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Abnormal Combustion of HT-110 Engines

By

Kenji KuraTant and Takuji SAKAI

Abstract : Throughout the static firing tests, measurements and analyses of the oscilla-
tory combustion have been studied most carefully, with the use of various pressure indi-
cators and a playback system of the recorded signal. We have experienced some cases
of heavy pressure oscillations. These cases are classified into two groups. In one of
them, an abrupt pressure rise is triggered by a small pressure spike occured just ahead
of the pressure increase. This small spike may be due to the plugging of the nozzle
throat by burnt fragments of cellulose acetate used for a cylindrical igniter case. To
avoid this fault, in the later stage of our experiments, the cylindrical igniter was replaced
by a cage igniter. On the other hand, the sudden pressure rise of the latter type is
occured in the tailoff period, and the pressure level at which instabilities build up is lower
than the maximum pressure. From the concept of the existence of the upper limit of
the combustion pressure under which engines burn normally, this phenomenon cannot be
easily explained, and the following view is proposed. By the severe erosion at the nozzle
end, the propellant around the nozzle end was completely burnt out in a relatively early
period and the inner surface of an engine cylinder near the nozzle end was exposed to
the combustion gas. This causes the rapid decrease of the propellant surface and the
visco-elastic damping effect by propellant itself becomes smaller compared to the ampli-
fying effect of the combustion surface. When some disturbances are applied to this
circumstance, acoustic oscillation will be excited and amplified to the fatal strength. But,
both types of sudden pressure increase are in common with respect to their attendance
with the fundamental longitudinal vibrational mode.

The other remarkable anomaly of the combustion of our engine is its severe erosion.
To know the more detail of the erosion, the comparison between the observed times of
the beginning of tailoff and the calculated values assuming the mass flow density erosion
and the velocity erosion is carried out. The érosion directly observed in a grain inter-

rupted after burning for a short period is also explained with the same assumption.
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AETORERMIRA 72 —T 7408 Btk D, MF v VAL EERDES /-
bDOTHBD, ATRIARBICL-T, 1347 2—T7 40 &2 —% FH TEBICEERS
WETIE -1 PPERT. ERERBROBESPUBICRIN TS, FREZRIES PRE-300
DEHRERICH UTH RS0, EEZHI LSOO TE CTRERY 3.

4. B B B %

HEFED W AR (312 A RBE DS AR T & 215413 progressive burning B i %5 L T 3.
U7eB3 > THER OG> 1/4 44 X2 v 0 v TIRIBEEINIE S progressive Tk 528, HEIK
RBRABBE, BAMBESBU S >TE2RIC 3/4 4 X0 LA RLI LS, Ak
HERICRSVHIPMEDE— 7 BREL, DBEREA—COWRE, T242E< OWIES
TREEICOPNE. COBRRRROESICHINE. FT5bDL, BMEOHIE T port area
DBINEL, WEBROOTRAMEL B L, / AVBOEERIIERMN LD bRWBRETH
BHINTOC 2 UTAKERY sec OFff, EAMBFE—CICBNi g TMERSSx, /
AN OHEPTERITHEE LD SNB &, DBAEROARETNRIAKICEST 20T,
CORPORESGHTLELU®DS. TRISEVODI /) XVMOMEDWHEN X bH TR
RICEC 208, Z0& ERERMOEERIZLEBLBE>TOLC EERTODTH 5.

C DIEA-Wfiih#RE ERCHRIT S 21013, BRMEGRKE L AAR MOFERE LT,
TNZHERDTILESS 30061, CTTRENHICKRDESICLT, 1R B Z Tk
2CLT B TTBIROENZZ—~FEDOWIE ) AVHOHEE web BEET2ETO
W T &{RE U, Bartley, Mills[6] O#fitic Lizds T/ KV ¥ D HEZE D BRI D BRI E A
port area DEEHE L TRDIUE, HEFHEICE T, / XD port area HIE A 100mm
DHICIEZ ETICET ZHM T BEHBEINS. LoL, O 3EBETEARENTILI
TVEPREDECAHHLLTRIZNVDT, Tl velocity erosion, mass flow density
erosion OMEEMIC DN T, WU EAEHEED TEEETNHIC & & L.

