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Prestudy on Expendable Turbine Engine for High-Speed
Vehicle

Youll Kim*' - KiYoung Hwang*

ABSTRACT

A prestudy on expendable turbine engine for high-speed vehicle was conducted. The two
possible mission profiles were established to decide the engine requirements and Design Point,
and Design Point analysis was performed with the values of design parameter which were
obtained from similar class engines and technical references. The results showed that Specific Net
Thrust is 2599.4 ft/s and Specific Fuel Consumption is 1.483 lb/(Ib*h) at the flight condition of
Sea Level, Mach 1.2. It was also found through the performance analysis on the two possible
mission profiles that major design parameters for determining Net Thrust were Turbine Inlet
Temperature for low supersonic flight speed and Compressor Exit Temperature for high
supersonic flight speed. In addition, simple turbojet engine with axial compressor, straight
annular combustor, axial turbine and fixed throat area converge-diverge exhaust nozzle was
proposed as the configuration of simple low cost light engine.

B
I

Z34 vdgAe A§ 7hed AR HYAR QRS 93 ARHAFE FIEAT dF 2=
2 AAM AAS % M SEUFILS A, FAE XY FuEd 58 58 FrE
ol E &8st AAA M-S FIdsA=, UILE, vt 1.2 214 ERIYF2E 3,600
Roll tist AAA AAR, vFE 25994 ft/s, MIAFAREE 1483 1b/(Ib*h)o] «S= Atk AAH
AMARE 71Fog F 7kA 95 P4 Ui AR Aesiddy, dF A &35S AHse A
AMTFE o4 2 3 2359904 BHUYTFRE, 58 284 d9dMs 457 7L
Pe FAsAL olvtelx w, AVl A dXFFo FHY gadH7]d AFE Axv), 1
S 2REN, 14 $39% =20 188 GeHRAEARS A

Key Words: Expendable Turbine Engine(AXA EJRIAIZ), Zi14 HYA|(High-Speed Vehicle),
Y-8 d(Mission  Profile), 274 (Design Point), EWYJT-2%(Turbine Inlet
Temperature)

* ST 15

t 22142}, E-mail: yikim@add.re.kr 1. M =

— 629 —



IWrH o watg 2 oo s wlFA F
A71#0 2 AU FAE, 2THPAE A3
S Agsle] g3ty 1Y o5 FA/BS
A4 wols e o nlge] Erbe
o] WA F, ol FERE F4 T gEIt B
Vedtth B3 FAEAR] FS AR AT
A& vgA 2NEEE visle 2501402 E
ol7] flsiMe d¥e R2HE ZAREY I

834t

oy dHe xS mlsiToly v
TeledyneAl, Rolls Royce
Technologies Al GTollAl= Zi14 vl o H&
7Fsdt BRI g d7E FRsG
[1,2,3].

HRlA Age e 3
ol 7beste] wjgAEo] 7t

o

5 &
58g 9o aTsE R2Hg 2ARY $%

o ¢

North  American

)

2

k
i
T
W
oF oy
j:i e
o H;
Hu ol
ro
pIe
rlo it
N o
L)
)
W il
e
Ho b

2. JHAAA

21 224 =zt

AutAQl dx HAEX}= Mattingly[4] 5 ©l
AAg ube} o] DA A (Constrain
analysis), @534 (Mission analysis), @47
A ZAA(Parametric cycle analysis), @745 34

(Performance cycle analysis) &2 ST}

B Aol A dig A HL7)A7}
A=A ekl 71A I

Z1A e gk 712 FR7F §lo 3
AA AgdzA Ny E4 GAA AT

s Fagd B4 A1% #4234 )
7é \=]

;7 O

ulstg 0.8 SL A — wmRekgs 1.2 0.25g 7}
4 (Pinch point) — SL w}&}4= 2.5 cruise

® TTTAEE 97

EAS(Equivalent Air Speed) = 375knots,
SR-71 Blackbird &8z

AFEAEE PFE F2EA o8& vhsks
087HA £E2 S7HA AlsS & F sdak
HAu&ert 2 nlalg 25744 &S stE Ao
2, 7t 73 F ke 1273k A I3

N

g3 7| eFE3 Afolrk 7 A2 Pinch
pointZ A7A3ta oy 7}&EEE 0252 35S
ot °o]= RATTLRS HIgAe] Q27344
A& Zolm NASAS SECT(Small Engine
Component Technology)ZZ 1A o &3 A
= fFARRE ghelth[5]

TS Y= dE AR
st 357HA19] =Y AERE
SR-719] ®]sY H =2l EAS(Equivalent Air Speed)
375knots = 7+ & At} [6]

A=)
H
O A~ &) 3L
O 4 6]-,;_.7101

B

- 630 —



Ht/\rﬂaﬂz

e
AT

Fig. 1 Concept of High Speed Vehicle operations
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Table 1. Input Data for The Calculation of D.P.

