19-10 (ypuo 07 o plodds 18 0995 1397 i (w30 SBle Swiiie alxe

)f SID

uu&j).\ uc.lc asliale ?’ l" __':___
W Sl (wigo =8 -
= .@_ AE
mme.modares.ac.ir T et 967Ny

2990 owgals Oloj 30 S5 Hlwdut oG LT 18 Ob > SO () ¢

"5aY 8 allcsans

O eyl ;_rlL"’-'“m};i Lailgn r“""@”‘“d}i" Joasll £ 6
n.fouladi@isrc.ac.ir 13445754 sy gosio o) pi#

LR alis oleYb!
AR ey 90 0l 8330 (il 2509y b yige o b gald loj 53 £l Lot o} K 2 Slas pib S 2 196‘)‘5 L’Z‘”’}i ‘ﬂ"‘
Jodgn b (Ltalesl dlaione g 4156 089S joudsd) )] jlotend ol i 13 sl (il b @l g320 b ol S L3000k L ik

1397 3y, 042 505

Sl Gl g8 al5s )3 eslial 3pe jiadid 3 8lae g s 0l 3 plr b ol 0l plol jgige (Dgal lej- L2 1397 cutgus) 07 scls 2 o)

29 en 550l oYL 3l L )3 paie e S0 o) e & Wmd e LIS JOb (300 (gla gy Sl ABS JE )y 290

E ks
otelegl dlaioms B & p 5 (sl 85 b gt e ) (s3lably s S gl e @ G L 3 g Bl ol 0 &) }b'e: ;:hﬂ
Sl &l e Giolefl diims S5 Sl glas Gl olie ol b o Giol33 2200 K b iz 31 s Jawgza (gloo Ope gile jjpb2
B s ol i 55 e plfly 208y ol 02 gt cmd 31 o 3uions ol 33 sy wasal 5 13 3gmgn (gpfeslad 3e gt dbye
bagie slod 2alS ) glo ool ot 36 & ol 003 03y (LSl B B oy 390 1590 BB Sloj 3 i) dlais e t:: d}u?":
oyl o S 3 aS 4y sl > Jh (o cmobio g5 b gl K4 s b 455 4 ool S ol i Joo ik

Ak SalS s dgdons jl aslazal e

Numerical investigation of flow transient phase of motor burnout in an altitude
test simulator
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research, the performance study of an altitude test simulator at transient phase of motor burnout
Received 13 February 2018 is conducted by numerical approach. Using a time dependent pressure profile of a motor in bumout
. M phase, the unsteady exhaust flow is simulated in the main sections of the altitude test simulator, i.¢. high
SRSl Ccline 23 a0l expansion ratio nozzle, second throat exhaust diffuser, and vacuum chamber. Present investigation
Py—— !.Sh()\\"S l!']at in spite of the high pressure sl.arting condition of’ the a[litude‘ simulator, the supers‘onic flow
Altitude test simalator in the diffuser tends to breakdown at relatively low combustion pressure in the motor terminating phase.
supersonic diffuser At the breakdown condition, the nozzle exhaust hot gases directed into the vacuum chamber through the
motor burnout annular gap between nozzle and diffuser walls. Present simulation shows that the overall temperature of
ﬁ:fk“i;:‘izlai’:;:‘:i°“ fluid in vacuum chamber is reached up to 2000 K after the motor bumnout. Really, It is potentially

dangerous for measurement instruments inside the vacuum chamber. Furthermore; in this research, the
influences of backflow arrester (BFA) in variations of vacuum chamber temperature are studied at this
transient terminating phase. It has been shown that, the BFA can decrease the exhaust streaming into the
chamber in initial breakdown periods. Results show that utilizing a suitable BFA size, the safe

temperature condition could be established in vacuum chamber during and afier the transient
terminating phase of motor.
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Fig.1 Schematic of an altitude test simulator.
el jload pis Sl (Soles 1 S

load cell

Goigreied 4zt 3L L 5l gyt ] b el a5 U,
[3-1] wigd g 3llely (55 00mly 312l JL2d o 4 ooy