Bartley, Mills ¢k i/ XD HE 7 12, mass flow density erosion o & X,

r _ 1 7
(Z)Mass_ (1—+—’}’M2) <+klpFaFg> ( 3 )
I = v
g_1+ﬂwﬁh+2jw (4)

velocity erosion O & xizi3,
r 1 " M Vo
(—— =575 |1 t+ka|l—F——m——— (5)
rF)vel (1+7M2) [ ( r—1,. aF)]
l/l —}——~2 M

DT, ERIHOME 7r EBIRSHONE. THODORICA-TVSE w8 M 1, /
XN TOFEICE B DT,

1 A M
Ty = I1 (6)
Kr A, (_&4_7:;1]%2)2(77—1)

7+1 7+l
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OBEFRT, / RVETO portarea 4, &/ X vzo— rOEE A EOHICE - THESX
N3.22iT or, ar BERHOKEREE, THEE, b, kb BEAEEK Vo ZEFEE, »n 13
WEHDE AR =0.25, 7 2H#H=1.234 TH 3. WEEIcONT, 2o—Fa/R& L
THEZ EF e A0EREEMRNICEZL S L, An— N ELEE M p/NERD,
—HAREMBLEFRT DT rr BRI rrocp™ THEFAEL 3. L7zd8 - T velocity erosion
TR (5) ROALRB/NERY, rr BETRELIL ST, / AEOBRERZ R~ DK
EVEEIOELRB T ENTHREINS. THNICK L mass flow density erosion T2, R U
Ba, M, g 3NERB0, BE or d pe CRICLERT 205, (3) ROBRAERTH
korarg BREL 5T, 7/ ANVEHOBREIZRA D — MEARBBEEIVELILERTTH 3.
FEERICIRERE—ET, /ANVAO— \REEZHIESD T OEB LU, BEES
34, 7/8, 11 4 XEEZ L ED T QENBE 3RO LMICRT LSCKDENTVED

B3R/ ANEEHERO S 20 KRS

1 2 3 4 5
EERpI*
# X E 168.5cm  168.5 168.5 193 224
A - bR 3.0cm 3.2 3.6 3.8 3.8
A E 65kg/cm? 55 45 50 55
YAV .1% i No. 3 No. 3 No. 3 BT, B,
Tobs 4. 1sec 4.2 4.3 3.8 3.4
ETLE
mass flow density erosion
{k1pFaF** 7.6 6.4 5.2 5.8 6.4
Teale 3.9sec 4.1 4.3 3.9 3.8
velocity ersion '
[kzapzlz, Vo/ar=0.06
Teale 4. 3sec 4.3 3.7 3.6 3.5
{kzdﬁz 10, Vo/ar=0.05
Teale 4. 5sec 4.3 3.8 3.7 3.6
{kzar_‘g, Volar=0. 04
Teale 4, 4sec 4.2 3.7 3.7 3.6

* AMABOWEREH T B,
¥ b BB THEN or BEERVITERILDEROHEE L 5.

T, CNOETEEICS EFTOTH UAFEBERBR UL S, BIEICRL T, SRimER
DMREE po=55kg/em? D& X (rr)o=3.40mm/sec E{5E L*, %@ﬁﬁ@Eﬂﬁ@@D it
re/ (re)o= (pe/po)®  n=0.25
DOBEZICH B E Uiz, RIT mass flow density erosion @ & & IC T %% kb DA%, velocity
erosion D& XICITEK b & Vo AWM IIREL, E3RICRLELSBOLKHTT, WIh
LEH—EDS ETHRET B ENELT, / XNIRHEEFRIDHEET 2 E TOHEMRE Ceac %
3. COEAESHOERME tas EHBHEL KT % T, FIROHERBEEZNSLNS

* 24 ooy y bREXBMEEE o T,
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CEZTEHE L. BIRRZOHRT, A~ vy ryTro—  MEEEZLEAOEMIZ
mass flow density erosion MEEREFEF I L —H LT 3.

LaL, WInicLs, COEERBRERBBIRENIS, / XVinOHEIEO IR L
V. CORISHRETBREE L 5 @ﬁiﬁﬁi®%ﬁ%ﬁﬁﬁé CLICE->THHEIDLNS.
® 14 X3 A-5-2 oflT No. 3 liEEIR, 3/4 44 X, 2uo— ME 28mm TREGRRE

A 5-2

[ e

= Nozzle
Forehead

B U EEEOTR (AN EED)

T ot & &, BT X DIRBEDS Pl U e RO B/NARE X BBREICLORD1HER
T, BENIBICED 2BBRNERTIFFATHS. 4D, Akt 1. 2sec TREMREEH
FE, LRGSR EBRETRERELIZETHIHRINZSDOTH A0S, EEREDAIC

&5%$®%ﬁfuﬁwﬁ,6@%&%wﬁ®% TRIC U TY - THBCEE LT

/fwM®%%i&ﬁWM@ﬁ§£&®mg M#erti%%ﬁf 12592.6 TH - 7223,
PREEANIE 75kg/em? D& & TEHET B &,

1.2 1.2
B 8 &rﬁ”onﬂ
mass flow density erosion kiprap=8. 8* 2.4
velocity erosion koar=12, Viylar=0.06 2.3
” kar=10, Viyjar=0.05 2.3
” koar=9, Volar=0.04 2.2
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