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On the Variable Pressure Combustion Tunnel
By
Hiroshi Tsuji, Morio Hori, Tatsuo OKANO

and
Ichiro YAMAOKA

Abstract: This paper presents a detailed description of the continuous flow combustion
apparatus, namely the variable pressure combustion tunnel, recently established at the
combustion laboratory with the object of studying the combustion phenomena in the flow-
ing system. This apparatus can cover the pressure range from 10 mmHg abs to 6 kg/cm?
-G, and is equipped with pneumatic control valves to maintain the flow rates and the
pressure in the combustion chamber automatically at the preset values.

The air is supplied from a two-stage screw compressor (flow rate, 780 Nm?/hr at 6
kg/cm?-G) or from a high pressure air reservoir (capacity, 524 m®; maximum pressure,
15kg/cm?-G). The city gas is fed by a oilfree piston-type compressor (flow rate, 200
Nm?/hr at 6 kg/cm?®-G). In order to measure and control the flow rates over a wide
range as accurately as possible, seven orifices of succesive capacities and four control valves
are installed in air feed line, and six orifices and three control valves in gas feed line.
Air and city gas, metered separately, are mixed and the combustible gaseous mixtures are
fed to the vertical combustion chamber, the horizontal combustion chamber or the research

rocket motor of gaseous propellant, etc.
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i A RI1E 28kW pEFEEEMREE (EHES 6kg/em?-G; i FiE 200Nm?/hr) iTX - T
WX, BEZ V7, 7)) 74 ABIUHEHIBEAZETRARICESNS. BBEY
ZELT, BHA RPN Ta v DPKEDLIBRR VY REDOHASHERLD 5 KD ICE
HEINTED, INSRENTHUEERZR TR ABRBEICRADCENS.
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BEOEBOEAIE, BEEHESIOFAEHEBEZFER LRV T, Z2813AY 74X
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T, FEMERORBEEABIOEA ) 74 ROEREDOEBRDEAIZ~/ 22 ERT 5.
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hic 116kW OESEfEKE 2 OMEEE, RESR2HE, 4kW oHEZER Y7 (1), 56kW
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22 13m D7 L— v, EEEICE lton, —F 23m O/ L—vBEDDFLNTNS.
FRBEIRCHRE 7 7 V14, FLRICLA, FNEC3IATAENRMINTED, BK
Wi HAEELTWS. EREFHAOBRMCIZMEE S R AHE, BEERVITAOOEREZ ¥
I BLUB0ATOH R A —2 2HBBINTNS. REEREFAUOHK[ETERZZMICK
BINTVACREREBEILFICE > TS, THKBBICERT2HEKE MR T 5K
RYTFTBLUAHERBLECRBINTED, FI1XICHI2BHRBICK >THE, FiEH
T3, FINRIEREOLEDEHELYRT.

3. BREEE

TTREZADNERBOTHERILISIC, ESEHBEOBTELERELTHT EDIREKOB
ERECELTD—2DREVFRATH -72DT, EHEEDOEE, TORBDOPEITHIT
BEAH 7. AREEFERALTAR->TEHEROBRBREEBICL, WALARE LK
B OBERRICOWTORBIEE LTI, U LOREKHEBES 8kg/m?-G THY 900
Nmi/hr BEOEIKERINETHTHA 2LV IRASLEZDY, ThUALOERRESE
BEETIERICBOTREFSEOES AT I LIC L. FEHE#EE LU TREICERE
SICEHEEOEIBHNEAT 20%2IEL, hOoMHZESHEP ORI L5~ D1 T35
CEEFREL, FERHRXOEHBEBIOVTRETLEE RF0HE, KE, BETOMHE,
MNERRAR—ZDAXINESEREL, XLUFSE~NOZESKEAEHRE LTI TICH
AINTVWAEEEZDDOEEZLT [9], RUEEHELIRHATAIC L. A LKLER
BoBERRKROBEDTH S.