§ oot gy SLaple) 0 s W] Jluand S UL 5 Shee
J1 50 55ige Ko a0y, (635 alad o ls Sl gige ngels
F o b s e b g (o5 Jow gl Lot
dme sl gise Sl ozam Sl lajls luld (o 08 e US55
s Rl L ey oo b8 b g e hales] alaie oy (il o5
bl adiioms a o ad adsd Cals g ol (g3lailely Hienino (3l 2ol
inlesl adaios ailas o5 sad (giladll, el o [5,4] sad oo
2358 89959 53 Jmle M Slazss 5 D30 Gsfle Lz Ly
a0 wlgm JiU 5l 2% Gjl o5 sgdion Sl ol (pl 3gdse g0
S 3l L jsse a8 Glaj U ol pl S Sk ol alaione
SSeilal gosgn 8, talesl alibome 1o coand M LES (a2l a4zl
ad> e po, b jlocm [6] cual Jlojo5 5 (SIS b ) Lusg) bawgs col 5
ol Do Gaile ol piege s3] LS 2alS L e (Dals
Al JiL s sy iaekas b o slps el 55 5 anily
Lol 5 g jeind as 0o > ey ol Lol e el (l izl oo
53 aiygl e dg2gan s o Shes (g0as gy o |y sloaons
alidos o)y Blzsl glajls g oud # > sladlel, cls 3l 5s.a0s caalsl
2 oslas D ialel alaims 4 Bl GlajE0g,9 L ogge inle]
oMl s ) B Juosg) o’ s5ige sBly ol 9 8, 1 31 ]
O3 5 sl 2000 KgYU slos L) 0,5 sLajls 0,95 5 151 2
0339 (925 L35 D j30 0 39-Bise ialejl 9590 9550 Gy 5 gt
W 4y (F g i )5 51 (6T (5la g Sl (S oS A
29 3y gz ol ygige

i 090 $U pzle lagi e il 3 sige (Dgals aliese
Gl by n ol @l 5l g Slir o5 gyek 4 el w85 18
@ Olg s oud dilf pgaz (ol 3 &5 SlEES (p fege el 0ud
[8.7:4] 5,5 o )31 2012 5 2008 bl ;5 o, Kap 5 S o,
o glge @ 0 00 S8 2R LITA] g2l o olen 5 SL
880 1y islojl alal 1o ygi5e (Lhgals Sl 0 2 Saltys (Jole
b ol ilad Judgn (28 L 8] g2pe 5o pltal ool I8 25
ol jo goae (gilwand s 2850 K Gl pxl alabons glos g oucals’
P eoBes 5 Sl g 83 plonil gla oy o aloals w1 Ll
Oemen ol oat ail)] | muls il Lylph s L iy egas
Wl oas &l 228 ol g5lesgame gl (g 5],

S5 S slajlatnd 3 2 Gl IS i IS Sl o
obes 52 5 2 bz silesgaoe sl (Lo Sal; g0 [2] cus pdy
bos sl Jhw 5ol 5254 5l S jle &5 500 2929 H9i90 (SBgal>
Sl K gl ey e adbise b oSy Blie o aile sl

07 o losis 18 093 1397 o s w30 Slih\Wakilz] [ 1T


http://www.SId.ir

Archive of SID

53Vl allsasns

29590 higald loj )3 plisyl Juwasub olfiiulo3T )3 Oliss (§33e w)se

5 35 Oselm 0 1 e D Lmld g oad (Ghalejl aliime L)
S g Lk 5095 jglody ygige (shgel> Lo} U alejl aliions

aie 3l diie L2 5 J3b awain sl jigako b dLlE
olal g 098 cos Aoy e hb a4y alie pl o 298 o plxl
51 9oz 50 Geid nl o oolinal 350 (el altions g )550kss (ais
b ot >k (755 S350 siaked el 0ud ool oled M4 S
[13.12] gzlye po wilion 0lyz goue Ll 5 o6 Slay o e by,
sose slallod 5 ot dll B s zae olily (b pnsSl
el 00 &l UL > jo ey canlie 3,5,15 L3l gl p3Y
So gl @l Hled el L edls amll S s gise (SDgels alam) o
aaame gancl Coxds g 09 e 7B gillel, Il e (gos
el D alaiome ol LiS 4 drgi bdald ()l p0 09,000 (e 5 OB
Sl ol ol iabos bz S aize J3 4 Jib 5l (295 slaE
000K sYL) Vb oo hamee 4 D5 aliiizee Cand bl 50 45 395 0
Jlezs! y ogdle S aliizme S5l 4 il Gl bz 0ed Jois
3 eleiusgame el codl (Sae (g Fojluil gl il 4y il o]
s s LB sl plas) jlodnd olfailes] ;5 jeige aiay gadly ;)
e izmed g y8ige A Jg o e oled 1S, () islanng o
S e ol ol cisal Bl y s lalb gl oails 8L Sl Gile
s’ e 5 ¥ D ploe I ke A o il Sl
s (255l BB Bale g diny led 5 Slas

byl o (2855 Gl eutS sgame lesliiul LU Bode l o
B s 030 o1 5 g y8se (Lhgels o) o talejl Al les
4 e g jlodnd o ol a5l (Solas S JSAT 0 0,5 e
o5 Je 0 o el gsils> aile S BFA Lol s eols igles BFA
Sosl S5 BB 0900 aati 50003 (5395 0)lgd 4 NS alaine (sodl>
@ Sl piage Jil Lo & Jib w0 gl ) el Djg0 0 &S5
ot b ot 5805l s oy b ke 53 aile (Bayb 5} Jib @5
e b obr o gilant b BB (pl 3 oy salss ol
Sl Jole 5 O aliise gl olmii  BFA Giliee (slasjlusl

