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Study on the in—flight thrust determination method for mixed flow

turbofan engine without afterburner based on integrated parameters
GAO Xiang

(Chinese Flight Test Establishment, Aero—engine Research Institute, Xi’an 710089, China)
Abstract: In order to solve the definition difficulties for ideal thrust and air flow in the in—flight thrust de-
terminition for mixed flow turbofan engine without afterburner, integrated parameters model was estab-
lished. Corrected airflow and thrust in the model are strongly relevant to engine pressure ratio and nozzle
pressure ratio, separately. Based on the test data from ground and altitude test, in—flight thrust determina-
tion method based on integrated parameters was set up. And the calculation results for thrust and airflow at
different altitude and speed were compared with altitude test data. The results suggest that the calculation
error is within 3.0% and 5.0% for airflow and standard net thrust, separately. This methed is applicable for
mixed flow turbofan engine without afterburner and has engineering application value.
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Fig.1 Sketch map of mixed flow turbofan engine

with lobed mixer
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Fig.2 Corrected air flow varies with engine integrated

pressure ratio

TEE 2 R SIHLEE B TELLE S, pig, IR G #F
HEFT A SNBSS Y T AR 2, B

_ PsAs+pisAss
ptﬁmix - A5+A15 (3>

KB R R T S A T L B G,
P E B ER G H LN -

INPR = Doni @)
P,

(]2, B AT A 1 5 B 2 5, B A ]
3 FT7R BTG ANHE T B AR 25 B TR LU AR AL G &R
HETT AT AR RA T s H
F,
AP

Piomix

Panb
P13 JCt 494 T BT 255 TR LA Al 26

Fig.3 Non—dimensional thrust varies with nozzle

integrated pressure ratio
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Fig.4 Simulation results of different mixing efficiency
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Fig.6 Altitude test results and fitting curve

W R PG, AT AR R s SR R A
LR R I REOC R, inxNG5) R . UG L
ZIAK RIS N 0.982 65,3 FER>0.8 1) T H
BOR . [FEE, M RIS, nT AR BT R AT
BEMSE 255 TR LI R B R, X (0) TR . A



56 F M FETERE SR TOIN IR R B K S L AT HE I T ik 514

X R BAK RS 4 0.992 85, i S R>>0.8 ) T2
NFHEER . TG 40 ) BT 255 e L i 22 fk il
Lrml LUE Y 2 B g 0 W 25 TR EE
Fl B AR B T 3.3, i CATHRIS T AR oK

W, =8.694-4.965xIEPR+0.983x[EPR>  (5)

e =—14.422 4+ 14.567 X INPR - 6
0.279 x INPR®

=
Il

4 TITHATTERRIE

FHI RS G B AE H5 2 S  J TC i 2
R AR AT T R S AILE TR XU S
ST, R A d 2 MR SR BV, RSO B
FEVL KRB # T ARG W A5 T LR 24
RV R] T HE A 2 AT R LA e B - e

7 1 8 43 |45 1 T H,=6.0 km, Ma=0.55 FilH =
8.0 km, Ma=0.55 25/ 153 i 23 U0 it Kb et

1.1 0.5
KT
——hX iR 2 104

1.0 : =
. /.%V 40.3
0.9

=S i / j H0.2

/ 10.1
/ 0.0

HXHRZE/%

82 86 90 94 98
Ny %
(a) IS FE
1.2 6
LRy
—e— A IR 15
1.0 b |- =
A /
14
\ e S
- 0.8 » SN
X 13 K
2 B
=~ 06 pZ =
/ i
0.4 \ 11
0.2 0
82 86 90 94 98

Nyl %
(b) FRifEHET)
7 H=6.0km,Ma=0.555cFF AT R S
1R 25 5 S A5 ST L
Fig.7 Comparison between in—{light thrust calculation results

and altitude test results at / =6.0 km, Ma=0.55

1.1 3
—o— KA
S HIRE
— AR
1.0 5 =)
)¢ 5
£ 09 " =
= / =
. 1 =
e y
0.8 _

0.7 0
82 86 90 94 98
Nyl %o
(a) #FHZ it
1.1 5

—— KIS
L e Es AR )
o R 4
0.9
A /o/
&
- 13 =
\— 3
£07 i
o >< 1 E
=
0.5 e :
e \ § 1!
03 b1 1. i i g
82 86 90 94 98
Ny %