Parameter Unit Value
Pressure Ratio 10
Polytropic Compressor 0.9
Efficiency '
Burner Exit
R 3600
Temperature
Burner Design
0.99
Efficiency
Burner Pressure Ratio 0.97
Polytropic Turbine 0.9
Efficiency '
NGV Cooling Air 0.1
Turbine Cooling Air 0.05
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Table 2. Results of The Calculation of D.P.
Parameter Unit Value
Specific Thrust ft/s 25994
Sp. Fuel Consumption | Ib/(Ib*h) 1.483
Compressor Exit Temp R 1352.7
Nozzle Pressure Ratio 9.14
Nozzle Exit Mach No. 1.36
Propulsive Efficiency 0.516354
Isentropic Compressor
0.86
Efficiency
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Fig. 4 Engine Performances on Sea-Level Flight Path
(SL, Mach No. 0.8-2.5)
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Fig. 5 Operations of Limiters (SL, Mach No. 0.8-2.5)

EAS 375 knots ZiZj_CLi ulsl4= 35714 Z7)
e TR s Jwel O Addse
Fig 6, 7% %E} E?J_ EAS 7]%& n}sl4r7} =7}
T7F SVl HedH s

=cl)1=t
g

K

H
N
A
2

™
o,
£
™
Ho
o
[
oX
i)
offt
e,
g‘L
id

%, vhas 14 oSl QwrEel Huads
SOEEIPEEE I EEE NEE RE
Hu) Fo] AR} o) F vhals 2674
MYTFLE, O olddAE 457 Erewe
Jsl 2Rt 58 vhakr sl &9 &
Zeo] Assed ot @AKo ¥ A W
F e AAE BHAAL F 2PNE 32
Apozel N%e FASA R3e slo] Bt

|
o
w
Do
|



08..35

Mach Number

100.0k

©
o o » @
o

° 5]
o

° > o
o > oo
o °

o < o
o ol
@
— -
3 6" 6" 16 6 6 6" 6 6 6

peadsg |oodg |oy

B 4] L L 9

(3 6" 8
peadsg |oodg "L0) ‘|oy

000Z 0064 008k 00Lb 009+ 00SL 00FL O00EL 00ZF O00LL
[4] ¢ dwa] yx3sossaidwo)

00€ 0S9¢ 009€ 0SSE 00SE OSYE 00¥E OSEE O00EE 0SZE
[4] L aumesadwa] Nx3 1ouing

[Wlpniy
X X X X 3 3
- B - N —
@ © ¥ 14 o A (@)
T T =
L
3 )
« o n @
o m
. q o n « %
o
* d o © ﬁw
o
S
* < o n m S »w
: g8
> mm o X
= 10
* N " m o
10 O 1
L " ‘o = m )
a0 o
R |
196/ 2 ¢ |4 o m =
il = £
L30||3 L i mu =
[ K RJIRS W a
2 ©
N - ° S
d0048/048 'd0" ZWZM ‘da U3 T

375 knots, wio T3

Mach Number

Fig. 9 Operations of Limiters (EAS

= = = oF
LU o o
= 0
Zo M = ﬁ,
X o 0w~
T do &
- o |
= B - <
g A
) ) % = -
~ ~~
A K T M
T Clk~

%

[e]

L

[€)]

(8)

)]

(a1)
(361 (ax5) (&)

AA R HA olgel

(2>

L
-

375 knots)

=0l 719180 A

&7t

[e)

R

Mach Number

<=7 o
U_‘Ta—lﬂ =

08..35

=

]_

Mach Number

B = K _ &
= o
E T[T
ElmﬂLEumo
« BT A e
N ™ mo N
> H
o »
o »
o < »
<
> o
<« > o
13 6 8

