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RESTRICTED"

(These exper

iments were. carried‘out at‘f‘th 'Instit.ution of Teohnical Reserve '

of the Japanese Navy from Juie 1ocn, 1945 .to. August 15th, 19&5 ) L

E Axial flow fan--20 stages. 'Efficiency 85% (m:u load).‘ capaoicw

2.26 kg
2, st
~3e- Mo
ocally s

/sec at atmospheric pregsure (8, 000 RPM)

arting motor--50kw Shunt’ typo.

del .combustion. ohamber--l/lz of the original size,. not geometri-» }

imilar. Made of mild steel plates 1,5mm’ thick;

-4, - Fuel injection nozzlo--Solid injection type and air 1njection type

were bo

5
20 kg/om

th tested.

% }(mmp--nxo pump (worm gear t,ype). Maximum delivery pressura
gauge) . . .

6. Fuel tank--Provided with level: indicator to show fusl consumption..

7. Fuel preheater--Skw electric furnace.

8. Al
9. Al

1, and 2, we

" Following quantities were measured:

At (a)
and {p)
(o)

@

(o)
(£)

| (g)
(n)

o (4)
Figure 2(F)

T ooupressor for injecting air—-lOth reciprooating typo.

r reservolir. N

re taken from a Velox boiler designed by Brown Bovery & Co.

-~ Amount of air with an orifioce.

- Prassure and temperature of fuel with a Bourdon gauge and a
meroury thermometer.

- Pressure of injection air with=a Bourdon,gauge.,,.“_

- Temperature of gas using a Pt-Pt+Rh thermocouple.

-~ Temperature and composition of gas uaing an Almel-Chromel
thermocouple and an Orsat. gas analyzer.

~= Pressure, -temperature and velocity of air using water-column
manometer, a meroury thermometer and a Pitot tube. .

-~ Amount of fuel by reading diaplaoement of level indioat.or
during a given .time. .

-~ Amount of air injected using an orifice.
shows the detail of a model combustion chamber and Figuro B(F)

a rough sketoh of fuel 1nJeotion nozzles,

B, Experimenta) Conditions

1. Kind of fuel -- Pine Root 0il (heavy; orude).
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2.7 Fuel injestion nozzle -- ALy injection type. '
Adr pressure-2.,5 ~4.0_kg/om “(gauge) T

... 011 pressure~10 kg/cmr.g v?gauge)»- v

o LOilvpressure.fli ks/nma;(eause).~,'~ e

R

¢ombustion chember - Atmospherioc,

De Pieasure in

4, Amownt of combustion air =- ﬁp td 2;éé,kgyséc”l;‘

. 6. Amount of fuel ~- Up.to 20 gn/sec - L LT

6. Air ratic -- Before the cone 16-20
: After the cone 90-110.

7. Maximum combustion chember lead == 12,000 kg of rual/m510r~
combustion chamber/hr, I

8. Temporaturo of gas &t the outlet of the chamber - 5009G -800°C,

9.  Preheating of fuel -- Up to 90°C, -
C. Summary of Results

1, Crude pine root oil burned fairly well in this type of combustioh'
chember, The following two short~comings were noticed:

8, The oll tontained a large amount of impurities so'that the
capacity of the fuel rfilter shpuld be-inereaged, o

b, As the oil vas rather viscous, it was necessery to preheat
it, and after cooling down, the fuel 1line was frequently clogged,

2, Heavy pine root oil was much more daifficult to burn than orude
pine root oil. Solid injection type nozzles were unsuitable, and air
injJection type whould be adopted, though the latter required an
additional compressor. ’ ' : TE
2. -The type of combustion chamber now in use gave satisfactory results.

" By the cooling effect of the secondary air, the chamber wall was kept at
& comparatively low temperature, and the cone gave good mixture of
primary and secondary air,

4., A combustion chamber load of 12,000 kg/m® hour was possible even
with heavy pine oil ( using air injection nozzle ). . But by using these
fuels in an actual engine, many difficult problems will be encountered
as mentioned above, o .