KOBE-SRM 2 BT figik

pin'} % KS 12T #

5 B 860m®/hr——JAREE (R&HE, 20°C, B 80%) KT
780m?*/hr——fEH#E{RAEIC T

e ET 6kg/cm?-G

E N 14,000rpm (1, 2 Epdt)

B 116 kW
BRE) 5K - BRI ICEER (RKICARD 20 L TER

BHKE : 17ton/hr, 20°C
FEE
EiUN v PASHE R T T R A EETH (i MM 28D
w7 120kW
o #ix % 3,000 rpm
C: IR 3kV, 50c¢/s
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Byt E S 6kglem?G D& &, 1 BRUEME K L 6kglem’-G TH 5. 1 BIEMEILEL
BE 165°C T, F 1013 2 BRI ket B 198°C T ) VMO CHEMEKIZELT 5.
%%wﬁmﬁéﬂmm%ﬁméﬁmﬁveﬁiUEﬁ%%#(Nz%Eofkﬁ$mmmé
Nz. ~A422F% Vi BXO V: EBHOEFELRL T5H0b0T, EBEHEREAESL
>THE Vi, Vo QIETEHL, B0 3 OFEORIFEITED.

FiEih Sl I hZeGhokadBREL, HOEKBESEBREICTY TERLE L.
A NEGIRTT R A EREBICE S LD IERBTRICY ) A5 vESRES T im Lic. it
BEBER 2T, 1 EsRERICHETNAFELTEVERERET 5 LHTES.
BELYA V8 TH B, el Lic BiEERE 3 LRR TX-200B #T, £0EHEET
SEWIIRT .

iy} X: 23, WE, BAEA, ¥EHHK
M ERE: W #EE AT 500 Nmd/hr

Wi A i © 800 Nm?/hr
o e K W|ATHERBER, S8KHLUL

AOZEKREME: FEH 6kg/em?-G, B 35°C, @A 120%
HOESERE: T/ —10°C DIF
B A K M 8 e (InZEAEARRIA 2 F5hE)
E — & —: Fre—%— 22.4kW
e —%— 4.0kW
BAERZESR : W=7 ug—, EAE 4 2Nmd/min, FE#HKE 3. TkW

CORBE I BoEEFERRETOMEELSER 500Nm’/hr THEHEOHEZERELD
410, L ULbhbOWEETTROEBR TR, YBEMAT 52K ELE LT 500 Nm?
/hr DI FOEABEEKNE L, C0XIBEAICRRFOERUIRIESR LRD 5 /N1 /325
BLUBEGH CVe: 2B-> TEAICHEEN, ERICHKELBEIEOHRESZ EE T 5.
Yo THEEFERICTEIR &2 . 500Nm3hr Pl F D ESKEEME ST EERICBL
TREBEOEEERIIOLAARTETH 508, ERKTHRMAFELZTIEY, RHEICY
DAV BRENEITREDEREVI FHEEEZCEICLD, BEASERICKEE &1
SR AL

FfEoRE (180Nméhr) Pl EOEKRBELE LT 2ERETE BRI BROK
HESHOESARATECLEMNTS, EREADKEFINTV S 12 NOFHOLUIFR
BRI C EITL D, FEAEESEMREBICEL T ENTES.

4. #HHREIGEE
A AEBEOBEAREL T AL ERMOBERECHE L TOEELHNO—
TH 72 DT, HAFHEEBDOEE, TORBEOREICOEELL - WAVAKET LK
B BEAiHES 8kglom?-G T 200Nmi/hr FEE O H ARESHNETHHTHA I LW
S EAAEST . FiEKE LTRECERY R ICEREOBBMNSREATZOEMIET 5T
* s RS L CHEEEOFELVHEAR 2.2 0 [BEEESEREGE] xEROC L.
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By »—EiaH 7 €Y v AABRET) 1 BREEE
I 7 1D100-1A
A 2 218 m3/hr—— A REE (1. 05kg/em? abs, 30°C) T T

200 m3/hr—— B #EIRABIT T

H B E Tkg/cm? abs
| & 850 rpm
W OB A 28kW
A BT 100, 50, 0% (ON, OFF #FH)
B g 5 A Vv MEE)
A ok = 2ton/hr, 30°C
FEEBE
il X AT GEZHBRE24RE), TIKK-FBKO
H 71 37kW
| = 1, 455rpm
&= IR 3kV, 50c¢/s

COAAEREDOEHAE TXIC, ERLUIHRdREs2E 8 KICRT. COEMEITIIX

w7 =K ON-OFF &2 A 4 FREBRARICERG 5N TE D, FHick->T 100, 50,

0% IABHEEARIELTROICENTE, &

g EnOBOEROBAIE 50% ICHEELT

ERT 2. TRAEBIREEED/ 1 /°2F
OIERdINATN 5.