8 v
paadsg |oods |y

zL 4 g 9
paadg [oodg LoD ‘joy

005} oovl ool 00z} 0011

[y] €1 dwa] yx3 Jossaidwo)

Fig. 7 Operations of Limiters (EAS

00zg 0082 0072 0002 0094

[¥4] v1 @imesadwa] yx3 Jowing

A= Fig. 8, 9ol &
S =7} oF 1934 Ro|AHolA

o
e
ofr

fuy

Fig. 10 Configuration of Supersonic Expandable

3.5

3.0

25

2.0
Mach Number

1.5

1.0

25

Q
S
o (@)
& c
] L
522
I (0]
S
e}
ot
T 5
£ =
-]
R
>4
R
/< *
q o
N .
< °
.
<t
< p
o
28 o #
ag
D,z_m
mwm 4| e (]
S
=47}
LR > ]
o 9 o ©
N g b o

dd045/04S ‘dd ZMZM 'd@ U4

Fig. 8 Engine Performances on Constant EAS Flight

o
Plo

JJo

il

375 knots, w/o T3 limiter)

Path (EAS

— 633 —



=
12
8 4
= o
N
Hy
=

N

MaA HE &

2
AN

0
&

k
oL
rot
B
ki
Ipr

A

td
i ox el
o
U

N
e
bt 4
o‘;":‘
QL
32
O

A

N

il

2,
Jooopx

fo

4

]
o
N
N
oz
Mo
oo
a1

0o ot
ox
o
frtl

o o oX

41 Koo
i
9‘£
rr
N
0%

T
>
Ho
4
0
of
off P

o
et
iin)
oxl

38 op
e 2

oA >
N ( v
Sﬂ o a4
ofN 2 N
33 o N
" X
o * i
ﬁ T_j o F_E i
oL
al ;—10? ok
ol
o
u
=
2
o
[0
ol
b4t
rir
)

5
| 2 FF =
3,600 RZ AA3ta HAAH ALs FAsATH
AAR AAF, HFY 25994 ft/s, HIAEA
& 1483 Ib/(Ib*h)o] == ATh

AAH ANERE VT2 F 7MA 9FF

el g A Fssid e FRst=H, o
q

E
N
)y
o
M

y o

AAR dA L5 AL wHEHIFFY 4=
ETLEs HUYTLE, BY3ASL, A3
of oigt EAFEAL Z4Z4 1,621 ROl

g A2, A Ho sFHS AA3e
AAMTE JASE 2 He 255990 A=
HYYTL:, & 235% d9drs 457
ST eeds s gEr, EAS 372 knots, B}
3k 35404 X =58 FEHE JEAE 3
7] 757t ¢ 1,934 Ro|AFdA £8&71%
EE dAlFojeoletd F712 &89S £01719
e dXeEATzHoR FE3le= EHEY
T2EE U oo dthe AL FA3A T
ojdtol = w, AVl AHe AXFLoRE F

ikl

o 28

1. Kretzing, ] R; Snyder, C D., "Evaluation of
High-Mach Turbine Engines for Missile
Applications," 26th JANNAF Airbreathing
Propulsion Subcommittee Meeting; 01 April
2002. pp. 43-55. 2002.

2. E. Benstein, "An Assessment of Supersonic
Gas Turbine Missile Propulsion Potential",
ATAA 89-2471, 1989

3. Smith, C.,, Tomlinson, S., Gahn, S,
Kretzing, J., Williams, R. and Hulett, W,
“The Revolutionary Approach To
Time-Critical Long Range Strike
(RATTLRS) Propulsion System: Design
Challenges and Lessons Learned”, AIAA
Missile Sciences Conference, AIAA-14-3,
Monterey CA, 16 November 2006.

4. Jack D. Mattingly, William H. Heiser,
Daniel H. Daley(1987), Aircraft engine
design, AIAA.

5. Small Engine Component Technology
(SECT) Study final report, 1986.9.25,
NAS3-24544

6. Joachim Kurzke, "The Mission Defines the
Cycle: Turbojet, Turbofan and Variable
Cycle Engines for High Speed Propulsion',
RTO-EN-AVT-185

7. Joachim Kurzke, GasTurb(Software) Manual.

— 634 —





