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Abstract

Many types of hybrieklectric propulsion systems are currently being investigated because of their
potential application to sustainable aviation @ineir contributionto muchneeded atmospheric
benefits.Such enginesnust be integrated closely with therfeame. A leading contender from
2016 is theNASA STARA@BL aircraft,which is powered partly by singleelectricfan, located
around the rear of the fuselagehe electric fan is driven by power extracted equally from two
primary turbofansmounted conventionally beneathohwing. These enginealso provide the
remainder of the thrust.

This Request For Proposal asks you to design a new hgledttic propulsion system for the
NASA STAR@BL with the same configuratioA significantfeature of the aft fan igheingeston

of low-speedboundary layerir from the aircraft fuselage, so you are asked to discuss the merits
and practical challenges that this concept presents.

The baseline engine for this study is a generic model ofC#M56-7B24 constructed from
publicly availableénformation Details of thismodeli built at sedevel static operating conditisn

- are providedo assist youGeneration of your own version of the baseline engine is mandatory
and is deliberately set fwovide training and experience in generating a modefuhatiors and
looks right Your baseline modeill also beneecad toobtainthe thrust required for the new

hybrid-electric systemwhich is to be designed foruise conditionst 35,000 ft, Macl®.8.

Examine a select matrix of new hybsdectric propulsion systems to determine the mass and
performance trends in order to select your best candidateparetie performance and total fuel
consumptionof each of youmew candidatehybrid-electric propulsion systemsver a typical
mission with that of the baseline engine modeit the aircraft conditianChoose your best
candidate based on fuel burn over an assumed simple missibile also consideringthe
complexity and cost ofour design Finally, run your selected hybrelectric engine offlesign at
sealevel takeoff conditions and compare the overall net thrust to the aircraft with that from two

baseline engines.



This competition is intended to expose students to the tradiestand conceptual evaluations that

are the foundation of gas turbine engine preliminary design. Showing evidence of a thorough
design space study and justification for the final selected design will be more highly weighted than
detailed assessment o§pecific component.
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1. Introduction
1.1 The Aircraft

Interestand investmenin hybrid-electricpropulsion systesihas grown substantially in the past
ten years or so owing to their potential application to sustainable aviaticsigaiitcantbenefit

to atmospheric conditions through ftgglvings A leading contendefrom 2016is the NASA
STARCABL with a single large aft fafocated around the rear of the fuselagkich capturesa
largeannularportionof therearfuselageboundary layef1]. The aircraftis shown inFigure 11,

as well as on the front covemdits propulsiorsystemis the topic of this RFP

Figure 1.1: The NASA STARGABL Aircraft

The aircraft is a singtaisle, 180-passengecommercial transpartvith an entryinto-service date
around 2035lt is a future version of aurrentBoeing 7378000r Airbus A320 powered byeither
two CFM56-7B24 two IAE V25000r two Pratt & Whitney PW1000@&irbofanengines.

1.2 The Engines

We choose a generic model of t#M56-7B24 as our baseline engindhe model was

constructed usingsasTurb 14, basedon data available to the publj@]. It is not especially



accurate; sveral educated guesses and many trial and error iterations were used in its generation

and the cold nozzle is¢ best that could be achievadtrentlywith the software
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Figure 1.2: CFM56-7B24 CrossSection

Figure 1.2 is a crosssection of theCFM56-7B24 which illustrates th8ow pathgeometry major
turbomachinery assemblies, stage coantsthe generdd¢vels offlow temperatures encountered

Table 1.1summarizesome major desigieatures

The overall length 98 inches as publishédi s a -io-f | ange o m&/aknowthe me nt
fan tip diameters 62 inchesandwe canestimate that the quoted length of 98 incb@sesponds

to the distanceetween A and B, the locationstbk flanges indicated ifrigure 1.3 upstream of

the fan leading edge and downstream oflLtReurbinerea frame This is considerably less than

what anyonewould refer to aghe overall length of the engih8o, & you can seengine length

can be interpreted fairly looséli#ven though we aralwaysconcerned with the accuracy of the
model s we p r od too mychatoet thétsve all knbw what we are trying to

simulate

The dry weightof 5432lbm, published in2], excludes the inlet, the tailpipe and the nozzte

we will allow for this laterin the discussion ofable 3.3, Subsection 3.10when we estimate the



net mass factdhat accounts for the secondary systems outsidéothgaththat are noaccounted

for directlyin our preliminary desigactivity.