D, Conference on Fuel Test for Gas Turbine Rockets, at the First Navalv
Technlcal Arsenal, June 16, 1945 ‘ ) R : #r
l. Purpose of Conference: To discuss the possibility of utilizihg pine

Toot oil for gas turbine rockets and to decide the method and research
period for the experiments, - C g ’
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© moostR(®)

BTN * Fuel Test Schedule. S ‘_ ‘ .
‘ ‘ .| Prace ana . . .| Appointed Date. -

Ite_% : T PersonmsY et CempletIon
1, Combustion tests with old type At BATANO Branch — -
engines, . . | Arsenal,. C
as - Heavy pine root oil. : oo o
Heavy pine root oil alone. ~ | Lt. Cudr. . June 18th

. .Heavy pine root.odl and ... -NAGAND - ... ot i e
gasoline (90%, 80%, 70%) ,

b, Crude pine root oil, : ) : : S
- Crude pine root oil alome. Lt, Cmdr, June 26th
Crude pine root oil and NAGANO
. @asoline (90%, 80%, 70%) .

2. -Com'bustion tests with improved _ | At TOHOKU

engines using heavy pine oil Imperial

~and gesoline, University

a . Blementary researohea with Professor o July 25Ith
models, ] TANAZAWA : )

b. Tests with actual engines. At the Insti-
tution of Tech- .
. nical Research.

‘Lt. NOGAMI

3, Combustion tests on heavy pine
root oil alone,

a. Combustion tests with aolid
injection nozzles.

be. ‘Combustion tests with air
Ceee i injection nozzless -

Progress on DeveloPment of Combustion Chambers (cf. Figure 4(F)), in Actual
EBngines,

No. Pecullarities Aq(emR) | Ap(on®) Ag/hy a1(em2) |ag(em?) |eaglem?)|aylcm?)

1 Unburnt fuel 278 254 0,92 270 180 342 228
drops coms out .
of chamber,

2 Form of cone 275 338 ] 1.83 | 263 180 449 293
altered, .
No unburnt fuel
but back firing|.
occura,

3 To avoid back 275 . 338 1.23 263 180 270 180
firing, the o

secondary air
passage- area :
was diminished.| -
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“‘Results of Tests at ths'First Neval To ohnical Arsenal{of;

- BveLosSuRE (F) -

el

wococp- Speelfie o)

T'Tést"fg'JQwa Fuel i Sédit&ﬁEFL%kigéiéfé%i;; ‘“Mﬂﬁﬁii T Gravity of

No, I R R SRR w1 load Hugl |
Heavy Pine | Gasoline - IR R
Roob 41, | ) oo p et s

1 | 0% | 208 | Difricult| Ipossible |Seo Note 0,945

B—f- 0% —gog"Basy “See'Note | See Note | 0.919

3 60 | 40% |Basy | Posstble | metriy gocd 0,915 -

4 502 | 50% |Easy | Easy | Gooa | owes |

5 30% -~ 70% Basy .. {Easgy’ Good - | 0.835

6 | 208 | o0%  |Bagy - sy oo | ona

7 1008 Crude Pine 011 Easy | Sca Note. Fairly guod | 0.947 -

Note: No. 2 and 7 of Acgceleration is---Possible but difficult. R
. No. 1 and 2 of Full Load is---Required power developed, but gen-
eral conditions are unsatisfactory. )

<5§mﬁlg§9w e

Figure 5(F) shows the relation of:

1, Heavy pine root oil with more than 60% of gasoline can be used
in aotual engines, ’ )

" 2, 100% crude pine root oil showed unsatisfactory results in soliad

injection nozzles, Therefore, studies with aip injection nozzles are
necessary. .- ‘

s Tuel filters made of silk cloth are unsuitable for pine root .
Gil.l. LA AT LT I ST I I A T R VIR T - - = : KR T L - A )

4, Multiplate filters used in the'tests lack in capacity,

5, Solid injection nozzles used in the test are not satisfactory.

