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SUMMARY

MISCELLANECUS TARGETS

MISCELLANEQUS HEPORTS OF VARIOUS
JAPANESE NAVAL FESEARCH ACTIVITIES

Many reports on the research projects underway in Japan at fhe time
of the surrender have been submitted by various Japanese research activities,
The reports contained herein constitute those which were eithe~ received too
late to include in the target reports to which they logically rnertain or were
not pertinent to any specific targes. -

To obtain these reports, a list of all research programs underviay
when the Japanese surrendered was ordered to be subnitted to the Ocecupation
Forces, and Trom the| list were chosen those subjects upon which full reports
were desired. The Jipanese government was ordered to arrange ror their prepa-
raticn. To do this they created the Central Laboratory of the Home Ministry
located at Meguro Ku, TOKYO, which laboratory replaced specifically the First
and Second Naval Technical Institutes but in practice represent;ed all naval
research organizations in Japan and acted as a clearing house or the ma jority
of the reports obtained. The Central Laboratory assembled the key technicians
that had been participating in those prosrams on which reports were desired
and produced the reports which are presented hure.

WS L X~239(N)
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ENCLOSURE (A) 1

RESEARCH ON HEAT-PROOF STEEL FOR TURBINE KOCKETS

By Lt. Comdr. (BEng.) Y.YASUDA

1. LINTRODUCTION

In twrbine rockets, the higher the fuel. combustion temperature and the rotating
velocilty of the turbine the better its efficiency. So, to increase the effi=-
ciency of ‘the rocket, the material of the turbine must endure great stress at
high “emperature, that is, the creep limit of the steel used has to be very
high. Although the currant high Mn, high Cr and V steel has a creep limit -f
20 kg/mm? st 600°C, we have attempted to get the same strength at 65003,
(Figgm? 1{A)1 shows the rotor of a rocket turbine and Figurs 2(A)1l a turbine
’blad“e:.

II. HATURE OF {'HE STEEL USED

When we began ‘the study, the stesl used for the material of the turbine (both
rotor and blades) was high Mn, high Cr and V steel (so-called A-309 by the Jap-
anese Aeroengineering Standard) whose percentage composition is as follows:

0.20-0.25"
008 -102 ’
5 -17

10 -12
0.6 -1.0

C es oo s

Si cssv e
Mn eeocase
Cr LI )
V'ooon'-

This steel is melved by a basic high flequency induction furnace, fcrged at
1050~11509C, quenched in water from 1100-1200° C ang tempered for thres hours
at 750-850° C. Steel thus manufactured: generally satisfies the following stan-
dards.of strength at ordinary temperatires:

Tensile strength ....... >85 kg/mm?
BElongation seecevecessss >30%
Contraction .ssvovecesses >4

Impact value .eccecscceo 6 keg=m
BHN #0800 23 009008 00ve 238-3‘21

The creep limit of this steel measured by the short time methed at the First
Naval Technical Institute is:

23 kg/mm2 cscrease
118 Kg/me e e )eoeoe
14 kg/mm? .....0..
11 kg/mm2 .0eneaen

at 550°C
at 600
at 650
at 700

It is also found that the e¢reep limits are very regularly proportional to EEN
at ordinary temperature, so hardness testing is very important to insure mech-

anical strength at high temperatures.

i

36 k%/mmg at room tempsrature,
tensicn-compression method

a meap. stress of 15 kg/mm?.

while rotaving rrom internal stress.

4

Ine fet gup 1imiv tested by the rotary~bending method (Ono type mechine)is
25 kg/mm?2 at 6000C and the one messured
(Haigh type machine) is 15 kg/mm2 at 6009C

The weldability of this steel is u serious
lem, hecause the welded part between ths rotor and the blades sometimes

y the
wnder
prob-
Cruacks

For this reason the carbon contert is




RESTRICTED

Figure 1(A)1
ROCKET TURRINE ROTOR

Figure 2(A)1
DLADE OF ROCKET TURBINE ROTOR
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ENCLOSURE (A)1, centinued

.this steel is strictly limited to 0.25% and a lower limit of 0.20% is necessary
to imsure strength.

