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ABSTRACT

Numerical simulation and experimental study on the thermal flow field of the micro
turbojet engine have been carried out for the purpose of developing infrared reduction
technology for aircraft. A circular basic nozzle and five rectangular nozzles with
different aspect ratio were considered. The conditions for CFD analysis were derived
from the analysis of the engine performance. The temperature distribution of the nozzle
plume was measured using a temperature sensing system. The thrust of the
rectangular nozzle with the aspect ratio 5 was reduced about 1.8% compared to the
circular nozzle, and the thrust decreased with increasing the aspect ratio of the nozzle.
In the case of thermal flow field, it was observed that, as the aspect ratio increases,
the exhaust plume in the experiment was formed wider than in the CFD analysis.
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Fig. 1. Micro turbojet engine (Olympus HP)
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Table 1. Micro turbojet engine (Olympus HP)

specification
Diameter | 131 mm Maximum 108,500
RPM ’
Length | 384 mm | MaXImum | a0
thrust
. Maximum
Weight 2.85 kg EGT 1023 K
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EES ii Alde] ST-3100.% =2< Xﬂz}_" % Fig. 4. Diagram of plume temperature
EE W 259 A4S dAYE =F ETEYF measurement device
B 10 mm, 75 mm, 140 mm $|Xo F-2sle] =4

ensor 1 Senzor 2 Sensor 3

Fig. 3. Sensor location for measuring
surface temperature

Fig. 5. Detailed description of temperature
measuring device
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Table 3. Mole fraction of species

Species Nggﬁl(itiigrllet Far-field
No 0.74 0.78
O, - 0.21
: s CO, 0.13 0.01
100D H0O 0.13 -

Fig. 6. Computational domain and grids
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e j;ﬁfﬁﬂzg@fj Z]E%] FU AT wE Aue Ae A e s ve
50D, Zuhek 100DE A A s Eak =] 1 AR ST-3105 AH8-sk3l ? CFD 34l d&
B ’]T Wl Ezol BAE Aow daEe g Ao WE(7,750 kg/m®), HIA(583 J/ke/K),
B e EmEs mAsel §4 ase | SAEEE2676 Wm/K) 52 ST310 Ade
Jawg P47 A sl BEAE S wad s e
Hao] ALgE S/WRE SekAEW  7]uke ATl = i, A=, A 4 SRk
Q%% 4 4§ ZZIU ANSYS FLUENT = 1348}7] M e
a /\]-Q—} E]— nz[__g_ _/r\_ 1 ]B’]oi /H] 7] H]— %6‘]— %9] Volume COHditiOl’l:—% 7—](7—]( SOhd9Jr Fluid=
AR, PAE A7 AR, Rlemam gy Telsha, = R R 95 9w el Solid
o] 71%% Roe-FDS 7]®< = &3t} ¢} Fluid7} &%+ W& FLUENT AolA &
GdREde 9w 2 {58 qu Aewst 712 HWe] HEHoR MAIAT BAIEHY mE
o]  K-epsilono] HlE] A ¥E  Realizable B AAE ARl 8 EY e Ao AH
K-epsilon®2 95 AR&stdoh m=g £31714 9] o] 2l TEFF % (Discrete Ordinates Method)
HAH = Ny, O & 7 gFhiate] vjgdujet & o' AAsta, a1 Zkel Theta Division®} Phi
w&e sl agste], =& WlF Wi7I7FAS DivisionS 7+ 2, 4% A AT
1.376, r4 % ti7] 1.398% 743t
MM 2 Table 29 Zo] 23 z=ax zo 24 A48 =d
?43’ o] ,04?[3]—2— 2 é}of] Hss R SIS 717k 22E FAEA AAsAT O]_f &2
SHety] 93 wE i W X oz BEE Hol e dm A, Azl HelE F47]7]
o Az SAGEE AASGAT) wZ o] (Engine Data Terminal)E& &3 AAtoz &
Be WS ACuHy AD AmAe] g @ GEHAT, WPk SRS Seld 4 glen, o
83 WES spAste] gtz BRge 4 = &9 *71/"33 H](A/F Ratio)& %743ato] 7
FA d w7 7A LEE 823 K2 AASHY.
Table 2. Test, atmospheric and nozzle inlet ;;1 /\E]E‘ﬂlgl]—_io o} )8 el 73]23?
conditions AZNE EBRS oy 45%2 BT Am
Test condition Sea-Level 2 Apgstdrt dz Qs B fgig gge
Atmospheric Temperature (K) 288.15 ol A6l AFAB] AAF o Q. ohEFe] <A
condition Pressure (Pa) | 101,325 w7h Astel elfun 27 A e TdE Al
: olstal, 9, RPM 5ol dAsA yetve= A
Nozzlg .|nlet Temperature (K) | 823.15 A A 7oA s T EE SEe o
condition Pressure (Pa) 134,877 = zqs90
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31 €73 a4 22 Nozzle Length Optical thickness
gitel gelt 2y 2477 geol weh il oo
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58 w3 uRE sl gyEe wy)ks ARA 7264 Ead
o Fejel e wFol AF wmF3} AGul ARS 7109 215
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H w7l S5 Fe Aolek SFl FAT Wl
- Al Fsd FAE Table 49 A3t Ayt
' How F3A FAZE ¢kod VA HApd
A gs Fosite e vt FeA
A7 FASH BEAEES st AWE she
AL ofugty, AP ol v AgR 7 St
Sholl wel w7 EF 499 Aol #obA L,
oA A gkl AEs gl # ¢ drh
ol Shollx AF g whe} o] &7 AGHIZE A
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Fig. 7. Temperature distribution of plume o FAYG Fo] Fo=57] Wit
for various nozzle shapes et4 Banken®l 1[13]elA A A7t
ZoEWH E59 IR 37t #ALsvs Ao
HSo] BHots w, 93 = o AgHE 2
A e =] ] E2F IR Aee AT
e Bo dadd 5 o
F wge] e w2 F7 2 YddAe]
o, Fi =9 FH& AL A3E Table 500
VFERA AT 3 Alkel ARgE A2 b3t
Thrust : F=m(V,, — V) (1
+ (Pexit _Pair)AeXit
A7 AFHE me =F A WX
(Peyit), BAAL, ), F=(V e we= At
%S AREskaTh
a4 A3 9P == oi¥] ARS =59 FEH2
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Fig. 8. Temperature distribution of plume for gelatgitt. 28 Tdd 7 dHoes A
various nozzle shapes (CFD) A7) Wi =& &7 4He 23 1% oy
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Table 5. Temperature and thrust for Temp.(°C)

