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Numerical investigation of back flow arrester effect on altitude test simulator
starting performance
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ARTICLE INFORMATION ABSTRACT

Original Research Paper During transient phase of motor burning in an altitude test simulator, the low momentum exhaust
Received 25 April 2017 combustion gases could not establish supersonic flow in the exhaust diffuser. This leads to a reverse
Accepted 22 May 2017 flow of the exhaust gases into the vacuum chamber through the annular gap between nozzle and diffuser

Available Online 13 July 2017 walls. This spoils the vacuum in the chamber and it is potentially dangerous for measurement

instruments inside the vacuum chamber. In this research, at first, the physics of the flow at initial

Keywords:

Altitude test simulator transient phase of motor burning is investigated numerically and the backflow phenomenon is
backflow arrester illustrated. Then, the influences of backflow arrester (BFA) in variations of vacuum chamber pressure
diffuser starting time and temperature are studied at the transient starting phase. It has been found that applying BFA to

computational fluid dynamics decrease the backflow to the vacuum chamber has no significant effect on starting time of the diffuser

but it has strong effect on peak pressure and temperature reduction of the vacuum chamber. Also, it is
found that reaching steady condition in vacuum chamber is delayed with this instrument. However;
using one-way backflow arrester of reasonable size, both the starting time of diffuser and the peak
temperature of the vacuum chamber experience a strong reduction. Moreover, the vacuum chamber
steady condition is accelerated with this alternative. Therefore, this device is more suitable than
conventional BFA for transient starting phase of the altitude test simulators.
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Fig. 2 Schematic of an altitude test simulator equipped with BFA.
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Fig. 5 Time variations of vacuum chamber pressure with different
mesh sizes.
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Fig. 7 Temporal variation of vacuum chamber pressure during shut-
down transient.
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Fig. 6 Variations of wall shear stress along the diffuser wall with
different mesh sizes.

WSed iz gla o3l b isates Jobo 5o 0)lps (B A5 Dlpeis B JSB

ool 5o gyl 5laiyls ozl S Slawlxe 0,5 60000 445000 ojlul
sla el 3 ol o5 50000 sV Sloslons (sloes 5| 5aios
olawd Budzd cpl 0 Canl SO LB iren Cewl oals colaiul goue
5 a8 Cawl glie LI 120000 5 L Sleslxe oSl sbyJsle
5 45000 ;I a5 [14,8,5] azlpe ol aSs Joho Slaws sogame

)l 18 el 200000

@oue Julod (g ) (P )Ll -4-3
Sl e 028 @l el b iy one Jelo g, (2 Lisl
st €1 [10] g e 3 S 5 5V L sl olS3lS spnies 5,
& o e S 4 S5 U oo el ol g
Slase wais Sledlbl ads 4T o a5 il e loj 4 atusly &5
bl astie )igaind g Cwd aliize gige JiU slul e Sl 0L >
7 &2l pegar al )3 &5 aed o (L 9290 g2 lie 10 g2
wdid Sledbl 8 ST asie ) gl o a5 WSl sezg (s0gue [l
e szge azlye 10 S el ;53 B iy sl o gliel JolS
ol o ST bl o il & L LG Lol s )
L1, LU o gl 45 5,10 3529 35 alye (5,00 olass «xl [4,15]
gy ol 53 [16.3] s S i) lisngd s s il
& Sedse b i b bz bbb Jolod mls anlis (oo
5 silite slhawslie ol 4l s Coo p oSE gz [15] e
339790 275 o S Sl ant b 35 gla Al ogat
Ay oalds &l s Como (g0b) dga U aS cwl oads &l ol s
sy e oL

Sl b ygise S0 2012 Ses 5 SOL oy S)p5e bl o
b gl olSglS 5mins o dawgs 47.6 bar gliol Lid L 69.5 Ll
S50 gl 0l ol lp el sad (g3lalel, attie dwiin
Gl e o b gley )38 L ol Bl lad oS cl a5
S ol 31 L5 il o sl ) 5y s 55 e
Glosl8 oy 9955 bog osdiee gyl Dbl I s o e
ol 53 355050 Gt I Alina 13 Y S Ll D Alina 4y 3o
Wpd gy Sondye g 39808 )18 y50eh0 5 J3U 5o Hlubl ol wllaxd
9 S,k oedioe Slegi Jlrs Dal 4y S5 5 e (99959 50 bz
S oae oS 5y ) esliiul b 1, oo aliee ol 2012 o Ken
@ Lol wsles,S gdae Judow ilesls &SIl [15] az o yo 1, o] laseios
FoS) 2bsS gloj alold jo colainl 5)50 3500 4T Wiloduw ) 4z )