Engine Type Turbofan
Number ofCompressofStages (Fan, Booster, HP) |1, 3,7
Number of Turbine Stages (HP, LP) 1,4
Combustor Type Axial annular
Max. Power atSea Level 24,000 Ibf
Specific Fuel Consumptioat Max. Power 0.37 lbm/hr/Ibf
Overall PressurRatio at Max. Power 26

Bypass Ratio at Max. Power 5.3

Max. Envelope Diameter 65 in

Max. Envelope Length 98 in

Dry Weight Less Tailpipe 5,234 Ibm

Table 1.1: Features of the CFM58B24 Engine(Reference 2
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Figure 1.3: CFM56-7B24 CrossSection withfiFlange-to-Flanged Measurement Location

1.3 A Hybrid -Electric Propulsion Systemfor a Commercial Transport

The study of various forms @fectrically propelledircraft has become increasingly important in

thequest for lower consumption of carbbased fuel§3]. Someelectrified aircrafprograms have

focused ontotally electricsystemsthat usebatteriesbut these have been limited essentially to
commuter, ordemand mobility and air taxi services, mainly hessaof the excessive weight of

batteries and thecurrent low power densityt is recognized tha significant impact on global

emissions will not be felt untduch engineare widely used in commercial jié¢ets[4]. Currently,

ratherthan beingtdtg e | ect ri ¢, the most promisinggasoncept

turbines and complementary electric propul§osystems referred to &ybrid-electric engines

| f we make realistic assumptisnst eathsosgaanyd he

electrically driven fan, t hdnfacty@mcel It her aidsle t
compl exi ty, wei ght and cost are accounted for
hybrid.Tchoen cregpitn bemeffirtommwmstbeddmr i ntlkegtrati on
| ocati on amec afuusnec tiitoni s béerefeinabimeagnif 8 e me lhred
|l ayer i ngestieotntle f@roewn ifnlwethwicaus BBEMbi nati on o

conventmaornyalgapsr it ur bi ne engi ntelsanuseesd st d odurnidvae

ailr
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2. Design Objectivesand Requirements

2.1 The New Propulsion System

A hybrid-electric propulsion system is to be desigf@dthe NASA STAR@BL Aircraft It is to

be based otwo new conventional turbofan engines carried on pylons beneath the Woger

is to be extracted equally from the primary engines to drive an electric fan, metatésaround

the rear of the fuselag&he electric farningestsa substantial portiorof the annularboundary
layer. Figure 2.1lillustrates the installation of the electric fan in the NASA program [1] and
contains typical diameteend a lengthThe fan hub/tipradiusratio is 0.283, but thalimensions

of your fan do noneed to be the sam#ust take a look at the exterior oBaeing 737 800o0r an
Airbus A320but note thatin the NASA STAR@BL, the elevatorare locatedat the tip of the

vertical stabilizerso their wakewvill notbeingested by the fan

[« 111" >

Figure 2.1: Assumed Geometry of Rear Fuseladég
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Figure 2.2 Boundary Layer Captue[1]

Figure 2.2has also been taken from [1] and it reflects the observation thiathe NASA baseline
casei roughly 72% of the boundary layer momentum is captured when roughly 48% of the
boundary layer thickness is ingesté@this provides us with amdication of the average velocity

of the inlet flow of the electric fawhen the aircraft is in motion

2.2 General Objectives of the Engine Design Competition

The competition is intended to simulate a preliminary design project in industry. Thdiwdgec

are

1 To conduct a broad study of a matrix of engine designs using cycle and performance studies
in order to determine how to focus the remainder ohthe engingrogram

1 All candidate engines in your program should be designed to the same level by estimeating
performance ofindividual major components and tiie overall systemTheir weights &
dimensionshould also be estimatealith thedisksbeing sizedvith acceptable stress margins
since they contribute substantially to the overall méks overall fasibility of eachconcept
should be assessaitb theyeachfit together and operate as intended?

