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A Development of A Gas Mechanical Pulsator

Tae-Woan Kim* - Oh-Sik Hwang* - Young-Sung Ko** - Se-Yong Jung***

ABSTRACT

A gas mechanical pulsator is developed for the study of combustion instabilities in various
combustors such as LRE combustor. First, it shows that the mass flow rates and the perturbation
frequencies can be successively controlled by the inlet pressure and the rotating speed of a rotating
disk with many holes. Second, the device is used as an acoustic amplification source as a substitute
for the speaker in the previous acoustic tests and its results show almost the same resonant frequency
and damping characteristics compared with the previous results. In conclusion, the result shows that it
can be used as a substitute for a speaker in the studies of LRE combustion instabilities, which has a

flow and no limitation of amplification, and a device for making a perturbation source in gas flow.
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Fig. 1 Schematic of a rotating disk

Table 1. Specification of a selected motor

Ty S9D-300-90V
Voltage 90 [V]
Output 300 [Watt]
RPM Max 3000
Torque 10.6 [kg * cm]
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Fig. 2 Schematic of a mechanical pulsator

Hz¢} 2B Hd RPMS 1dste] gz
go] MNE&E 4Nz AAsAh
T3 IS R 7)ES fld) Fig 29 o)
HA(lip seal)S AHE3IACOM, & HES A
AAR] 78L& 8 Orings AME3l F714
Lig

oz 7IdE FAZ 5 A stk

22 = AE A 74
AA 48 HdE AXE Fg 33 2o] 71,
W& X (mechanical pulsator), Ho|H ZHH
teolg Aeia FAE] glon, JA 43 AA
o] ARZl& Fig. 49} 2t}
ZhbEE w7 SV §7] BAa 3
2H7IE o83t 44 dHY $1E wd A
kil l?‘

A9l FEshe S ok wd A= vkt

Controller

@ Compressor
<) -

Fig. 3 Schematic of the experimental setup



32 E| Sl e ok 34 A

W FAE bRl ddsy] dell ZH e
A5 Feks fall, 71l FEel fle ZEedA
we 247 99 Age] W Fus 54 4
9% FPSAT BHY A5 9 A o
3 2YsE Fus geo WEE F dom
2RE SRS F7d AT A = o lama) aasis) Aol ehmo)e estation
= J 2= o 93 5] 7] 4=
=, e T 2AS Skl R SHS check master)S ©]-&3ate] A Mol e F
ERPME AR 5 2= 2d7controllen T gr2 zgaoir. 24 A% QY W T3
AL 23S _ -
et _ S0 BAVL Fig. 59 o] A BAZ
=%, U/ AR AME ol&ste, B AL =
oﬂ —E’—% ;g'j]% %5]1 ﬁ%‘% %"7] %%(%% “FEF 90\]_‘5~ ;ﬂ%—s—]_%l Z/]EH 1425 Hze —zrfl—]-%:%
B W73 10.2mm) A d2d e f& 54 WA 9es o 4 9=y, o= wd A
= %—@3}9&1’4—, E]]O]H ﬂﬁll‘i—fﬂl/‘i% 15T A/D A9 2] B & %3_]_7:;4._/}:(1059 Hz)ogg'ﬂ% =
board(NI-4472)$} LabVIEWES ©]-&3+ FAg = SERPE

2a9e ol galel ui 4 Aok

Figure 62 714 48 A% A9 45 4
Seu s = Zat7] fiste] wek Ao AUVE AAF F,
279 bt 4 wshl we 9F A F
31 718 ER1 A3 (Leak test) g2 B ARE gga Aeld. 74 et A
A 48 4% AAe 7MY 7IAE ol & AT Qe At Faeel wAs AHH =
e AF Aulolmg, 53 ud FX Ui
1Y fAE B 2o "ok F, wof wy e
A Wl 71Ae] 71de] fA A vy, ol [3 o //'/ |
71A +E AdE AR fFdEE 1A frEFol 1 S /, _
dAeA gom 7|A 9 HE &Y AFdx o % Bw_w % !
Fe = F Utk g s
meld B APME A 4E 45 4A e g oy o~ ]
719 ARg #HAs] S, FEHR AHEH /‘ ]
+ bubble testg FF3ATh 7Y AFIL oA 20 | , |
He wg 2%} WS AE aa AX N I |
ZY Sl v 2he =3Esho], 0~5bare] 7HeF Input Voltage[V]
AN mE e 2] el FAdEA Fig. 5 Variation of frequency according to input
e A AAME Fall 7S gl #AES voltage