7 ooleis 17 095 1396 MR )3 Sulse Swiie



©3Vg3 all Zaass

gLl Jlwasuis oliinle 3T (5 )l35loly 3,Shos »3 LiudsS p3 Ol 0 3930 Y3 33 ) 22

@ ade gl (B (Sl an 05 Jlw by 4l 4 az g b 051,300
o 1y sl o515 Jolo 5 g isile Ll 5 e s Ll
Tl Spe@hle Sl 5l e (639)9 5 48,5 1S Cews (b llps
wlas )3 JolS pob 4 J3b 5l (295 plyr S gl jo il eud
@ 4z b el oal olen (ST (slayys goe s oats bate 55k
ool o0 Jole (gl i Anld o o5 O altizs ol i
S8 (10 gl g ead D bz o)y 5 Jlw 0> Sl 25
35 Jhows 5Lid aliil eely 228, b,m (0.0085 S abis) ol i S
iU a3 amio ;o JLad (all L st oo J3U geliy b D alaie
Sl Sl ol 5 8 UK 5 S5 5o ol o sleryd n
il 5 oloy cusdS L (0.0110'S alisd) ol ol Lalial 1, xS
s Bl 508 15 36 51 ol sl ym o3l alsions L5
NS abaizs wlas )3 jLad el el j5oeds 63959 5l (25 5o 05
i) Gl 00 £,5 M alaieo 31 1)l ass Aoy (ool 4 ol 0
S aiime ) 8 4l ey o3l lid il L (0.0318
wlos ;5 logases J3b BlbI o Led ael b b g a8 8 (g i oud
8,5 U )isehnd (599y5 g 53 oS b lajls Ll )T (s>
Cel yiem0 0)les b oads Jaucce Jlow S 0,95 5 oK pl jo el
Slaye slaggs 5 slojezy aelsl p3 ol oads ble sl o zoo oS3
ool 5o 500 Ole 40 .(0.3222 S alasd) ol a8 )5 S e Job o
Sy zye JSi b plas 0ol ) el osd 3lalely p50nb0 Sl
5 0gber guinl (e il Jlid 4 o D aliie gl bl
@ Jbw o515 (hle Slays Slazse opmy JoSi b aalsl )3 (ioren
T O o sheadl JLS G ek Jsb o (om,w b sk
@l eSSyl Bogs ey Slirge el cul 0gdioe ploxl )jeeiss
D 35 sl 3 oY i S5 05 0ald lone el Lo
IKy] g
s s Sl i ol sloibsn 11 5 10 slaJSa o
Ao 50 50 J5ehd S35 0 semme 50 JS e Sl 5 )jeees o)l
ool Ll ey (0.3222 ) (gjluilel, 5 (0.0318 8) (gjluslel, sase
moly Dgoisile ek Sy e o ,Sles )L laaaiin | cal oud
el Sl Jlad il elis,) jlodnd i o 0ad gyl
6395 53 (ieg;d Gl o J3b (29,5 5o Sl Lad 5l iaS)
235ed Job 5l Slodas Ceand 50 oS Dad b slaly jLad (Al jends
(o yhuadl JLid B) 500800 Lkl Coond jo JLad om a3 il
Sl Jow o515 slaSony nl 10 JSo @llas [16,15,13] wiboe
I e ol a8 F IS addllas 5)50 )j0e0 0ad (g3lulel, cl>
Caxlge 40 49500 > g0 JS jLad lade jo o S| sgzg L (11
Gy e Jsb o il U5 jled Slis (X <06 M) ioiss (599
ot (gjailel, Lalid 1o 45 5y5b 4 wen] o0 Grglite jleams emisd
el (Gond 208 L) bl slays slagee slop il )ioeiss
2 aS J s cwlsad jieas slal o Jlw IS5 jLad S B
e gl 698 lauys slagas 6,5 IS8 L oad glalely puae Lulps
JB S Sl 00,8 T il ol 5500800 (639,59 4>l j0 Jlw IS
Caond o 1 s I s g3lailely Sl S lad mie (0 axg

2o oyles 31 by Glas ddo a4 el ol el 44656 oF 8 Lyl

7 o)l 17 093 1396 e (o0 Suilfo wise

Gl bz Loy )lad Ldsn b ol ileand @l (i cal 0
Golodnd 9,5 10 .l 48,5 )13 Cxy 5,90 BFA eai (900 B JS2)
3045 gyeb a4 cuwl oad ools 1,8 a9l S8 S slel o @WS51,8L0 e
5 B00 K (sles 50.04 bar jLzé) o i Lal i 631,500 51 L3 >l
K loo 5 0.88 bar JLis ) s yiessl bl 151505 5l sy o>l
3 e o ond ail) llas b sllae gode Jolos bs, el 1,5, (300
Ll 00U &slwosly \&_AAEBJ.S )‘)5] er
slapley o 1) obyr gl sae g Skl jlad ;555 9 58 (sla IS
sl ools ioled ieatss (gillel) g jeige ol cpig, (6],A8 5B Al
doe 4 o8 b (0.00665) abisS s alin) 10 8 USE allao
palp oS3ls e yma |y Y Lt S 5 o, (Tl
Sgoigle Oygo 4 by b, b pl 0 9 JSKs e .ol 03 4]
oMb gme Sl an Sl cwl 005 (g9pdy Hiekis 2959 U

Static pressure, bar

L ___ L
00 02 04 06 08 10 12

“ 0.0066 s |
“—r 0.0085s |
E 00110s |
PN o0iss B
“ 0.3222'5 %
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Fig. 12 Mach number variation ins center line of diffuser at two
diffuser statuses, unstarted (0.0318 s) and started (0.3222 s).
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Fig. 13 Static temperature variations in center line of diffuser at two
diffuser statuses, unstarted (0.0318 s) and started (0.3222 s).
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Fig. 14 Mass flow rate and much number variations at annular gap
area during motor burning.
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Fig. 10 Static pressure variations along the diffuser wall at two
diffuser statuses, unstarted (0.0318 s) and started (0.3222 s).
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Fig. 15 Static pressure and temperature variations of vacuum
chamber during motor burning.
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Fig. 16 Static pressure variations of vacuum chamber with
different sizes of BFA.
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Fig. 18 Mass flow rate variations at annular gap area with different
sizes of BFA.
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BFA and ABFA with different sizes.
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