1 Each of your candidate engines should be flown over a simple mission so that weight (more
correctly mass) can be traded against performance and fueltdaranlikely that the lightest
propulsion system will consume the least fuel, so you will need to choose the best

Acompr omi s e groposgmyow compamasatcandidatdo be considerefibr more
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detailed design wotkThe quality of your proposah Round 1will establishthe confidence
level for the investment ofompany resources.
T Round 2 of the competition serves as a desi i

the three most promising candidates will be ranked.

At this point, the buddes extremely tight and the risks are very high. No one is prepared to extend
the exercise beyondD (cycle studies) and-D (meanline studies®-D throughflow solutions are

also unnecessarilothing isto be generated in 3 dimensions. Even though luéipes exist to
produce elaborate-B assembly drawings, these are inappropriate because notiiinge
designed in D yet, and CFD is certainly not applicable the RFP, you are not being asked to
demonstrate how much you know; you are being asked to apply only a certain amount of it and to
focus that knowledge on the project in hand. The intention of the RFP is to provide a vehicle to

help you learn and buildonfidence in applying importabgsicpropulsion fundamentals.

Teams are limited to 4 people. This allows all team members to experience all aspects of the project
fairly closely, while focusing on a specific part of it themselvésamwork in action! @ enable

the project to be completed within a reasonable period, the project is deliberately restricted to
preliminary designlf there are 6, 7 or 8 people who wish to participate, you have 2 teams! We

can make an exception on team head count to accontenadadditional member. Just ask.

2.3 Some Specific Instructions

1 Based on the entspto-service datewhich is 2035,development of new materials and an
increase in design limits may be assumed
1 T4 may be increased 8150R.
o Consider the use afabon matrix compositesiithe HP turbineCarefully justify
your choices of any new materials, their location and the appropriate advances in
design limits that they provide
T3 mayberaised t01620 R.
Design proposals must include engine masgjne dimensions, net thrust values, specific fuel
consumption, thermal and propulsive efficien@esruise andakeoff. Details of the major

flow pathcomponents must be givehhese include simple paralleinlet (not the nacellg)
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fan, boosterHP compressor, comistor, HP turbine, LP turbine, exhausizzle, bypass duct,
and any intecconnecting duct€Examples of velocity diagranisr only the turbineshould be
included to demonstrataeir viability. This is notnecessary for the compression system



14

3. Baseline Engine Model

3.1 Take-Off Conditions: The Design Point
A generic modebf the CFM56-7B24has been generated frgrablicly available information2]

usingGasTurb4 [5]. Details of this model arprovidedto assist with construction gbur own
baselinemodelto provide some indication of typical values of design parameters.

@) %@@ 16)(18
2013
L 12)@5 (5)(e (®)

/} 41
1 3314
-ﬁ

recirculating | {HP leak to LPT exithy 0%
Jo
; a b
handling bleed
1 [~
0% c
LPT NGV Cooling
| =1 15%
LPT cooling
0.5%
leakage from bypass overboard bleed a HP leakage to bypass 0%
0% Olb/s b NGV cooling 49
0% ¢ HPT cooling 5%

Figure 3.1: Turbofan Engine Schematiowith Calculation Stations &SecondaryFlows

Figure 3.1 contains ajenerakchematic with relevant station numbangl secondary flow data for

a noraugmented turbojet engine
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3.2 Overall Characteristics

Major Design Parameters
In aturbdan engine,four primary design variables atarbine entry temperaturd4), overall
pressure ratio@PRor P3/P2, bypass ratio and fan pressure raR@1/P2. For two spools the

optimum energy division must be determined.