IIT. RESEARCH PLANS

To improve the qualities of this steel, various methods were considered, viz-
the aildition of about 10-20% Ni, which is believed to be useful to strengthen
austtenite, or, increase of C content in 4-309. But the latter cannot be used
because the weldability is greatly decreased and the former is impossible in
view of the scarcity of nickel in Japan. So we have selected another msthod:
as a substitute for C we add nitrogen, e part of which dissolves in austenite
and gtrengthens it and the other part of which is thought to form nitrides with
Vor Cr and to traciliate the so-called precipitation hardesning. At that time
we heard that our ideas were adopted in Germany to improve the materials for
turbine rockets and this news encouraged us to continue our plan,

IV, MELTING AND ADDITION OF NITROGEN

From varlious fundamental researches about the stability of austenite we deter-
mined the percentage composition of the new steel as follows:

c c-‘--o-;o 0.10-0.20 Cl‘ e300 0re 00 10‘12
Si socees s 008 -102 v "s0ctesocsen O.é-lno
Mn seveses 13‘15 N eascacsesee o-lO"OQZO

It was melted in a basic induction furnace and cast in 50 kg ingots. For ni-
trogen we used nitrised manganese, which was made by nitrising the nowder (40-
100 mesh) of slectrolytic manganese in ammonia gas at 600° C for two hours
using a specially made nitrising box. The nitrised manganese contains 10-20%
of N and is adaed to the molten steel just before tapping. The yiald of nitro-
gen is about 50%. The nitrising of manganese has been greatly simplified by
subsequent ressarch, namely, the process is continued only long enough to heat
in air for two hours at 700-900° C the manganese powder scattered in 10-15mm
thickaess. Oxygen in the air is caugh®% by the surface of the layer but only
nitrogen penetrates into the layer and combines with the manganese, The man-
ganese made by this method contains only 3-5% N, but the yield is better than
by the former method. Another method or the addition of nitrogen, for exam=
ple, aitrising of ferro-chromium, was not adopted because it was impracticabis.

V. HEAT TREATMENT

The ingot thus manufactured is forged o billets of 50mm square section and
volled to bars of 25mm diameter., Turbine forging practices have been studisd
at the Material Department of the Firsi; Naval Technical Institute. We studied
heat treatment with small pieces of this steel, The mechanical strength of
steel of this kind is believed to depend chiefly on precipitation hardening.
It is, therefore, of prime importance fthat the constituents to be precipitated
be dissolved in austenite. We plotted the relation between the hardness and
juenching temperature (Figure 3(A)l) and determined that to obtain a perfect

- solid solution, heating at 11500 C for 15 minutes is sufficient. This super-
saturated solid solution softens to about 210-230 BHN, but, by tempering, hard-
ness, accompanled by precipitation is recovered. The increase in hardness
varies with tempering temperature and tiime. PFigure 4(A)1l shows this veristion
of hardness, From these curves it is obvious that the highest hardness is
attalned by tempering for three hours at 700-800° C, Thus the most suitabie
conditions for heat treatment of the new steel are determined as follows:

Quenching : from 1100-1200° C (for 15 min.) into water
Tempering : at 700-800° C for 3 hours.
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eQ'
T TIME FOR HEATIG
Figure 3(A)1
PRECIPITATION HARDENING CURVES
FOR Mn, Cr, V, AND N STEEL (HEATING)

PRECIPITATION HARDENING CURVES
OF Mn-Cr-T-N STEEL

QUENCHING FRONI 12607 X 5

4h

T ™" TiME IFOR TEMPERING
Figure 4(A)1
'PRECIPITATION HARDENING CURVES
FOR Mn, Cr, V, AND N STEEL (TEMPERING)
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ENCLOSURE (A)1, continued
L]

Quencining from such a high temperature s practically very difflcult for mate-
rial he size of a turbine rotor (about 700mm in dia. and 100mm in thickness).
Subsequent research showed that gquenching was not necessary, and tempering
immedlately after forging is sufficienti to obtain the required strength. The
loss of hardness caused by elimirnation of quenching is very small. n%’I’his me-
thod is applicable to ‘A-309 containing no nitrogen.)