different nozzles ;gg

Exit Wall <o .
temperature | temperature Thrust 180

(K) (K) (N) ::2 Cone
Max | Avg | Max | Avg | CFD | EFD 90

Circle | 780.5 | 7652 | 756.4 | 7433 | 173.3 | 1689 25

AR1 | 781.7 | 7452 | 749.3 | 733.7 | 179.7 | 166.9

AR2 | 7828 | 7702 | 746.3 | 7336 | 183.3 | 166.3 . o

Fig. 10. Plume temperature distribution of

AR3 | 7848 | 7713 | 758.1 | 7414 | 1824 | 1617 O o oo (“experimenli)o °

AR4 | 7820 | 770.1 | 7536 | 7369 | 1758 | 1715

AR5 | 7836 | 7740 | 7567 | 7384 | 1702 | 167.8 WE G20 2wrl Zrheta, W oA g% (Heat

Flux) = S718hs &lstadtt. A & 9rEk
2 uehgth meb @Ads F9 glol gold _o_ui)q E"U;_S_E %7}{}_ ;T}%g;gi
AL Ao s AHEFH 52 ZToA 9 72 o e grgoe] dojuby] wEel zo
Fre5d Wste] 7]Q1g Aew dAddHT 2 goE.

A =2 F79 HY 2E s AL 93 wZo] =7 ogxuW LLyolEHE By
AR E STt & 2FolE HolX| gktt}. o] 2 Fig. 107} 7ol 339 2% BExz Jeuyg
© Ao ¥EHE g Eel = ET g cRp Ay 98w dug fAsH =
TR ¥ AL gRe] et S5 = $e] EF2 w39 FAF EAE e
ST eleh e W, AgEt A5 ge F7Yelr] mE
3.2 Oofojaz AdF Als Z3l of SAHAAY FUtelE *E FEXE EFFY

kol o1& o] B KR S 3 =

w2 wuol wAE Aans o sqga o SRS BEL TR A
@48 W 2EE Table 69 Fig. 99 vhepl 77 0 0 L
Ak MAH o wE grold B wapow 0 TmE U1 S, Al HAFE 9150

- - AL s 5 rpmO. 2 fFAEHAL, 27| AE o] AGdAE e
24E =T g9 2RE ek AEE & . )
ol3tgitl. CFD Z#= elsge o, &Eo A =F o mE Hjy] F59 4 fAdE
Do o n oz mael dsme | HWeE £E dHolHE stk wHYl
EEY 7 WIdoer #AFE WAoo 7HAEhY ) _

w2 2 SAA ALY w7 FF ANEEE

Table 6. Temperature at the nozzle surface Table 7o YeElAT. 98 w=Z0o] Hsf A &H]
7V AR w7 E59 22 AA gaste

Wall temperature [K] o slolsl o o1 v = =

Sensor 1 | Sensor 2 | Sensor 3 EZ‘}E QOJEET 9:*];}_ Eai == o] AE? -

Circle | 6916 7259 826.4 Ze vl wE e saiel 280 mmd

AR1 674.9 7047 837.7 °F 2119 K, SA471¥ 600 mmed w= of 84.2

AR2 710.4 708.7 8215 K fadh s #dd 5+ A

222 sgg; ;g;g Zgig Table 7. I;Iume temperature_t_at cross section

AR5 | 7128 7241 828.4 y measuring position

soo Plume temperature [K]

®Circle + ARl 280 mm 600 mm

SRR SRS s Exper Exper

Eooo [oAM mans - CFD - CFD

E “o iment iment

g a 5 Circle 699.6 773.7 4845 540.5

87% . AR1 | 6752 | 7744 | 4972 | 5776

- AR2 | 5715 | 7405 | 439.1 | 4822

00 3 = = ARS3 535.7 620.8 4215 438.8

Location of Sensor AR4 504.9 558.0 408.4 430.4

Fig. 9. Temperature at the nozzle surface ARS 487.7 568.6 400.3 427.6
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