-

brought to you by .. CORE

i itati nd similar papers at core.ac.uk .
M “l provided by NASA Technical Reports Server

N91-1087¢

MODELING OF HIGH SPEED CHEMICALLY REACTING FLOW-FIELDS

J. P. Drummond, M. H. Carpenter* and H. Kamath*
NASA Langley Research Center
Hampton, VA 23665

ABSTRACT

The SPARK3D and SPARK3D-PNS computer programs have been developed to model
3-D supersonic, chemically reacting flow-fields. The SPARK3D code is a full N avier-Stokes
solver, and is suitable for use in scramjet combustors and other regions where recirculation
may be present. The SPARK3D-PNS is a parabolized Navier-Stokes solver and provides
an efficient means of calculating steady-state combustor far-fields and nozzles. Each code
has a generalized chemistry package, making modeling of any chemically reacting flow
possible.

Research activities by the Langley group range from addressing fundamental theoretical
issues io simulating problems of practical importance. Algorithmic development includes
work on higher order and upwind spatial difference schemes. Direct numerical simulations
employ these algorithms to address the fundamental issues of flow stability and transition,
and the chemical reaction of supersonic mixing layers and jets. It is believed that this
work will lend greater insight into phenomenological model development for simulating
supersonic chemically reacting flows in practical combustors. Currently, the SPARK3D and
SPARK3D-PNS codes are used to study problems of engineering interest, i;xcluding various
injector designs and 3-D combustor-nozzle configurations. Examples, which demonstrate

the capabilities of each code are presented.
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SPARK3D
REARWARD STEP COMPARISON

Mach = 2.05
101 x 41 x 25 GRID

Qr = 0.39

JET PENETRATION IN X-Z PLANE AT Y = YQ

o Experimental data at approximately 1 percent.

— Computed mass percent contours.

Y,
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EXPERIMENTAL COMPARISON

Jet Penetration

61 x 41 x 25 GRID

Qr = 0.39

\
\

Qr = 0.78

’,//

Qr =1.13
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EXPERIMENTAL COMPARISON

Jet Penetration

61 x 41 x 25 GRID

Qr = 0.39
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Qr =1.13
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REARWARD STEP COMPARISON
Jet Spread

61 x 41 x 25 GRID

31



WHLRNOOTV ADVINIOIOVIN
YIA@IO ANZ NO adsvd HNFHOS NOILLVADHLNI

dTZZON
ANV QTa4-94vd J0LSNTGNOD HH.L NI dSN1 d40d

SNOLLVNOHd
SNd d-¢ AQVdLS 40 SNOLLOTOS LNHIOHAH

deAVdS 40 NOISNALXH

SNd-AeMAVIS

32



‘uostredurod aanssaxd [repy 'z

T

Aauluv

001 St 0S- e a 01

__ﬂT__-ﬂ____ﬂqq__.__lm.

0COoR -
—e
H afpam
] ~d
— 9 =

0¢

MOTA JANIOD

"SIN0JU0D A3suap pandwo)) 1

o1

33



X -

wl 96 co_.—UO—.C_NI

) suod aanssaid 3neys L i

\\\\\\ﬂ\\\\\ 777705

_
A \ /T
1ybiay uado wd 0oy 0
w3 8% ‘0 ubiay (e0y Wl 94y 0 WI 06 3

P\ M \ |/
s e s )

!

w9 Ge wlg
‘uonels Juawainseaw ‘uolje}s JUIWaINSeIW
11X3 UORDRS 1SaL w ¢ 31 |e1} UL UONIIS 1S3

‘uones Juawasnseaw
31RIPAW IS UOTPAS |9

967°0 = O%Hf pue 9gp"0 = N/ ‘863°0 = “0f ‘Y OLTT = L ‘S/W FOLL =7
:ureal)s Ire-pajelyia ay3 o4 0’1 = ‘H{ pue ¥ $QT = [ ‘S/w 9IgI =N mal 2
oy} Io] "AO}IN}] pue smoring jo sjuawtzadxs a1y} 0} puodsallod sUOIIPUOd

MOJJ 9y, "UIaI}s Ire-pajenyia yj'g YorN ® Ul uorpalut 2fy 1 YorRJN SIA[OAUT 3]

AOMANI SMOYANd

34



‘uostredurod wotjoeRl} oot ()Y T ‘uostredwod ainjeroduwa) 2107, T

h € 2 [ ¢ Q

m T T T 7 * i T _EQ ] EBS
—Z —gnit
-~ ONQN - NuuourH
- g — 8667
g _Jghgz

AOMNINY SMOoTINd

35



AdNLS SIHL
NI AANIAVYXH SI SNOOHS At INIWHONVHNH

SHAQON ( ONIDYOd JILSNODV -

dT4VLSNN TIIMS -
40 SADOHS @IAIND -
NOILVLIOXd SADOHS ¥VNVId -
JAHNNN

HOV ¥OLSNEWO0D HOIH L1V amiinoay
AV SWSINVHOIW JLNIWIONVHNI ONIXIN

JIHIINNN HOVIN ONI
“SVEIONI HLIM SaSVIYOTA ONIXIN dIV-T1dNd

SAIANLS LNIFWIIDNVHNI ONIXIN

36



5

W OPCOR GUALITY

e FREC R
3 P

SLaeruy umwwmu\mc/

INK{S payipoyy

iy

e e

z

L

37



W ‘NOILYDO01 TVIXY

oL 80" 90° 0’ z0 0
I | ] ] I 0
g
(0 0)
C
.
-
O
Z
- m
Al
n
@)
W 2
v §3IH]) — = - o
% 3542 =<
Jos

SLAf TITIVYUVd - GSUYFASNVIL HLIM LNYLS

38



S/W 00S) = A ‘WIB G0 = d ‘Y 000} = 1
WWGE=q 'WOG]="]'WO0Z=S

Wwo Q0L =M ‘Wo002=1

| 9|

AN

d

NN\
NO\\

O

W/O

o
-

| S |

JOLSNINOD THAON

&
4

—

39



SINdIN
"NOJIANA ONIJHAINIONA NI dNV SHIANLS
TVOLLHIOHHL NI ATHAISNHLXA ddSN ONIHY e

SLINSHY TVININIIAdXH 19V
“TIVAV LSNIVOV NOILLVAI'TVA HTdVIOAVA e

'SATHIIMOTL DNILOVHY
ATIVOINGHD  DJINOSYHdNS d-t TdAONW
Ol dddOTHAHA SIKAVIDOId YHLNdINOD e

SNOISNI'TONOD

40



LIO0ddNS OO NOILONAOdd e

STHAOW
TVOIDOTONINONdHd d0d4d .dJSVEV.LVd.

SYHAVT ONIXIIN ANV SI1LAf
DJINOSYAdNS dO0 SNOILVINNIS 1O0d¥9Id -

SHAoo
ALITIEGVLS YVANIT HLIM NOSIIVANOD -

ONITHAOW HONATNFHENL - NOLLISNVIL e

41

ODNILNdINOD TdTIVIvVd -
DONIAONIMdN -
JOVANOD ANV ¥dAd0 JdHOIH -

SINHILIJODTV e

SNOILOAIIA