The machanical properties of the new steel are:

Tensile 3trength ceceeceove 1095 Kg/lmm (> 95)
Eiongation .eccecedesessece 17% {>20)
ContTraction .ceecedecscsece 20% (>20)
Impact VAlUB ccecseevossaci 306 kg/m (>3)
Bm B‘..C..".O.DO.A....'..Q. 331" (270-350)

The numerals in parentheses show our cemporary standards for ths new steel.

The c:*eep limit of this steel, measured at First Naval Technical Institute, is
22-24 lkg/mm* at 650° C. .

Thus We have attained‘our first purpose, to make stesl whose creep limit is
over 20 kg/mm< at 650°C, But manufacturing turbines with this steel has not
been cxzecuted up to the present time, so the machinability, the weldability
and ot:her properties have not yet been examined., (Machinability was partly
ested when we prepared tensicn test pieces; in this test the nsw steel mas
chined as well as A-309 or Ni-Cr steel.)

VI. ANALYSIS OF NITROGEN IN STEEL

The quantity of nitrogen in this steel is determined by the combustion methed.

- The sample is drilled and washed and, efter weighing, is burned togethesr with-
metallic tin in & porcelain boat under COp gas, This is absorbsd by a KO
solution leaving nitrogen gas. (Same as Dumas®’ method in organic chemistry.)
The d:istillacvlon method (for measuring nitrogen as Ni.) is not suitable for this
steel, because the insoluble residue is apt to be thz“causs of error. Ws 83~
tablished our method as the standard aralysis of nitrogen in this steel. )







RESTRICTED X-39(N)

ENCLOSURE (A) 2

RESEARCH ON THUNLER-CLOUD DETECTORS
(Atmospheric Recordsr)

By YOSHINARI

A, Purposs

By means of this apparatus, the position of thunder and atmosphsric elec-
tricity is found and recorded as a function of time. By this precess,

the positions and transitions of discontinuity lines, typhoons, snow, hail,
thunder, etc, are measured in order to assist meteorological observations.,

B. Operation

The apparatus consists of a frame-aerial, receiver and recorder. The frame-
asrial consists of two simple framc-antennas which ‘are arranged 90° to
each other, The recorder is fixed under this frame-aerial and recording
paper is arranged on the main rova‘sing shaft of the frame-aerial. Atmos- .
pheric eiectricity with respect %o its direction and time is recorded on
the recording paper. The receiver first amplifies the atmospharic slec-
tricity induced in the frame-aerial and supplies it to the recorder after
rectifying., The receiver consists of two individual receivers and the in-
put side of each receiver is connected to one of the crossed frame anten-
nae. The output side of each receiver is connected to the recorder and,

by utilizing the combination of the figure of eight as well as the cardi-
oid characteristics of the antennae, sharp directivity is obtained. For
rotating the frame-aerial, a clock-work and weight wind.up device is pro-
vided, - The aerial can also be rotated by hand, if necessary. Some tech-
nical data follow: .

1. Speed of rotation of the frame-aerial: One rotation in 12 min-
utes,
2. Minimum field stremgth which can be measured: 2 millivolts/
. meter.
3. Amplification of the receliver: 120 dt.
Lo Directivity: 5-30°,
5. Time for continuous recording: 25 hcurs,

c. Progress of Trial Manufacturing

Engineers of the Navy Technical Rasearch Institute, Imperial Nagoya Uni-
versity, Technical Research Institute of Broadcast Association, and Nikon
Musen Co, were assembled at the beginning of June 1943 in the Navy Tech-
nical Research Institute and a plan for the trial manufacturing of the
apparatus for observing thunder 2louds was determined. 3For the first
trial, two sets were to be manufactured in Nihcn Musen Cc. in three months
between July and September, They were actually completed at the b=ginning
-of October.

