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Numerical Prediction of RBCC Engine Pumping Performance Under Sea Level Static
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Abstract: Numerical simulations were conducted to predict the ejector pumping performance of our rocket-ramjet
combined-cycle engine under a take-off condition, which will be tested in the Ramjet Engine Test Facility at FY 18. Our
code was verified by comparing the numerical pumping performance with the measured one in the rectangular ejector with
constant-area mixing duct. The numerical simulations in the combined-cycle engine revealed that when the engine was
driven by cold Na gas, the suction airflow was chocked at the exit of the engine throat at the rocket chamber pressure of 3
MPa. Above the pressure of 3 MPa, the suction airflow rate was decreased because the aerodynamic chocking was induced
by the underexpanded rocket plume. When the ejector-driving gas was changed from cold N2 gas to hot combustion gas,
the suction performance decreased remarkably. The numerical Mach contour distributions at the combustion gas injection
showed that the rocket plume was remarkably converged in the constant-area mixing duct, as a comparison of the result at
the Na gas injection. The reason why the pumping performance decreased when the ejector was driven by the combustion
gas was explained by the analysis of the ejector with constant area duct including heat and mole transfers. Our analysis of
the ejector revealed that the heat transfer from hot rocket plume with supersonic speed to cold airflow with subsonic speed
induced the expansion of the airflow and the pressure rise. This pressure rise was the reason why the pumping performance
decreased when the ejector was driven by the combustion gas. '
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Fig. 1 Schematic of rocket-ramjet combined cycle engine to be tested in the RITF.
TH5.

TOIUIVNIREINTTA > Ly MER, DEERS, RN, HAHBLUOTRRBRBHMOSDORI NS5,
ALy MBI EEATEOSEWT y DEAT S, X BBIRIMEELIZ1.22&8 /S, ERERBOZ > T2k D,
BRI 55, T2 TR—AFHIIE, EI550mmO—EMREFTEHNEEL, 07y MER & TNAAZZEIROE
EMEEIN, BOABMEREOR ENRR SN TWS. Oy MRERIZEIC IRz L 51T, REEBRE TES I NS.
BT, TOEFETOY v MERNORBRKSE EHRVAALRERNES - RT3, 20k, ZOWTENE LRSS
EEIENS.

COEFRBREEREL DLy FEORITIE, BRBICXBENEROLBAOBOIZHED, 1Ly FREBEHEMHT S0
17, DEEEREAIEIZN A EMEREEART THS. ERREROTRICIE, EX760mm - #AMA5.26° OILKE, D TRIC
BEMTERENTWS, AHIE, Vx4 - Py MN5AY 2y ME—REICIESTERT « 7Y —& L TEHE, F
FFERA LTV SN RBHEETLN S, RIRELE U TKRENER END. Z0720 2O FRETHIZTRREES &Fdn
5. BBAISAY Ty NE—RTIE, REOTRESIILAT LR DN, AL XVE U THETS. ERoT>
DT, TRIRE ORI LA REDPEEMNMICKYD, THBEENA N — b TdFa—IPNERINDEEALND
N, FOEDIREEZEO KRB EFEN L Tashkn, TPV RRTHL2EE 2, IDPBOTRBEITEF a—
DAGERENS LD, TRBERHOIAD— MBITSNSFET, A0— NEE20/40/60mmAARIR0RETH S, £iF
TRAO— FEE220mmE L TEEET- .

2.2 BEEE  HEII, ELAZOTEHEAETHEREINS TAS code & JAXA O/NFOINRIGTRICHIRL 72
HOE[H Lz, TAS code TIIZE OBEEULIC, WHEEBZHSICESET D cellvertex ARAEBENAW SN, RIVERE
TOlE%E, HiSOYHEEF I TOAEDREIZLD, BNFTHIET, MOBREELIRSNTYS. FREOFHEIC
I3 AUSMDV %, BRIEOICIIIFEERTICHIETES LS TR I N/ LU-SGS B2 MA Lz, 2d, MOERIE
BT A 7= OBIRERIZIE, Venkatakrishnan OHIEREIEE Wz,

(21T He, Oz, H:0, H, HOz, OH, O, H:0:, No® 9 BEE OV, {LZ2RIGICIE Stahl & Warnatz @ 9 b5
BI7TERSEEZE L AE-BERSEEHLE. LROBEELSHTELS L1 /IVAEHIE, #EvERNTET L
X1, AT Coldberg-Ramakrishnan —HERXETFINEANWTRO TS, HRICLZHOMEOHREEL, SLiME
BRROBELMEN S, R EXZB<IEBLIT v, ZANT, EFE TS MIVE Prr EELET 23 v M Ser & Prr =
0.9, Scr=1.0 LEEL, BIEEHEREBHEBREEREDLL L TROTVS, FEFEICDNT, #FLIEXEDB]Z
SRIN N,

2.8 BERpErBias 2K ABTHECAWER
TEFEYT. HERE, N1 7Yy RIEEERFII0]ZRAWE. &K
BT, HIEREBIIBITDZRETWVIAHLZERET /2017, K2
WWRT LD, AEERE L CEROBRTFEERL, T2V 0HN o
R DOAIZ S THMHEICEL THEEZTo . KREITREN
LOMN, EELIYVCORERFTHD. BLERKTNALER
12, #ET ULy MEREERRWIAS DDA RT LMW,
FITARRETIETI DLy FEEHKEL, HITRENSLIENL
RUZAEROYICEET LI ET, BTEEOBNEHS A, &
BEATWOREEN-> &, T2 RAHOKTFHEBIESMm, BEEH
SEEAFOR/NETFEIZIOumE LT, BT ETIDREL
MTREIIMMAERTHD. ABTIE, BLHREBIIBITSRAHE
A EHEBT R, ¥ROAEERAT LT, XKKE
P=0.101MPa, REEET=300KN—ELRdL3ICL7=. O
oy MREEEEOHALZENL, BEEELC/FEASESLLZ—KT
TEstENLoERE2, S XA AO0—MIEAK

{a) cuter boundary

{b) surface grid of engine

Fig. 2  Half sphere type of outer boundary and
surface grid for ejector-jet simulation,
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