(b) FrifEHEET)
18 H,=8.0 km,Ma=0.55 %{FF ¥ATHEI A LR
1R 25 5 S A S X L
Fig.8 Comparison between in—{light thrust calculation results

and altitude test results at / =8.0 km, Ma=0.55

152 G I MAR X, i, 28 S R i
TR = ke RS IR R T T IH—fAb
B X RE VI W R 2 B RR A A AT
36 e 2 A AU, TR N R A R
PRUEFHE SIS, 5 RT3 45 R OR BRI 3=
%o MEITRIA 1 H =6.0 km, Ma=0.55 5+ F , %
LIRS L (V... =85% A ), 3 1125 3
I AR S R G 4 R A A X R 2
0.5% LA FriEdte R AR S s il a4
(I RAXT IR 224 4.5% . H =8.0 km, Ma=0.55 51
T, R FARELL E(V,.. =85% L4 b)), #1058
A AT E 2 B IR AR A AR R A 7
2.5% LA BRI A R e s B e g R
IR KA R 2224 3.5%



$34%

MR Rk e S R 57

5 #ig

(1) XFFIChn ke 3 ) b S50 1 IR HER B

KAWL, & LR 2 S e o m W) LR AR
S ECEA B A AH O, HLl i Gasturb A48,
FIrE LS B M SBIRRCR KN TE K.

(2) AR A s AR R e R

NSRRI S R AR, T R 85 07 R A
T TN E IR R I

3) MEZEESETAN LS RE A

RS ZS AR L, 3E 10 28 SO IR 2578 3.0% LAY,
PR IR 2ETE 5.0% LA, il i TR R K o

SE Lk

AGARD conference proceedings No.150 on airframe/pro-
pulsion interference[R]. AGARD-CP-150, 1974.
Abernethy R B, Adams R J, Ascough J C, et al. In—flight
thrust determination[R]. SAE AIR-1703, 1985.

Abernethy R B, Adams R J, Steurer ] W, et al. Uncertainty
of in—flight thrust determination|R]. SAE AIR-1678,1985.

[4]

MIDAP Study Group. Guide to in—flight thrust measure-
ment of turbojets and fan engines|R]. AGARD-AG-237,
1979.

Dyckman T, Christian S. Turbofan thrust determination for
the C=5A[R]. ATAA 70-0611,1970.

Frank W, Burcham J. Use of the gas generator method to
calculate the thrust of an afterburning turbofan engine[R].
ATAA 71-680, 1971.

Conners T. Measurement effects on the calculation of
in—flight thrust for the F404 turbofan engine[R]. AIAA
89-0364,1989.

FOUFIL, R B, e AR, A AL B R B ML B TR
BRFTERTSTLI]. M & B, 2015, 41(1):48—S52.

Z W R WK 2 FAUR SR B R E
JrEEI. BARHLAR, 2017,200(4) : 105—109.

FEOEhE, £ o s F U SR G AR SR ]
LEBIFFE]. At K3, 2013, 39(6) : 24—30.

KA, K. KIAIHE L & shHLBTAE i i 22 50
{EITE 5 7040 AL E, 2013, 39(6) : 24—30.
ML R 15, L BT R TR R
B 2 S AL R PRI S 0] A BRAE B0 2016, 27
(11):23—28.

AR LA LA PR At At Al LAl LAl Ll Fat KAt KAt KAt KAt KAt K at M at K at FatVat Fat LAl Lal Fal Lal Ll Fat KAt LAt KAt KAt KAt K at Fat Fat Fat Vat Fat LAl Lal LAl Fal Lol LAt KAt KAt KAt KAt KAt Fat K at K at Fat Vat at LAl At LAl Fal Fal Fal Fat hatvaty

(25 46 1)

I B X HA & sh LR B bF o TAEA
—EWSEZME,

SE Lk

(1] Hwete, 22 . BURALES & shbLE A i o el

(2]

3]

[4]

7] ias TAEERE ,2010,1(2): 103—106.

TIEAl, WRIE . ZE I AS R S AL W] SE A R AT
ias ZBhHL, 1994, (1):36—47.

TRATE. BT IO A S & BB a4 i AN Ag
PRI AR S TR BE2Ed], 2007, 22(5) : 541—547.
BT VIR B A K Sh ML n] 52 1 F 5 a4 B
[J]. TR, 2003, 5(1) : 82—88.

(9]
[10]

[11]

2t [ S AC B nT . TR b & S AL A B A
TS TAR2EBE4H,2005,20(4) : 468—472.

INE A LA W I B & S AL R B R A AR R
[M]. JE3T A Tl ik, 2004

FLEGE. fizs & shpU T SE0E TR M. b5t fioas Tolk i
Jitt, 1996.

Def Stan 00-970 11 #-2006, &AL FH 5 T F1 3% i 11 B
3K, 11— SIS,
CS-E-2007, & sl A A IERLTE]S].

GIB 241A-2010, fiii 25 iR FE W AR S AU & 2 HL3E
FHA[S].

HORAH. IR R WL A 45 R 2511
TAEREEAM TAERTR]. M5 25 2R B HLT, 2003.