These trial sets were tested during October, Ncvember and December in JI
Air Fleet of the Navy, Yokosuka Naval Navigation School, as well as in the
Navy Technical Research Institute and it was proved that they were suit-
able for actual use, Improvements on these first sets was investigatea in
January and February of 1944 and it was decided to start a second trial
manufacturing. - Between February and March the design c¢f the equipment and
the preparation for manufacturing were finished and during March the marnc-

13
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ENCLOSURE (A)2, continued

facture of a total of 25 sets started. IFrom June to October, five sets
Were manufactured per month.. Operators for these equipments were trained
in Augzust snd September. Experiments for investigating the characteris-
tles of the second tri reventing errors in direction-find-
ing due to outside disturbances were made by the engineers of Imperisal
Nagoya University, Howa Air Fleet of the Navy, and Sakawa Metecrological
School between December 1944 and January 1945, It was intended to start

with <she third trial manufacturing, but: this scheme was not realized uy
to thi end of the war,
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COPPER COLUMNS FOR PRESSURE MPASURTENT
By T. OYAMA
I. INTRODUCTION

Hithe:to all copper columns for pressure measurement in guns ann machine guns

used in Japan were manufactured only st Osaka Army Arsenal. Thsn we ware in-

struct:ed to make studies for manufacturing them at our arsenal or at the civi-

lian ?oundries, The foundries we used were Hitachli Electric Wire Co. and

" Sumitomo Electric Wire Co. :
- il

We meited, rolled, drew, wmachined, and annealed the proof-making copper columns

in ou:r foundry. We also machined and &nnealed columns from ordinary electric

copper wire which was manufactured by the two foundries named above.

VThe kinds of columns which were proof-made were as follows: 10mm diamster,
15mm length; 8mm diemeter, 13mm length; and 4imm diamster, 7mm length.

Several proof-made columns were tested and then all columns wers breugat into
the Second Navy Gun Powder Arsenal at HIRATSUKA and given tests for practical
use. The result was quite satisractory and we knew that the columns wiich were
manufactured by our process were suitable for practical use,

II. ZXPERIMENTAL DATA

A, Manufacturing Process

'

; 1. At the Army Arsenal: The method of melting and dimensions of the
ingot are shown im Figure 1(4)3. :

After blowing for about 20 minutes, the molten copper is carried into
the ladle, the upper case 1s removed, the molten metal covered with
the charcoal, and, after a little while poured very slowly imto the
ingot case. Casting temperature is approximately 1153°C. Tae ingoct
is quartered as shown in Figure 1(A)3 and ezch block rolled and drawa
During the rolling and drawlng the material ls anneal=d freyiently
and then machined carefully.

2, Process at Qur Foundry: Fifty kilograms of electrolytic copper
were charged with charcoal into two graphite crucibles and mzlted in
~a_natural. draft type coke furnace, AsS soon as the melting began the
charcoal carried up and covered the surfacs of the molten metal.
Thus we were able to keep the metal surfacs free from the atimosphere
After the two charges melted down we poured them into the ingot case
which has the same dimensions as the one shown in Figure l(A%B.

The most sutisfactory melting temperature and casting temperature
were 1450-1470°9C and 1170-12C00C, respectively. The ilngot was
quartered and each block was machined to remove the surface shortzge.
The blocks were forged at 92C°C to 3Lmm, hot rolled to liom and then
cold drawn to 1llmm (for 10mm column), 9.2mm {for 8mm coclumn) snd
5.8mm (for Lmm column).