COFEMBERIER P Y FEEREETHZD

T, REOIEICHFICEEZHID, ERIE

400
of
o}
= 300
8 %@'ﬁ. 4
(Nm¥h) @\ 3%
® 2 7L
200 N "
O 7 3 4 5 & !
. N . ot #E 7 (kg/emO)
BT WA R R ®8IX A X EHERMReh AR
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ZEADIC T . U LERRKERFHZEIET A2 LR THILL, 2BICEKINTH
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BB L, BROFRENE LT 2 EROEA DAL 7/vEE (850rpm) THEAT S
cEic Ul BEREETHELELTR, EREBRIOV AV b~ —BXTV v b %
WMoz, BROKEWVWS =) —Z2R0n3C L, #FRYERERT 254 0ME KT 500
pm < Lfe. 7= ) —OWMOHBZIK 2HEMMA2 Y, DLEETH 208, MOBIFKR
ZHDH T,

WA ZOMEBEEREE INRICRT. FRRAEFREMFIEZE->THOEEELSHKL,

1249 AL
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= FIATE 1B
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RIRRE g g

BEFI.7
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WAL V7 A TBoTH RAEHRICAS. FEiES e
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HEER (4 7o vRERE) 28> TREZX A
v/ (HEERE: 5504x1,200) Ic%bh3. E \
MEROFICES NIV ASOr 2 kaBET ™™t .
BT XN E B LU REGHR CVi 28T
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Poes) BEURA Y 74 ZDEFE (dPar, APgus) A HIE LT NS S0 #E, MEE
A3 2B A1CI3 Plar, Pgas, dPar, 4Pgas 8K Peoms. DS HD/¥T 2 2%, KTIEMAGE
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AP 24,,(TO3)) OJF H#EiFHIZ 0~10kg/cm?-G T&h 0, 2 hicxdis LT PRC-3 o KB &
10kg/em?-G &1 > T3, WEDER, KFIEINEEICENEEDKLOREEITED
L X, KREFZELODEEICEET S0, BICBRREEENORIMERELTED
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Lnid, BEEE A2 10mmHg abs F2EOERMATROEAICR, EARHBOKEN LD
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498 RERFFHEMENERRE Fle #45 (B)

B, IRTOERICH ULBOMBELID, CORBEEREROFERT L LHD 52X
HADOHBEB B LXCHBEBIC DWW TOERICEED .
FTTICEZDE TRAH LOVBRBEEREBRZON X X200, AL H THRAIMRBEER
EEOEADORPICL >ThhOrBLEHIC, TORMBTIIARBOBEEMNMIILAEZDEZ
EPEINTHS. ZOBRK/ANTHH TIHEMZETE L, Eﬁéntmm%#ﬁﬁ®dﬁﬁmﬁ
L, Lo oELAEZLITT. 1965 45 10 A 30 B JREHEE

g & X K

[1] s K REHFANECKU 2HRABE, RAHAFER Vol 1, No 6 (1959), pp. 384/
405.

[2] s IE: REHFRAA¥CSTIREORE, HBABEYSHE, Vol 63, No. 499 (1960),
pp. 1171/1178.

[3] F.A. Williams: Combustion theory, Addison-Wesley, Palo Alto (1965).

[4] K. Yamazaki and H. Tsuji: An experimental investigation on the stability of turbulent burner
flames, Eighth Intern. Symp. on Combustion, Williams and Wilkins, Baltimore (1962), pp.
543/553.

[5]1 & J& MBEk: ReMlis bho kBRBELC L ZRREE(L HAHMFEHR Vol 3,
No. 1 (1962), pp. 78/97.

[6] H. Tsuji and T. Okano: Flame stabilization by a bluff-body flameholder with gas ejection,
Aero. Res. Inst., Univ. Tokyo, Report No. 369 (1962).

[7] H. Tsuji and T. Takeno: Studies of high frequency combustion oscillations in a gaseous pro-
pellant rocket motor, Aero. Res. Inst., Univ. Tokyo, Report No. 391 (1964).

[81 H. Tsuji and T. Takeno: An experimental investigation on high frequency combustion oscilla-
tions, Tenth Intern. Symp. on Combustion, The Combustion Institute, Pittsburgh (1965), pp.
1327/1335.

[9] BEEKRRAERZRDHSE, HAMPFAER, Vol 3, No. 6 (B) (1963).

[10] & 15, B SFM: V71 Yy by oy MEREROREXR, RAXFHARSE, Vol 1,
No. 3 (B) (1965), pp. 325/343.

This document is provided by JAXA.