Property Unit Value Comment
Intake Pressure Ratio 0.99

No (0) or Average (1) Core dP/P 1

Inner Fan Pressure Ratio 1.4
Outer Fan Pressure Ratio 1.6
Core Inlet Duct Press. Ratio 0.99

IP Compressor Pressure Ratio 1.81
Compr. Interduct Press. Ratio 0.98

HP Compressor Pressure Ratio 10.5742
Bypass Duct Pressure Ratio 0.98
Turb. Interd. Ref. Press. Ratio 0.98
Design Bypass Ratio 53
Burner Exit Temperature R 2800
Burner Design Efficiency 0.9995
Burner Partload Constant 1.6 used for off design only
Fuel Heating Value BTU/Ib 18552.4
Overboard Bleed Ib/s 0
Power Offtake hp 150

HP Spool Mechanical Efficiency 0.99
Gear Ratio 1

LP Spool Mechanical Efficiency 0.99
Burner Pressure Ratio 0.96
Turbine Exit Duct Press Ratio 0.96

Table 31: BasicCyclelnput

Table31li s t he A B atlkedesignlpoin af &asTufb#d model of thegenericCFM56-
7B24baseline All four primary design variablegre input the overall pressure ratibeing made
up from thefan, the booster anthe HPC along withthe intercompressor duct loss. Wasan
estimaed value.To generate an acceptable replica of the engyete a unique combination of
the remainder must be estimated iteratively using the net thiw)sdrid specific fuel consumption
(sfo) atdesignconditions as targetBy definition, this @erating condition also correspondshe

entry poinsto any component performance magsi this shoulde the case for your new engine
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The next four parameters relate to the primary combustor; they are all fairly conventional values
by modern staratds The burner efficiency of 995% is currentconventional valueA burner
pressure losef 4%is given up willingly to pay for complete mixing and efficient combustion, so

this should be retained h e b partioadrconstart i s an el ement i n the
efficiency discussed in tieasTurb¥ User Guidg5]. Without expert knowledge, this is best left

aloné

Secondary Design Parameters

Cooling Air: HPC air isbled rom compressor deliverio cool the HP turbine vane and blade

Fully compressedir isan expensiveommodity, but this is the only source that offers sufficient
pressure to permit to coolant to be delivered to the hot vane and blade and emerge from their
surfacesThis is aidedby the pressure loss through the burh@notherreasonwe can tolerate

combustor pressure losses.

Property Unit Value Comment

Rel. Handling Bleed to Bypass 0

Rel. HP Leakage to Bypass 0

Rel. Overboard Bleed W_Bld/W25 0

Rel. Enthalpy of Overb. Bleed 1

Recirculating Bleed W_reci/W25 0 Off Design Input Only
Rel. Enthalpy of Recirc Bleed 1

Number of HP Turbine Stages 1

HPT NGV 1 Cooling Air / W25 0.04

HPT Rotor 1 Cooling Air / W25 0.05

HPT Cooling Air Pumping Dia in 0 Calculated in HPT Design
Number of LP Turbine Stages 4

LPT NGV 1 Cooling Air / W25 0

LPT Rotor 1 Cooling Air / W25 0.02

LPT NGV 2 Cooling Air / W25 0

LPT Rotor 2 Cooling Air / W25 0

Rel. Enth. LPT NGV Cooling Air 0.6

Rel. Enth. of LPT Cooling Air 0.7

Rel. HP Leakage to LPT exit 0

Rel. Fan Overb.Bleed W_BId/W13
Core-Byp Heat Transf Effectiven
Coolg Air Cooling Effectiveness
Bleed Air Cooling Effectiveness

e I e R e Y e ]

Table3.2 Secondary Air System Input
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Turbomachinery Efficiencies Efficiency values may be enteredirectly via respective tabs on

the inputscreenAlternately, they may be calculated, based on aerodynamic and geometric data.
Regardless of the input method, their values are giv&alite 3.4 The designer has the choice of
either isentropic or polytropic values, so he or she should be cefthieir applicability and their
definitiond However, aotheravailableoption allows GasTurld4 to calcubte efficiencies fsm

data suppliedCompressorstilize a NASA approach[6] but turbines firstestimae prevailing
values of stag loading and flow coefficientsr usein a Smith Char{7], assuming an equal work

spilt between stageShis is a most convenient approach to turbine performance since various
updated versions of th®mith Chartare availableMore will be said about this topic iBub
sections  and3.11