RIS I BUL IR RS C RN

FReliel 9 Ob 2 $dae Judod 29 -3

S g e ;0 3y slie hy gous slagiluand pol e Jld o
25 ohr prmen 5 ol Jae (1110) lide S5 jo D a
Jhw gl 5 oSl SVolen Coud osd plavl DS wim adly oleg
BB a3lioo LLU n3eS15 g s 970 ()8 p58 4 (pS gl gl SYolas
N38le 5l Baims ol g0 eud plol goae slo Jlos adS o a5 ol S
wgode = g, pole s 0 el sad sslazl (Fluent) cusgls
sove Jlod oz lzel tzmen 5 adgl g (5550 Ll Sl &S0
el 025 a8])) LLL

Ol s el By 13

RieSlE 2as @ Jem ol (P Gl (g5 ik S0
S gy 4 e e JBs o ) o Blae 455 0l 61 5 ol
3 G ol 2o g Jalod yo W o)l (52 85 Lua
15 Aol a4 dzrg b [14,8,7,4] ol st oolicel Lo JIK> J> by,

olpe i 4 g ok Glae g Gmle P A e

07 o louis 18 ©)9> 1397 MR eI Sl WA

5 oilajl adiims o Jlow JLid 5 Lo atity e plsteas aSlse ol
Ol oy Soil Slaie ax jgige il haels o) jo jjeaiis 3l o
‘u"ﬂl—")i a_laass Lgh_‘,l_...; 3 u_‘.')t.:- cblas eV f)\l J‘-"?b‘:'- Skt 49 )_nl
Jeae oS (2o g alaime 13 952se 5T oil Il 5 sk Al
b as o ool ojee jemiie S o JLLE SS iebs A 4
95l ol 0 el el Sapd e )6 (gl il ) 2]
e eizman ol e coal i allis (gloan s jalaie 4 4l Sl
e oS jaise 0t Bl ol 3 j5eekis Jsb s ples Sl
5 iF o by ol e oljee 4> 4 BFA ISl ) 5l salazul b Saczen
Cala \)i.ﬁ]: Ol alardos =L|1) l’)f
g Ol wmul 5 e | SLIS (Eades cpl 2 i o el o
R PO S S TP XCEL QT C.iLa g oad &l G 03K
bl g sad s Gl goae s Bg, 3 isu o cudl
50 el 00 @l Bdes il 4 s o Sl ead bl goae 0S4,
BFA cai g > j0 g0 gileans mls @l b ozl g ol
NP TS oppe > Al o jgige (Ghgals i) 0 plr Sopd
[P O VU X W T O PR B N X T N I
e 50 ialejl aldima oles Sl pess o iz glaglis | L BFA

FOWA PRV N R INPI- M PO FPSICEINCH PERCH PUTIC N I

a0 0 551 § S Sludand DL 2
G BigS o0 55 52 YU Slelis ) ;5 oS glaail,d o s LI
2 dgde Sl 255 pio sl Jeas sly gise J3U bl
Wil sl (2l M 55 Ll sl & b ygige WSl & (9
s 3l Fial slails ol gl J3U J31s 5o wisgd GhalesT (e 53,
"2 ST e b anlys (Tpdedey 40 Wb Sl 4y jrie g oad b J3U
45 (A A"=40) Y bludl coni b 36 S sl by oS 5 (Soleds
JSa" e el sad sl Liles wil 00l iulesT 100 g kmOglis ) 5o
50 el oud ools aled gls)] jluacs K Lol e 5l Sles "3
iileil 000 S5 g sgise (ale] aliizme L) b alize IS5 oyl
5 Jib s ch onle il o5 5 (el Gl (2 2 ) jeekes
Sz gl jloacs SO je el oad sols tuled [ias (699, ke
e Sy GVl 6 b g W ygige Sl (5T o3l
sigedes £ 51 IS Gl o Bl Gl (23 s5eekis 9 00 Jate
ey 2l 50edd (6935 42l glacend g el apgill SLLS
S 090 el oad LS Sge (90le ik i g gl oSS
Jib Sz p sbajls & el ojgo ol & 2ol S (295 )jeekis
Jh o Wghioe jigehsd $05)5 Sud 3y Manis 58 Lalih o
e R e RTL
b5 SSbwl JLad l 3l g Cepr G0l 4 &5 S9d0 JS25 ol
olpo b by slaye Zlal gy J3o el 0w e SaS
wB Slapo zgo bawg g 0ols £, y500k0 Jsb 0 Saden g ek
51 0)9008 S Jawrgh (s 3950 0, D90 2 & Ol Sy
b osdies o515 Liged (2 0 el LS L Sl slasls
S Aomb >l ol o el jlad ieates 639)5 50 b S bl
abiins alas 5 iSe slal Eely ol ol Spdign Jib seys B LS