Fuel comsumption B{lit/hr)., . o Co
Pressure in combustion chember Pg ékg/cm2 gaugs) .
Pressure before diffusor P4 (kg/em® gauge).
Temperature in combustion chember Tz {OC),
Temperature before diffusor Ty (0C),

to the rotating speed of ‘turbine in the same experiment,

4,
The
are

The quality of pine root oil used in the experiment, ‘
analyses of crude and heavy pine root ofl used 1n5pur institution
given in Table I(F), o : o

—5v—The results of combustion tests with air and solid injection nozzles

are

shown in Table II(F) and Table III{F) respectively, The list of
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notations usea 1n 'I'abla II(F) and Table III(F) :ls as rollowa-‘j"l

V--Spaed of blower (REM) . g
sure.of in gAm..gaug
Pa-~Pressure of fuel- (kg/cm2 gauge).
t5--Temperature of fuel, {9C) | '
ta--Temperature of air, {0C) =~ °
T=-Temperature of gas-at the chamber outlet‘ (00)
-~Fuel oconsumption, {gm/sec)

w--Speed of alr at the chamber initet (m/Bec)

- X-38(NY-2

PROPERTIE'gag% P%]g;)ROOT OIL. .

Crude Pine Heavy Pine

‘Root 041 - - Root 011
Specific Welght (15/4 oC) 0.9789

"|Reaction Acid Acld

Water Content (%) 0.7 1.3
Flash Point (OC) 35.0 55,0
Freezing Point (9C) . Balow - 20°0 Bolow = 200C
Ash Content (%) 0.011 0,139
Viscosity (S) R-1 30°C 51.6 190,82
Cetans Number. 22,4 ...
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P RESULTSOFCOMBUSTmrgﬁsn ﬁw‘:g)zxm nm:cnon NOGZLES ...
frmrm i BB kg fmiS g o061 00106 am/suT I sE0|—SHoKe ™ (e}
{1605 1500 | '15° | 2.5 |28|36.4/398] 6.5¢ | M0 | . - 65
16,20 |1100 |15 | 2.5 |32|36.0(422] 7.65.[ e8| — | oo
16413 J1l00 | 15 | 2,0 |24[36.0|a48| .76 | 61 i Y

16.17 (1260 |15 | 1.5 |36|36.0 (680 0.80 | o1 ‘ 70,

16.20 |1100 [ 15 | 1.0 [38)36.0(565 9.57 | 91 PFaintly black 70

16.27 |1500 | 15 | 2.5 |41{37.0|397| 8.13 | 98 Faintly black | g6

16.33 11600 |~15 | 2.0 |42(37,0(410] 8.81 | 100 knintly blaok 64

11800 | 14 |'1.,5-|42|57.0la02] 8,27 'ioo‘kainﬁiy‘bieck' e8|
1600 | 14 -f 1,0 |a2|sv.0ls15] .01 | 90 aintly black
700 | 15 | 3.0 [45(34.0|545| 9,34 | 70 [Faintly white 80
| 700 | 14 | 2.5 [45|33.5|528[11.05 | es ' 80
|28.49 | 700 | 15 | 2.0 |45]|34,0(555] 9.34 | 70|

17,007 760 | 15[ 1.5 | 45 |34.0 572 6.61 | &g

17.01 | 700 | 15 | 1.0 [45/34,0588| 7,95 | 66 [Faintly black
17,021 700 | 15 | 0.5 [46/34.0{730| 8.27 | &g
17.05 ] 700.] 15 | 0.5 [46]38.0l752[11.12 | 65 60

Fuel: V'Hggiry pine root o1l No proheating,

t

’ ~ Table III(F)
; RESUL’I‘S OF COMBUSTION TESTS WITH SOLID INJECTION NOZZLES

v Pp Q tr | Q Q4 | T | Length of
Ko 2 P Flame
| RMM kg/en® | gm/sec | °C |gm/sec | gm/seo ¢ on -
1 | 1100 18- | 14,1 |38 | 226 | 162 | @s0 | 95
12 | 1150 10 0.9 |42 | =202 | 210 | s10 75
3 | 1600 10 0.9 |42 | 234 241 | seo 50
4 1600 - 8 9.9 | 4 246 | =247 470 60
5 | 1600 8 10,4 |41 | ‘252 | 220 | 530 58

Fuel: Heavy pine root oil, No preheating  Solid injection
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Figure 1(F)
AVPARATUS OF EXPERIMENT
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LID INJECTION : AR _INTECTION TYPE

Figure 3(F)
. FUEL NOZZLES . .

’d' R ‘,d‘l
a
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Figuo 4(F)
COMBUSTION CHAMBER
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Figaure 5(F)
RELATIONSHIP BETHEEN ENCINE SPEED