Of course, during these treatments machining for removing ¢ r»c_s,
annealing and plckling took place several times. The anneal ng TeEp-
erature was 600°GC (1 hr.) and pickling reagent was & 5% H,S0;, solu-

[5
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tion.

After mechining, the-columns
which were within the required
range (¥ 0.015mm for diameter
and length) were selected. The
final annealing took place at
5800 C (2 hrs.) in-a_vacuum fur-
nace,

ELECTROLYTIC
COPPER

3. Process at Hitachi Co. and
Sumitomo -Co: The process

of Hitachl Co. and Sumitomo is

the same as the ordinary mass

production methods for high con-

ductivity electric wire.

' i {Molten cu.= 8O kgs.)

Fifty tons of electrolytic cop-
per-were meslted in a reflecting
gas furnace and poured into an-
ingot case (length 1300mm, height °
95mm, upper width 95mm and lower
width 70mm)., The weight of an
ingot is about 90 kgs. After

hot rolling at 900-950° G, they
were cold drawn to 12, 10, 6mm
(for 10, 8, and 4mm columns) and
carried to our foundry. The
treatment after that was the
as the above description.

Figure 1(4)3
PRESSURE TEST COLUMNS-VELTING
“.,\.E THOD AND INGOT DIMENSIONS

same

-

Tests : .

1. Chemical Analysis:

The result of chemical enalysis is shown in
Table I{A)3.,

Table I(A)3
CHEMICAL COMPOSITION OF COPPER USED FOR CRUSHZIR GLUGES

Composition (%)

Foundry

Cu

Fe

Si

Our Foundry

99.980

0.0029

2.0029

Hitachi Co,

99.974

0.0210

0.0070

-

Sumitomo Co,

99.950

0.0036

0.0011

0.0052

0.2015

0.0033

0.001%

2,
ia

Hardness Test:

Table LI (A)3.

The result of Vickers hardness tests is shown
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Tatie II(A)3
HARDNESS OF COPPER USED #0R CRUSHER GAUGES

Column Vickers Hardness
dia,/lengthb
(mm)

Our
Army Foundry Hitachi Sunmitomo

10/15 40.0 39.6 L2,6 Liye2
8/13 39.2 39.3 42,5 42,3
&L/7 38.6 39.0 L3.4 45.7

3. Compression Test by Amsler Universal Testing Machine:

(Note: Seven figures and 29 tables covering this subject have
been forwarded to Washington Document Center, as NavTechJap
Document No. ND50-5500.)

C. Practical Experiment

Cn the basis of these tests, we thought the procf-made columns suitable
for practical use. Then all manufacture was shifted to tke Second Navy
Gun Powder Arsenal at Hiratsuka and the practical experimerts were carried
out. Two kinds of test were made at the Arsenal, namely, compression by
mercury manometer and bomb erosion, ‘

“The results of test on columns which were made by our foundry are shown
*in ... (tables sent to Washington Document-Center as explained above}.

We also studied the manufacturing of copper columns by the Army's method
and ‘the results were as good as in the case described above.

IITI. CONCLUSION

We studied methods of manufacturing copper columns for pgressure measurements
in guns and machine guns, and we found ‘that coiww.ns which were manufactured
in our foundry were about as good as the columns which were made in the Army
arsenal, i

Columns manufactured from material for ordinary mass-production high electric
conductivity wire were also suitable for practical use. :
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STUDY OF ZIRCONIUM STEELS
By T. OYAMA
I.  INTRODUCTION

Hitherto 1t hes been said that zirconium is & useful element ss a scavenger
and &s an slloying element for steels.

To ascertain 1ts effect on the mechanical properties of gpeciel steels end to
obtsin superior materials for ordnance cquipment, we added a few kinds of
ferro-zirconiums to molten steels.

Qver one hundred ingots were cast, forged, heat-trested and tested. The

results were not setisfactory as the mevhanical properties of the steels to
which zirconium was added were the ssme as the ones to which none was added.

