA|u-enm
20— '
Maximum Power
"p. P
40,000 ft
Net 18 }—
Thrust
LB
10 —
51—
9 1 | i i | J
0 4 8 12 1.6 20 24

Mach Number

Figure 11, Predicted vs. Calcuiated Net Thrust

To further evaluate the accuracy of the data a comparison was
also made between the predicted uncertainty of the manufacturer's
original thrust deck (Reference 3) and the percent difference In thrust
between the two methods. The results obtained for the 30,000 fooft,
maximum power acceleration run discussed previously are shown In Figure
12, The predicted uncertainties are based on a root mean square calcu-

lation of thrust uncertainty due to the uncertainty In Input parameters:
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where
8 _ .
ZZZ Predicied = AUPTA) + UTTW)Y
s O Caiculated = (FG(PTA) — FG(TTW)) / FG(PTA) x 100
2 -

0

2

4 o 30,000 ft, Maximum Power

0 I SRS NP NN S RO RN SR B B
o 2 4 8 8 10 12 14 15 18 20

Mach Number

Figure 12. Difference Between PTA and TTW Calculated Thrust and
Predicted Uncertalnty
The uncertalnty of each method, glven by the root-sum-square
comblnation of the Independent thrust uncertainties. U] Is the
percentage sum of the dlfference between the actual calculated thrust

and the uncertalinty thrust FGI. The uncertalinty thrust values were

calculated by Independently varying each input parameter by Its uncer- '

tainty. The uncertainty of the independent variables Is given In Table

3 along with the resuiting calculated gross thrust uncertalnty for a
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variety of operating condltions, fn general the uncertaintlies tended to
decrease with [ncreasing mach number, alflfude and power setting.

The farge difference between the two methods In Figure 12 at the
beginning of the run may be due to the transfent time required fo? the
engine to stabilize at a steady-state condition. This was also the area
of lowest thrust that was found during al titude testing to have the
highest model uncertainty and the greatest deviation from measured
thrust. Above Mach one the results were within the predicted [(mits of
$2.5 percent and shqued,excellenf agreement near the magfmu;A+hrusf

output. This agrood with the results found during aftitude~facillty

testing.

The potential of real-time computing Is almost uniimited. It's
time and cost saving advanfégbslhaVe [ed-NASA to pursue more and more
capacity. Figure 13 shows:héﬁﬁfhe reai-time engline performance will
eventual ly evolve +o Tﬁe“géal of reai-time aircraft performance. |
Uitimately there Is alneed to accurately calculate iift and drag real-
time and correiate them to sfandard day conditions for comparison to
wind tunne{ and theoretical values. This breakthrough should set a
precedent for future real-time computer appiications. Implementation of

a real-time performance program (s an [mportant step in this direction.
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CONCQLUSIONS

This thesis has verlfied the practicality and advantages of
implementing a real-time Inflight thrust calculation on the DEEC F100
Engine. The use of the DEEC computer greatly aided In the success of
this project and allowed real-time thrust to be c?lcula+ed with no loss
in accuracy from prevloué post-flight methods. Results showed good
.agreemenf with previous predicted performance and uncertalnty values and
Indicate an (ncreasg In accuracy v!fﬁ an increase In-flight mach number,
altltude and power setting. |

Real-time thrust was a majpr,ad#ancemenf In fiight test produc-
tivity and efficlency by Increasing alrcraft diagnostics capabilities
refated to performance, resuiting In docreasqd;a(réraffAdqunflme and
post-flight data reduction requlreﬁenfs. This should reflect a
significant financial savings. The real-time thrust analysis has nelped
greatly In the performance analysls of the DEEC F100 engine and should
eventual ly lead to more advanced alrcraft performance programs setting a

precedent for future test f|ight projects.
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