Power Offtake All engines have power extractedsually fromthe HP spool via a tower shaft

that passes through an enlarged vanstrutin the main framé to power aircraft system%his

is often preferred to the use of a separate auxiliary power unit, depending on how much power is
required We have selectedraminal power offtake of B0 hp from ourbaselineengineand this

is indicated in the performance summary able.3.4. Modern engines tend to use a lot of this, so

you might like to consider this issfigr your engine ananission

Dimensions: Diameters & LengthsThe engine cycle may be defined purely on the basis of
thermodynamicsWe def i ne a A r u pwhere perlormagncensedeliveredtarmsi al | y
of a net thrustt cruise- close t024,200 Ibf given in Table 1.1 once the engine scale has been
determinedFor our baseline model,enalso hd a targetdimensional envelopdefined inTable

1.1, namely a maximunfan diameter of65 inches and a length & inches We have already
discussed the mésiof the latterThe diameters determinedrom the mass flow ratand the Mach

number at théanface the length is dealt with by manipulation of vane & blade aspect ratios and
axial gaps in the turbomachinegnd by suitable selection of duct lengths, usually defined as
fractions of the corresponding entry ra@ince the correct thrust has been reached, the maximum
radius is determined by setting an inlet radius ratio and then varying the Mach number tat entry
the LPC. These values are input on the primary input screen under the LP compabssanere

a Mach number of 68 was found to be appropriatf ai r 1y | ow by anadidayds

shown inTable 3.7 This sets the general radial dimension fog tomplete engine, although in



fact downstream of thian and boosterthe entry radius of theP compressor is also determined

by input radius ratie andavalue of local axial Mach number givenTiable 310.
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Name Where it is Design Mach No Design Area
St2 Fan Inlet Calculated by LPC Design
St22 Booster Inlet 0.5 0

St24 Booster Exit 04 0

St25 HP Compressor Inlet Calculated by HPC Design
St3 HP Compressor Exit 0.25 0

St4 Burner Exit 0.1 0

St44 HP Turbine Exit Calculated by HPT Efficiency
St45 LP Turbine Inlet 0.35 0

Stb LP Turbine Exit Calculated by LPT Efficiency
St6 Exit Guide Vane Exit 0.45 0

St8 Core Nozzle Throat 0 0

St13 Bypass Inlet 0.55 0

St16 Bypass Exit 0.5 0

St18 Bypass Nozzle Throat 0 0

Table 3.3: Stations Input

The HP &LP turbine radii follow from the exit values of the respective upstream compoRents

the ducts, radial dimensions are keyed off the inner wall with the blade spans being superimposed
For the overall engine length, early adjustments are made by eygefiglynal philosophy is that

if it looks right, itdéds probably OK!), with
is approached/Vhen modeling an existing engir@asTurbX enables an available cross section

to be located beneath the modeal, that the model can be manipulated via numerical input or
slidersassigned to input parameters, until a satisfactory match is achidwedegree of success

can be seen iRigure 3.4 wherethecross section frorfigure 12 may be seen behind the model.

Materials & Weights Use was made of the materials databasgeasTurb, where, in fact, the
default selections were retaineBor proprietaryreasons,many advanced materials are not
included Examples of these are: patgric composites used in cold parts of the engine, such as
the inlet and fan; metal matrix composites, which might be expected in the exhaust system; carbon
carbon products, again intended for use in hot sectdlh®f these materials are considerably

lighter than conventional alternative®yithin the component models, material densities can be
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modified independently of the databagéhile this was never implemented for our baseline, you

may find it useful for your contemporary designs.