1400

54

w X
o %O
__ozf?ﬂoaﬁ?wmwa% _Mmir/
~ & o6 ur om ] o L
o 7ﬁ SR T [
e Ananasas s PN do Mmﬁﬂo_eoﬁegﬂw Gl
N 5 — o %Mz_o]auaudn%% RS
s e - g = 5 2 ]E%d.xb_one}%qo; do T
T R o [0} qﬁi Ry D o = =
_ - m 1IN mw s _!n_LIX7500%4./!M ,AHA_I
d s 5 i L @ V%}qulk.ﬂ% B R
g 17§ 5 _ = METR g RT®o g AT
£ S Z 273 Hoé1%ﬁ@|og@|% w Mg
] ® 2= 50 T = e w2 9 ®
~ = i T = = E__l ‘I.” dl K — T JoH NE N O_H
- |18 = 5 © o qgll oF Jo
% 3 I 2 q is&u%_s% " or O T
= = [ e .
g OM. <3 mm B g]roTEoo_Ho_L oo N \_W_.JIHOI
3218 1o s i oMo AT )
HES g B EETTINIE LTS
g2 g - © B9 D= o R ° A
TR § ﬂqmgogma%% o 5
I o5 qmw B ool XL R N oo
> ° §8 ssex BT Tl
S osE | SE L, RPEaEC T ¢ B
= |7% 25 > a )| B X T — AR o
‘-m W;mllu ______n_v.w.ﬂm o8} oo o A WM dp dn oF W N T (<)
~ 58533838828 2 <X
_ i | = e S [s/B] syey mol- ssei — ﬂﬂ oﬁ o_u e_e
1 A_..S L} - i o T .ﬂO\ . Yw
[s/6] @1y mol4 ssep # =l s _Wm .m:mamwlo 52 XT@MWMWH%
O o I T o= _ O o Ry
??ﬁr@%&%ﬂ zomumo?o%ﬂ%%ﬂiﬂﬂ@rmo 1
- ﬂ__Lz_onw7%mﬁ _z_ﬁEmr,_aaﬂwLﬂ%%gao o W=
T & 3 — o ~ o o < b W o 2 £ T R B ~
T _ _ £ X UG U]L ,m_M w ° o ~ .._o#o ~ o ‘m.‘/_ A+ T oF ﬂ_ i —_—
iz o LT TR B £ (- A%aoﬂo Moo ELOO_EATML%
= Nlo me_/rqo.msm]Mﬂ [E e ﬁe}?ﬂmo_%%ozﬁﬂﬂﬂﬁo
i o oo T L3 oo oy dow 4 « P o B (AN
S5 W o T Ar 90 N+ ) Mﬂ%oa]o 7%@:%ﬁ% 5
5 T ﬂﬂ%mﬂﬂrL. BN woom g — s B T
|W] mm MH ‘__1_ W on ‘Drx_z _.ﬁ o \UI - % ,ﬁ _ o_e K X ..__,._ T - O.H 1ﬂ_~A|r — B MWH \;M
. > ® 0 o & \quM Wﬂo‘ma%ﬂgdluﬁlldlr?ﬁe EZ L ©
/ 18 9 P YR E 1%%& ) Ny L™ I
/ S %QM ﬂlﬂuovaﬂﬂﬂwmﬂHﬂ _.EowﬁPLﬂﬂE?7iow_mﬂoﬂMﬂawo_aﬂﬂl%
ooD {25 5 9 —_ — 70 To o — 0
R - hi Wr w m N @ T 0 _L~| ™ ‘mﬂ \.ﬂﬁ MH e 60 fo ZT ‘\M N o N Erl ) LHL ﬂmo ﬂAnO H_A| o
E AN =2 urﬁwya%%% woo M%%ﬂ%%% HF T oo g
2o ’ 18 5 S o) o 3 o © Sl w1 ~— A E R wy
¥ / 5 & %mw%1£%muw_m ﬂ%%_ﬁwx%mo%7ﬂﬂ_z_ﬁﬂﬂﬂlﬂoﬂ
Eic " 1F &g iu%_zwvwn = R e e o= ok 5 %M%ﬁeMgﬂ%A%
553 5 S EypEERECD NI TR T B
s 1 50 ZTU%ﬂfr_/_sﬂo EN R T CE %ﬂa%mﬂﬂuﬂ%
1 - = ﬁﬁwﬂ ot = i t s o TN i hmaa
S S © Hl] .iﬁ]]uﬂ,ﬂﬂo o N N OO
S e o SN R
5B @ e_ui = RS IR
- [zH] Aousnba



3.0

Z009. 6,

pa

)