IT. IXPERIMENTAL DATA

Ao Ferro=Zirconiun

The f =Zr used chiefly in our experiments 1s manufsctured by the Research
Department of Mitsubishl Mining Industry and has approxima1ely the fol-
lowing composition: 10-12% Zr 2C-30% Si end 70-58% Fe,

Vie elso used silico-zirconium (504 Si, 50% Zr) and: found that'this alloy
vias easier to melt than Fe-Zr.

B, Adding Process

(One hundred kgs of steels were me.ted in the high frequency electric
induction furnance and poured continuously into three lsdles. Fe-Zr wss
not added in the first ladle; we added a .small percentage of it to the
gsecond ledle snd more ‘of it to the third ladle,

PThus we had steels which contaeined verying smounts of Zr. The percentage
of Zr used in thils experiment was 0-0.9%.

Gy Preparation of Specimens

The kinds of steel experimented upon were as follows:

C steels (0.1-0.5% C),

Ni steels (3= 5% Ni)

Ni-Cr or Ni-Cr-Mo steels (special ordnsnce steels)
Mn-Cr-Mo steels

Sipecimens for gas analysis (Oi Hy, N,) were extracted fron esch 33 kg
ng

ingot. The remainder of the ot was forged, heat-treasted, meschined
and glven mechanical tests (tension, impact and hardness).

D Results of Tests

hccording to the gas snalysis the steel which included Zr ghowed no
different result compared to the other steels. Similarly we could not
establish any variation in mechenical properties between the two cases,

Vle lost the detalls of this test by the fire., We can not describe it in
mnore detail.

&
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ITT. CONCLUSION

We studied several zirconium'steels, and found in this experiment that zir-
coaium sdds no desirable properties to steels,
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STUDIES ON THE MECHANISM OF CAVITATION EROSION
By T. NAGAKURA
A. Parpose
The purpose of these experiments was to find s method to prevent cavitation
:iggiggavhich appears in centrifugsl or axisl pumps, snd prOpe;lers of bat-

B. Erperimentel Methods

We have studied these problems with two methods as follows:

1. Vibration method: We used a strong ultrasonic-wave generator of
about” 10,000 cycles. The vibration bar was a nickel tube about 20cm
lopng and l.56m in diameter and the test plece was attached to one end of
this tube. (See Figures 1{(A)5 and 2(A)5). Input powsr was 500 watts.

If we close the electric circuit of the apparatus, extreme cavitation
phenomena take place in fropt of the test piece and after about one or
two hours quite extreme erosion appears in the test plece.

2. Water hammer method: The aepparatus is shown in Figure 3(Aj}5. To ths
lower part of the cone-shaped cylinder "a™, the piston "b" is attached.

The piston is moved up and down by lever “c" The test plecs 74" is placed
on the top of the oylinder and the cylinder is filled with water when the
piston is at the upper position. By up and down motion of the the piston,
pressure is applied to the test pisce. Figure A(A)s is a record of the
pressure thus applied to a test pisece.

ﬁésults and Discussion

X. Vibration method: We studied test piecces made from bress, irom,
aluminum, etc. 1n one or two hours we could observe quite extreme
eproalion. The surfsce was fresh and bright so that we cou;d not observe
that sny chemlcel reaction hsd taken place,

2. Water hsmmer method: We adjusted the spring (e) so that the static
presaure 8 @ test plece was about 100 kg/cm? and ran the apparatus for
fow hours. We obtained erosion as shown in Figure 5(A)5.
As wa weanted to study what type of erosion may take place by mechanical
actlon, we used eluminum test pieces of varlous shapes. The relatlon
between the type of erosion end the shepe of the test plece is shosn in
Figure 6{(A)5 and we can conclude a3 follows:
. a. The bottom of the concave psrt 1s extremely affected.
b. The inner edges asre as bndly affected ss in (a).
Ce The hole and wedge-shaped clearsnce are eroded more and more
deeply, and, 8s the result of the combination of these phencmens

even on the flat surface, once erosion starta, it may develop by
mechenical action and growth 0 sponge-like erosion.