! Under expansion

WWW.SD.ir


http://www.SId.ir

Archive of SID

[CRL TUR NIV Y H

29590 igald loj )3 plai)l jlwasub olliiulo}T )3 glss G33e L)

oljlue Slwlbe &l goae sl Lo plowl cg gdios onl 0
obr S8 o jshatedr 50 aY e o sad eslinl Al
B Hlamsline 0,5 olgd alald o (5 0keas wcd 00l 0,8 0,4 <Vgrsg8
5 aSed Ve aSih ol b el e e 0.1 51 a8 300k o5l
ko iV Joe cenlio a5 il oo 10 51 1205 00 planil slo Ll
s ol Gl gese > Plaud ) olebl jslateay .cwwl SST
Sllme 8 ilie slaolail b Jlow oz ol Jelo o Floailne
ol el sad Wl [10,6] sty jo o) p ol b 2ol 00l plaul
4l gl leans SO g0 e gose Lot gl o5 Cl oa ool
solazul 5,90 a5l S o glaS Slewloe 0,5 50000 oYL Sl

el Glslie Jolus 151737 50,5 83693 gl )ls i ol jo

LLU goue Julad (o lsel -2-3
Slp pias o @l gl eslimdl b pils soae i b5, (e jloel
ol &)1 [13] az po jo 5, en g 55Y98 Jawgi aygili olFelS 50000 S
Lol s by sl Ll @L‘J [10] E e 0 (pizmes Sl
Sogh Gl )0 Sl sad i Lol [B] ax e sLLL g0 Llow b
Jeb mls plyr oue gilvand Sl i laebl S g
salels caSingy 0 oud plml o0 cud s b ol LLL
J|J§ T 2,80 4ol Il a5 el 00l awslie Q'_,J_! ‘_..._t_LAS Jaig Jo>
sl azd F

S e 0 M ol (635 e dd o8 pdale "6 S o
ool g0 e alhize g yiams 30 1110 ulde ccusl sud sals iule
Y olpen 00,28 glsp (33 G Gl oad w8 8 Ll s 0]
20 5 L8) jeige alaiss o 28-30 bar |ld slml gl s 5 g
(Sl oy L3 sy rimad ol o eolizd oS e o 5y
38 St Oz [15] azpe 0 ool oud oolaiul gige alaama Jls

[13] 00 (ko )ipcias (i slayally polia 1 Jgor
Table 1 Geometrical parameters of designed diffuser [13]

Jlaie s S Sl

8 (L/D)y 53 AJA

0.8 (L/D)q 70 AgA

6 O 1.855 Ad Ay

6 Ot 3.32 Ad/Aq
4.0m

» j 4 = ; .

Fig. 4 Geometry and dimension of main section of altitude test
simulator at present work

Fol s )0 el )| Gl Lol Cuand lal g awain 4 S0

|

Motor
2
>

LX

acuum Chamber

Diffuser

Fig. 5 Schematic of an altitude test simulator equipped with BFA [10]
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Fig. 2 Illustration of flow pattern in a nozzle with area expansion
ratio of 40 at 0 and 100 km [11].
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Fig. 3 Schematic of central section of an altitude test simulator and
flow structure at second throat exhaust diffuser
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* No slip flow and zero heat flux
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Fig. 7 Comparison of vacuum chamber pressure versus time resulted
from the numerical simulation with that of the experimental one
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Fig. 11 Mach number variation in center line of diffuser at different
times of motor terminating phase
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Fig.12 Static pressure variations along the diffuser wallat different
times of motor terminating phase
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Fig. 9 Static pressure variation of vacuum chamber during motor
terminating phase
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Fig. 10 Temperature variations of vacuum chamber during motor
terminating phase
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Fig. 15 Contours of static pressure in computational domain during
motor terminating phase
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Fig. 16 Contours of static temperature in computational domain during
motor terminating phase
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Fig. 17 Contours of static temperature in computational domain
during motor terminating phase without BFA (h=0 mm)
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Fig. 19 Temperature variations of vacuum chamber during motor
terminating phase with different BFA sizes (h=0, 10, 15, 20 mm)
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Fig. 20 Static pressure variations of vacuum chamber during motor
terminating phase with different BFA sizes (h=0, 10, 15, 20 mm)
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