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ABSTRACT

It is definitely important to measure thrust during ground test when developing air-breathing
engine, and in case of air-breathing engine, gross thrust should be calculated considering not only the
measured thrust but also the force induced by the air flow of engine intake. Also, side thrust like
yaw and pitch should be measured and analyzed using multi-component thrust measurement system.
Engine performance was accurately evaluated by calculating the gross thrust of air breathing engine
precisely which is analyzed from below serial procedure: labyrinth seal isolation, 1-axis gross thrust

calculation, develop multi-component thrust measurement system, and side thrust analysis.
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Fe : gross thrust (1 axis) - Labyrinth Sesl
. ettling
Fpys ¢ output force of TMS Chambe r\ ]5 - Intake |
Fg,, : service line force - Engine Diffuser
Crys o calibration coefficient of TMS o] | Aoeanty s Bed(TMS
MF  : measurement value of TMS load cell Duct LN
ixed Bed(TM

Fy : momentum force Measuring Calibration

’ Load Cell Load Cell
Fy : pressure force

F Veewor: gross thrust vector sum

A, : jet area

A, : air intake duct area

A, o effective area of air intake duct
mj : jet mass flow rate

m, : air mass flow rate

P : jet static pressure

P, : air static pressure

P,y : test cell static pressure

P, : settling chamber static pressure
|4 : jet velocity

V; : air velocity
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Fig. 1 Schematic of direct connect test.
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Fig. 2 Internal flow field of labyrinth seal.

Fig. 3 3-D section view of labyrinth seal.
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Fig. 4 Schematic of position controlling device of the
labyrinth seal.
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Fig. 5 Comparison  between isolated thrust and

non—isolated thrust.
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Fig. 6 Force components in engine test.
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Fig. 8 Thrust graph.

Z(Pitch) ‘

X(Thrust) Y(Yaw)

R- : Measuring Load Cell
C- : Calibration Load Cell
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Table 1. The specification of the MTMS.

Item Thrust Pitch Yaw

Load o o | -10% ~+10% | -10% ~+10%

range -100% ~+100% of thrust of thrust

SaliC 1 02% of FS. [10% of FS.|10% of FS.
rror

3% Static error of load cell < 0.05% F.

S.

Table 2. The static error result of the MTMS.

Item Thrust Pitch Yaw
Static
0.44% 1.95% 1.11%

Error(F.S.)
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Fig. 10 The hysteresis between the input and the
output thrust of the MTMS (before reinforce-
ment).
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Table 3. The reinforcement items of the MTMS.

Items

Reinforcement Specs.

Joint Threads of
Load Cells and
Flexures

Coarse — Fine
(Only Male Thread)

Clamping Bolts for}
Pitch Brackets |

Quantity : 4 ea — 6 ea
Strength : 109 — 129

Clamping Bolts for
Yaw Brackets

Quantity : 4 ea — 6 ea
Strength : 109 — 129

Pitch Load Cells

25 kN — 50 kN

Yaw Load Cells

5 kN — 10 kN

Pitch Flexures

10 klbf — 20 kibf

Yaw Flexures

3 klIbf — 6 kibf

Table 4. The static error of the MTMS

(after

reinforcement).

Item Thrust

Pitch Force | Yaw Force

Error(F.S) | 0.17%

0.82% 0.75%
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Fig. 11 The hysteresis of thrust before reinforcement.
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Fig. 15 Coordinate of Multi-component Thrust.
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Fig. 16 Gross thrust & yaw & pitch.

Fig. 17 Gross thrust & yaw & pitch.
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Fig. 18 Vector Sum of Yaw & Pitch as time proceeds.
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Fig. 19 Normalized R & © of yaw & pitch.
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Fig. 21 Gross thrust comparison.

Lk Pg A b
;E o ® i
24 _.EN: E‘
= il
© o o
=g 3

o gy m oo
~ é —&
T‘; SR
° PR
o2 N
- 8
2y Elg‘ o
rLIlo o= _!m,
o F% ol
ol =
Y v}
-

>
9_',

(o
i3
H
4
o2
<
4

o
A

dvome &
i
o
B
Ay
o
v

Ju
N
N
X
filo

Hom

e

o

N

ﬁ

[

o

[>

ju)

i)

>

[>

N

M
1
v
S

References

1. Joubert, L., “Mathematical Modeling of
Leakage Flow Through Labyrinth Seals,”
M.S. Dissertation, School of Mechanical
and Materials Engineering, Potchefstroom
University for Christian Higher Education,
Potchefstroom, South Africa, 2013.

2. Kim, JW. Kim, SH. and Lee, KJ.,,
“Design of Labyrinth Seal for Air Flow

KIMST

Korea, pp.

Duct Connection,” Annual
Conference  Pro-ceedings, Jeju,
2286-2289, June 2011.

3. Ahn, D.C,, Jung, C.H, Kim, JJW. and Lee,
KJ., “Mechanical Isolation Technique for
the Intake with Non-axisymmetric Temper-
ature Distribution in the Thrust Stand,”
KIMST Annual Autumn Conference Proceed-
ings, Daejeon, Korea, pp. 690-691, Nov.
2015.

4. Jung, CH., “Mechanical Isolation Method
for an Air Intake Duct with Vertical

Gradient,”  Journal of the
Korean Society of Propulsion Engineers, Vol.
20, No. 4, pp. 87-93, 2016.

5. Covert, E.E., James, CR., Kimzey W.F,
Richey, G.K. and Rooney E.C., Thrust and

Prediction  and

Temperature

Drag:  Its Verification,

Princeton Combustion Research
Laboratories Inc.,, Monmouth Junction, N.J.,
US.A., 1985.

6. Kim, JW,, Jin, SW. and Lee, KJ.,, “Gross
Thrust Calculation in an Air Intake Duct
Containing a Labyrinth Seal,” KSPE Fall
Conference Proceedings, Gyeongju, Korea, pp.
113-118, Dec. 2013.

7. Runyan, R.B., Rynd, Jr., J.P., and Seely,
J.F.”Thrust Stand Design principles,” 17th
AIAA Aerospace Ground Testing Conference,
Nashville, T.N., USA, AIAA-1992-3976, July

1992.



uge - x|

Mo

. olRE HEE IR

8. Lee, KJ., Jung, CH. and Ahn, D.C,

“Multi-component Thrust Measurement for
Air-breathing Engine,” High Energy &
Defense ~ Material ~ Conference  Proceedings,
Daejeon, Korea, pp. 53-56, Nov. 2014.

9. Lee, KJ.,, Jung, CH. and Ahn, D.C,, “The

Effect of the Bolted Joint Stiffness on the
Thrust Measurement Stand,” Journal of the

Korean Society of Propulsion Engineers, Vol.
20, No. 5, pp. 31-39, 2016.



	공기 흡입 엔진의 총추력 추정 기법
	ABSTRACT
	초록
	1. 서론
	2. 본론
	3. 결론
	References