I

<

H13H A3

=3
5 T op
< oo o o ,_ﬂ_._ﬂ ,M_M_. U
g ERUEE o
= B R oy W g
) o N T o —
| S » N ol yf %° X o
¢ o _ © eeE e © e
— R - 2 g 2B 5 ol BN o
=7 = T s T oy 29 % T B
2 . c L S| EE\%OI‘_&.L]% A o
: 185 ¥ g T ox® % W o=
2 g 2 = & e T
0 > - - @ = o el o
Iy s 5 ik £ R = L g x x "
22 ~1E £ T oo I TRt W =
z8 Nl oE i3 g T ¥R
00 .4 = 9 L 2 w T ‘,w..__.._ o’
I — g 25 e "85 zRlwzk L
"2 88§ g Irx o0 N X
-AA‘ \-\ i %W | ) O.W. MﬂvuﬁgoaMOAT M%_
o> ¥ o3 S ® S w B H
o//o % o S g g 2 ﬂl.,mﬂ o LA
N -2 | - BT TG e i
71o1s SR KRR 3 m T
e % e 2 s = ﬂm_sx?ztﬂ% 5
_ - = S o ou_o Ty ,Mlnﬂ,l‘l_ﬂrﬂ.ol
s 2 e £ o R A
Ll g e epraduy
5 5 = = = 3 o 2 WS
B ‘n-e] spnyidwy - ey XA er TR AE ,\HWIO )
[ne | #E B TOF T o HA_I j Mu_.M . HT \_._m,o ,NL m ﬂ,yl ;on_
T OHE T low ~EZ. 5B
T RO AN W Ao B N 5 OB R 2 )
BRN® 4N Moo= o o ok ol g
e o K 7T 4~ o ojn Ho . M.
s o " RO I I BN oo )
; _ _ 3 ol Lﬂ@mrowr. ﬂatwe a_amﬂﬂﬂwﬂﬂ = .
_ e Hoﬂﬂan wmﬁx 7drmm1, < ﬂ@w@%ﬂve_emﬂyﬂﬁni
. D = X = b A "W ms N T < ~O = ¥ 1
1= T3 5w R g B W o X zg]g%ﬂqqaﬁo_
88 ) KNS o B RS N < T
o — 0 o o IR Tl X
B R N o%m_mfo maﬁmogo_aﬂimmu#ﬂ
125 o 0 L Lam.@ﬂﬁﬁoremow R B " i
= 273 T o mﬂﬂﬂooﬁﬁr%o_uA o T o P I
W = = T W o N el Nr B3 el o = No = ojn .= J = o jIN NS T R <V B o
12 §¢ F 1ﬂ®i§ma@ﬂ%q uymﬂﬂamiaﬁ
g = ° KA T op oF o do gE T T < X Ho B/ I
8 5 NET g T T g M B o N T A
' .8 AT B I R R g
=% 3 " 5% e W;lﬂe_ﬁ%aawiﬂhe_amm%&aaﬁ R B gy o
g2t 25 T w5 w T B Ho
i £8 Txx% ﬂAHa%w@%mﬂo%miﬂ_om;mlﬁm_mﬁ%1
SRE =412 59 = 5 3o ° Bo Mo R
288 aa < S =™ o o ol o woM | S &b dp 5
see [alkel XX oo 9 { ic B w
me < ﬂan]oﬂ.ooﬂoLuﬁﬂ%%_an%mmduFi%ﬂmMF,o
T _Eﬂﬂar.ﬁ%mofr%%i%:/x
i 1 o . - ~
e w8z 8 =) o - omoBE
8 z = o b
e °© ['ne] sprydwy



56

7|

ok

B

o

oo

171& 70 A} (NSL, National

Z
Tl

i
ojp

ol
alo

o

BRI

o

2=
T

7] gl kol

Lab)o. &=

(2008-03216).

Space

N

BA2 el A At &

1. Harrje, D. J. and Reardol, F. H., Liquid

)

i
o

Propellent Rocket Instability, NASA SP-194

1972
2. Laudien, E., Pongratz, R., Pierro, R.,, and

Aol 2

gk Aozt 7t

in Liquid Rocket Engine

D,

Preclik,

w

-
J_.Ano
T

4
B/

mj

Combustion Instability (V. Yang and W. E.
Anderson, eds.), Progress in Astronautics
and Aeronautics, Vol. 169, AIAA, 1995

3. V. Yang, Combustion instability in Gas

]

turbine Engines, Vol 210, AIAA, 2005
4. F. Giuliani, P. Gajan, O. Diers, and M.

o

Nr
_Ee

7Fz =27

Ledoux, "Influence of pulsed entries on a

—_

;O,._
&

%
%

¢
2

o
on

7
Nlo

9|
o

te]
%]

~

on
in
the
2002,

analysis
of
29,

processes

experimental
instability
Proceedings
Institute, Vol.

an

spary generated by an air-blast injection
Combustion

pp-91-98
5. F. Giuliani,

device
combustion
aeroengines',

7170

2

Fsich. wheba

<

|

1 =

= [e] 3
EAS #9

5\4

4

94

;L

0
0

-
ﬁ

N
o
<V
q
B

%

oo

el
Ho
Y
op

p—

"Gas Turbine Combustion

dimensioning,  diagnostics"

Technology,
Graz, 2007

ojp

Ey

o

Mechanical

N

Ho
;OO

Tod
oo
No

mK

Pulsator 7l

o3 =E5, 2004

(<h

SRR



H3& 2009, 6. 2 UE AR dACHE ¥ HEAE 57

Fao e w3k ¥4 2, d=dTF g7, d=33ests EFAStEW 3, 2007,

Z843]%), #1347, 7635, 2006, pp.59-66 pp.7-12

HAE, EAE, ALAW TEY] ZF A 10. 9A¥, Hes, 94, V. Bazarov,

of WE & 7 ol #AS HAFHFH A "Self-Pulsation Characterisitics of A Swirl

T, X3 A, A124, #2235, 2008, Coaxial Injector With Various Injection and

pp.1-7 Geometric Conditions", =< A v] ¢ 3} 8} 3]
9. AAA, AW, AFH, &IV, “ALEMA 2], #1107 #3%, 2005, pp.29-37