Component weights are calculated by multiplying the effective volumes by the corresponding
material densitie<Of course, only the major elements waliiare explicitly designed are weighed
and there are many more constituehtsts, bolts, washers, seals and other much larger elements
such as fuel lines, oil lines, pumps and control systems still must be accounbedhidustry, this

is done by the@plication of a multiplier or addeo the predicted net masshose value is based

on decades of experiende obtain what is designated in the output as the total. imageneral,

a multiplication factor of 1.3 is recommended in GasTurb® manual, ot we used aspecific

value offinet mass factar Talle3.23 to reach the overall mass target

Performance A summary of thgerformanceutput for thegenericCFM56-7B24model for the
design point astatic takeoff is given inTable 3.4 The net thrust is withiti% of the targetThe
predicted specific fuel consumption of &i8 very close tdhetargetvalue of 137 in Figure 1.3

See what you caproducein your baseline model!

A different formatof thermodynamioutputis contained ifmable 3.5 Local values of mass flow
rate, temperature, pressure, velodigw patharea, axial Mach number, and radiogether with

their axial locations are especially useful.
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w i P WRstd

Station 1b/s R psia 1b/s FN = 24227.50 1b
amb 518.67 14.696 TSFC = 0.3637 1b/(1b*h)

2 751.000 518.67 14.549 758.586 WF = 2.44744 1b/s
13 631.794 601.31 23.278 429.463 s NOX = 0.8197

21 119.206 576.73 20.369 90.693

22 119.206 576.73 20.165 91.610 Core Eff = 0.4506

24 119.206 692.01 36.498 55.441 Prop Eff = 0.0000

25 119.206 692.01 35.768 56.573 BPR = 5.3000

3 116.822 1394.29 378.223 7.442 P2/P1 = 0.9900

31 106.094 1394.29 378.223 P3/P2 = 26.00

B 108.541 2800.00 363.094 10.207 P5/P2 = 1.7695

41 113.309 2745.66 363.094 10.552 P16/P13 = 0.9800

43 113.309 2116.12 99.439 P16/P6 = 0.92304

44 119.270 2082.27 99.439 P16/P2 = 1.56800

45 121.058 2069.14 94.639 37.546 P6/P5 = 0.96000

49 121.058  1550.17 25.745 A8 = 375.29 in2

5 121.654 1548.49 25.745 119.989 Al8 = 1328.98 1in2

8 121.654 1548.49 24.715 124.988 XM8 = 0.90884

18 631.794 601.32 22.813 438.228 XM18 = 0.81826
Bleed 0.000 1394.29 378.222 wBld/w2 =  0.00000
-------------------------------------------- CcD8 = 0.99248
Efficiency isentr polytr RNI P/P CD18 = 0.99099
Outer LPC 0.9000 0.9064 0.990 1.600 PWX = 150.0 hp
Inner LPC 0.9000 0.9047 0.990 1.400 v18/v8,id= 0.57407

IP Compressor 0.9208 0.9271 1.210 1.810 wBLD/W22 = 0.00000

HP Compressor 0.9000 0.9260 1.727 10.574 wreci/w25=  0.00000
Burner 0.9995 0.960 Loading = 100.00 %
HP Turbine 0.8846 0.8679 3.526 3.651 WCHN/W25 =  0.04000

LP Turbine 0.9218 0.9090 1.271 3.676 WCHR/W25 =  0.05000
-------------------------------------------- WCLN/W25 =  0.01500
HP Spool mech Eff 0.9900 Nom Spd 14461 rpm WCLR/W25 =  0.00500
LP Spool mech Eff 0.9900 Nom Spd 5173 rpm WBLD/W25 =  0.00000
-------------------------------------------- wLkBy/W25=  0.00000
P22/P21=0.9900 P25/P24=0.9800 P45/P44=0.9517 wlkLP/w25=  0.00000
hum [%] war0 FHV Fuel