D. Conclusions -

From the ebove experimental dsts we can conclude thst:

2|
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1. The process of erosion induced by ssvitation is not a chemical re-
action, but a mechanicsl destructive process due to impsct pressure
induced by the collepse of cavities in <he water.

2. If once pin-holes or shallow holes ere formed, the center cr corner
pert of them may be bored more and more deeply and sponge-like erosion
may be. formed.

From these points of view the methods of preventing erosion by cevitation
are to use dynemically strong materials and to shape moving psrts of
pumps 80 as to make them as little lisble to cavitetion as paossible,

W
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Figure 1(A)5
CIRCUIT OF THE ULTRASONIC IWAVE GENERATOR
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No. of strokes ...... 8020
Static pressure ..... 116 kg/ch
Impact pressure 280 kg/cm2

No.
Static pressure

Impact pressure

. Figure 5(4)5
EXAMPLES OF EROSION FROM WATER HAMMER TEST

RESTRICTED

114/ kg/cmg
280 kg/en?

1

T_f

No. of straokes .,.... 38000

Static pressiure ..... 67 kg/cm?

Impact pressure ..... 195 kg/t:m2 . j-&s-&}

Figure 6(A)5
EROSION BY WATER HAMMER TEST OF VARIOUS SHAPES OF TEST PIECES
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ELECTRICAL ;§SULATING PAINT DERIVED FROM SARDINE OIL
By S. HYODO

The object of thlg investigation was tb obtain &n electricel insulating
psint with high s tability egeinst heat and humidity. For this purpose we
investigated s high unseturated fetty acid abstracted from sardine oil.

Sardine oil is constructed chemically from a few glycerides of unsetu-
rated fatty scids, snd the main part of them is glyceride of clupasnodonic ascid.
This acid 2s one of the highest unssturnoted fatty acids, and its molecular
forguls is as follows: L

CH3 . CHp 'Ecn:ca(cnz)zj3 [_9;1 . CH cai}z CHp . COOH

It hes Pive unsaturated double bonds., The iodine vsluve of this acid is
335,

Wo prepared this unsaturated fatty.acld from sardine oil by using the
acetons soda process,

Under suitable conditions, this high unssturated fatty acid polymerizes
to black resin whep heated with e small percentage of benzolc peroxide as
catalyzer. This polymer is s kind of black pitch and soluble in nsphtkta. We
prepared an electrical insulating peint from this solution conteining 10-20%
of this polymer. However, the industrinl epplicstion of this process was
ver{ difficult, because the acetone soda process is difficult on en industrial
scale, i

_ Properties of Sardine 011 Insulating Paint

COlOreuesascsscononnsssssensssonsessseeessBlack or.deep brown liquid
Fixing temperature.....o.........o..a..l50-1800, more than 30 mi{!.
Stability for heating....-.....-.o.....a..a-......a.e....leo-'zo(‘

Blectricel properties:
Specific resistivity.ceecccctiscsececssseceel3 X 1015 ohm/cm
Dielectric strength.cecccccocsscescal000-1500 volt per 0.01lmm
Dielectric loss factor (tan o )....100 x 1C% (at 1000 cycles)
Stabllity of specific resistivrity sgeinst humidity:
my airO.‘...'...00..."..'.'00...0'&".0..'.1015 Ohm/cm

50% BUMIGItFeeeoneeceocesasasosconssesssonessl0 s ohm/cm
85% humidityc-...-..--.....-.o....‘..-.-q‘.‘..1013 Ohm/cﬂ
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MODEL EXPERIMENTS ON THE STABILITY OF THE BATTLESHIP
"NAGATO™ UNDER DAMAGED CONDITIONS

By M. SATO

The offects on transverse stability of flooding and counter-flooding BB
NAGATO: have been experimenterily investigated by the use or a 1/R25 scale model.
The moiel is subdivided into 39 watertight compartmenis above and 38 below '
the water line. ZRach compertment is loeded with wooden cylinders in order to
adjust the permesbility. There are ten 100mm dismeter holes with lids, {cor-
respoulling to 2.5m in the actual ship) &t one-helf draft below the wate; line;
the 1lids ore tsken off sccording to desired ocondltions.

