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ABSTRACT

The Aft-deck is being applied to the latest unmanned aircraft for the purpose of shielding the
gas turbine exhaust plume or spreading jets to increase the mixing rate with the ambient air,
thereby reducing the temperature of exhaust gases. In this study, we would like to find out how
the performance of the nozzle is affected by the design variables of the Aft-deck. The design
variables of aft-deck are selected as length, expansion angle and upper deck shape. The
correlation between thrust and plume shielding rate with the length variable is presented. And
the correlation between the thrust and the jet diffusion range is presented according to the
expansion angle. In addition, the thrust increase effect is confirmed by the removal of the upper
deck and the characteristics of transverse velocity vector determined mixing performance with

external flow.
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Fig. 1 Schematic of 2D Nozzle with Aft-deck.
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Fig. 2 2D nozzle design parameter (a) Area ratio (b) Aspect ratio.
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Table 1. Aft-deck geometry.
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Fig. 3 Computational grid system.
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Table 2. Boundary condition.

Core 146.348 811.4
Bypass 150.278 334.8
Outlet 101.325 288.0
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Fig. 4 Convergent nozzle geometry.
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Table 3. Nozzle performance at nozzle exit plane.
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0.5D 0.67 6,184 | 426.20 1.06
1.0D 0.70 6,274 | 423.90 1.03
1.5D 0.70 6,314 | 42219 1.03

Temperature (K}
371.0 414.0

285.0 328.0 457.0 500.0

0.5D

1.0D

1.5D

Fig. 9 Temperature distributions on XY plane.



M5 M25 2021, 4.

Aft-deck BAO| Bt =F A5 FYY o7 e

Aol ZF7tel g =Fo] WE fF5o WHIE
Rty Hste] =& o] Hld w2 2z
e it Fig. 8o YEFHIUTE Aft-deck 2
o] W) <% 483 2= 05D
Gl =& Al 2= FUtEte A
g 4 Atk 05D AL =& s
19} &5 de] Aozt frAkgh
td e B TS =Yt
At} Table 4= X/L=1.0 <
25, &Y Bl tig ¥
. Aft-deck®] Zo|7} Aojd
Z7hlH e, =& &
=E9 FEFF o
Fig. 99l 2% &
] kA e A
ALk B AT

- = i=]
2= T

P

i)
°

o
o>

w T
- o Jo

o °f

rO

i o

2
>~

o
g‘L
r
3 ey F
B8

2y
o
i
o
i)

RERCRNEL
% o I
mlo ['lr '{N'

8
rlo
et

>
of
o1
32

of
o o
of
ol
N

Moo 2 8o orfr £ 10 g ot
W &
g‘L
> 2

2
S
iz}
_ng ol ot i
L
e g‘ o
LA %é
oS
M (o o fuN & o b
rr oo e X o
m_?{_:
4

N
-
ot

Sy

olt}y. 18] Aft-deck 1.5D Aol &F Zol=
1.87DE Aft-deck®] Aol|7} F713tel wet EF
dol= F718tAth. sHA T Aft-decke] ZHol7}
Z71ehE Aft-decke] AHEHRZ RZ = FH
£ 5o ZastA "ok EEo e Aft-deck
28 A5 S e 2ol Ao st

6400 025

“a—F(N)
«— PSR

6350
40.20

6300 -
H0.15

~
Z 6250
IC

PSR

6200 -

-H0.05
6150 -

6100 0.00

05D D 15D
Aft-deck Length

Fig. 10 Correlation between the thrust and plume
shield ratio according to length.

plume shield ratio(PSR) =1—

Aolo wE
U

ol A

3, 79

7)
sk Fogol HEH Aftdecks THL 4
ste &3l vk B 7o) Al mebA
et w2 45T TF I H9E 2
7] 913+ Table 13} Zo] Aft-decke] &4t 2=
14 | —=Q°
—e— 30°
—a— BQ°
12
&m
o
10 F
08 1 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0 1.2
X/L
(a)
500
480
<
O 460 -
3
©
()]
O 440 L
£
(0]
|_
420
400 L L L L 1 1
0.0 02 04 06 0.8 1.0 1.2
X/L
(b)
Fig. 11 Static pressure and static  temperature

P-4
Py

—_
N
~

%93} PSRE BAS R

Aft-deck Zo]7} 05D ZojF el ule}
9 Ae UF 1 % A= F43HA
e Uz 6 % A= FdsA Do

e AN
LU N

distribution with Aft-deck expansion angle 0°,
30°, 60° (a) Pressure ratio (b) Temperature.



50 olEs - HEM - ZEY - HMA - Yot o2 F 2 2835|X|
£ AAsAY 4 == 00, 30° 60° 2 A TR = 0° 30°, 60° FAel e &= BE =0
At on, Fig. 112 F4F =0l g =& o 24 457 g E 30° ¥4 YS BEFS
g i f5 54 HsE Zsr] 98 = 2 EFF0] 48 Fatste IR IV HE WA
£ & W wg WHsste e 22 E ol yolAe AS AT F Utk g7 F7]
grlstdnt. g4k =7t A8H Aft-deck B4

2 WE =& §55A40] HIEH 0° FHEG

ETHZHe FUIgE EHE dHue 2% Fhol X component velocity of

Zroly o). Table 5+ =& E7oA HH HH+&
310

= Eat Z4=rh kg d 3009 60° B/l A

285.0

Fig.

vl =2 4%
&7
Ao

wAstE e 218 0°9F 60° Aol A

Temperature (K)
371.0 414.0

328.0 457.0 500.0

12 Temperature distributions on XY plane.

Y/D line

7

Fig. 13 Velocity measurement method.

z
v X

1.0
=\ —m—(Q°
08 - e —o—30°
06 —E——— s |4 60°
04| =
A 02} é
a
; 0.0 0‘3..
02| 3
04| g
06 |- A"
0.8 |
1.0

400

Fig. 14 Velocity distribution at Y/D line for different
expansion angle.

6400

6350 |

6300 |

F (N)
I
Jet width (Y/D)

6250 T T T
0° 30° 60°

Expansion Angle

Fig. 15 Correlation between the thrust and jet width
according to expansion angle.



M5 M25 2021, 4.

Aft-deck BAO| Bt =F A5 FYY o7 51

Table 5. Nozzle performance at nozzle exit plane.

0° 0.70 6,274 | 423.90 | 1.029
30° 0.73 6,370 | 424.19 | 0.988
60° 0.72 6,282 | 42423 | 0.99

Table 6. Nozzle performance at nozzle exit plane.
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