0.0 0.00000 18552.4 Generic

Table 3.4: Baseline EngineModel Output Summaryat Take Off
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Units St2 St22 St24 St25 St3 St4 Sta4 St4s StS Sté St8 St13 St16 St18
Mass Flow Ib/s 751 119.206 119.206 119.206 116.822  108.541 11927 121058 121654 121654 121654 631794 631794 631.794
Total Temperature R §1867 576.727 692.01 692.01 1394.29 2800 208227 2069.14 154849 154849 154849 601314 601.314 601.316
Static Temperature R 485923 549.369 670683 665234 137884 279591 202318  2030.26 1523.83 1497.56 1357.29  S67.151 §72.802  530.498
Total Pressure psia 14549 201649 364985 357685 378223 363.094 994395 946395 25.7447 24715 24715 232784 228128 228128
Static Pressure psia 11.5834 17.0011 326988 31.1399 362606  360.755  88.0955 87.383 241496 216315 14.696 18.9559  19.2349 14.696
Velocity f/'s 626.834 574435 S07.184 568.287 448.079 249192 923.763 749.128  580.681 834534 1609.36 641.917 58643  923.892
Area in* 268144 357.763 257199  239.077 528933  180.101 158.196  200.311 705277 538424 372467 1571.09 171168  1317.01
Mach Number 0.58 05 0.4 0.45 0.25 0.1 0.432339 0.35 0.310566 045 0.908838 0.55 0.5 0.818261
Density b/t 0.06434 0.083527 0.131591 0.126344 0.709794 0.348263 0.117527 0.11617 0.042775 0.038987 0.029224 0.090211 0.090636  0.07477
SpecHeat@T BTU/(b*R)  0.240085 0240577 0.241909 0.241908 0.261151 0.30316 0.288843 0.288391 0.273874 0273874 0273874 0.240861 0.240861 0.240861
SpecHeat@Ts BTU/AIb*R)  0.239981 0.240261 0.241663 0.2416 0.260663 0.3031 0.287463 0.287484 0273076 0272227 0.267507 0.240467 0.240532 0.240123
Enthalpy @ T BTU/Ib -431602 965097 374383 374383 213458 625494 411162  407.201 260.585 260.585 260.585 15.5774 155774 155778
Enthalpy @ Ts BTU/b -12.1681 3.0567S 322978  30.9845 209446 624.253 394108 395986  203.847 246668 208826 7.34288 8.70492 -1.47999
Entropy Function @ T -0.11924 0252694 0.89265  0.89265  3.43965 6.44701 5.15293 $1243 393608 3.93608 393608 0.399306 0.399306 0.399316
Entropy Function @ Ts -0.34719 0.082028 0.782718 0.754073  3.39749  6.44055 5.0318  5.04453 387212 380282 3.41625 0.193897 0.228713 -0.040432
Exergy BTU/Ib -0.357633 11.9898  38.1179 37.399  206.708 510.28 29591 291208 140.549 139.096 139.096 17.8084 17.0895  17.08%6
Gas Constant BTU/AIb*R)  0.068607 0.068607 0.068607 0.068607 0.068607 0.068606 0.068606 0.068606 0.068606 0.068606 0.068606 0.068607 0.068607 0.068607
Fuel-Air-Ratio 0 0 0 0 0 0.023069  0.02095 0.020634 0.020531 0.020531 0.020531 0 0 0
Water-Air-Ratio 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Inner Radius in 993653 146073 143152 831609 845126 128945 128945 128945 135392 13.8392 8.32142 19.4153  21.2094 21.2106
Outer Radius in 30.8588  18.0901 16.9344 12.0523 9.39978  14.9531 147181 15.1667  20.1942  18.8334 13.737 29615 315386  29.5451
Axial Position in 221757 221757 46.065 58.0897 80.9547 922522 952796 96.5433 108329 127514 143.572 439119 699747 108.265

Table3.5: Baseline EngineModel Detailed Output

A plot of thebaseline enginmodel appears iRigure 3.3and as stated earlier, a comparison with the prototype cross section is shown
in Figure 3.4. Figure 3.4bis an over/under plot which compares the engine cross section with the model in a clearer(faunaee.
requested to generate this type of plot of baseline versus new engine in your pr@aosaability to modelneither the hot nor cold

nozzles isapparent but the absolute accuracy of the baseline engine model in this exercise is of little consequence.
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Figure 3.3 Baseline EngineModel Cross Sectiorirom GasTurbl14