Purticulars of NAGATO

Displacement - L4 ,6'72 tons
Draft (even keel) : 9.708 m
Center of buoyancy sbove base line (KB) 5,084, m
Metacentric radius (BM) ‘ 5,870 m
Center of gravity above base line (KG) . 9.63L m
Metecentric height (CGM) 2.320 m
Complete period of rolling 15.0 sec

According to desired conditions, verious compertments were opened %o the
sea and the weight of flooding water, angle of heel, staticel stability, eic.
were meoasured, Compartments on %he opposlite slde wers then counter-floonded
until he ship beceme upright and on an even keel, and the weighi of floodirg
water, statical stability, etc, were measured., Judging from the results thus
obtainod, possible limits of flooding on one side and counter-flooding on the

- opposifia side have been deduced as shown in the following teble.

DAMAGE CONTROL STIIDIES - BB NAGAT()
(1/25 scalle model)

Original reserve buoyancy.
DTafbececac canscansracacacacsnscssnsvarsase 9.7

Initial Conditions Ship will lose transverss stability when:

Living Spaces Loas of Res- Flooding on One Flooding and Counter- Flooding at Sow
above Vater erve Buoyancy Side Amounts to Floeding Amounts to Amounts to

fore aft o tons bl heel tens bid draft tona £n

g o 7600 29.2 92,2

i ad 10.6
8.7 -
2,1 | 2020
317 | 1750
29.8 | 1700

D p |10,519 | 0.4 | 1680

*Parcéntage of the original reserve buoyancy.
“#%D-Damaged.
#anS-Safe,
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EFFECTS OF ANTI-ROLLING TANKS
By M. 3ATO

I. INTRODUCTION

In 1942, 4 new icebreaker was projected and it was ezpected that it would be
1aid down in 1945. This ship was to have a round bottom and breoad beam for
its mein duty--icebreaking, The metacentric height was to be lerge and as a
result, the period of rolling would be necessarily very short. In winter she
would be engaged in lcebreaking duty and this wss not thought to be serlous.
However, in the summer, on ordinary cruises, it was feared thet she would roil
heavily by synchronizing with the comparatively short waves which might be
encountered frequently. It was thought undesirable, howsver, to fit larger
* bilge keels as a counter-measure.

Anti-rolling tenks came under consideration. At firsat, some of a pesasive type
wore designed for simplicity of construction snd we experimentslly investigated
their effectiveness, Next, investigations on effects of bilge keels, rumber
of elr escepes, depth of communication trunk, change of displacement, freezing.
of wiater in the tenk and obstacles in the trunk were undertaken.

On the other hand, studies on an anti-rolling tank of an active type were
sonducted by Professora Y. WATANABE and K. NODA, Eyushu Imperisl University.
A defirite plan was obtsined and experbnents in the laboratory were sccome-
plished suseesafully.

A, Particulars of the Projected Icebreeker were:

Length between perpendicilars,....cceoeeececsonessss..l07.000m
Length OVer 81l...ceiuceoccosooc-ansoneoncanncnnsssseell5.800m
Length on 1024 wWaterline. . .ueivereceeoeennsenoncssssas,112.000m
Maximum breadth..l.o‘.l.d.l.l 'g...o...';&..c.n..5...5..20.500m
Breadth on 108(1 waterline'onorooo.--.-'ooo.ouoeu.'.o-a-ol9.50cm
Depth.octooooo-..u‘--aoo-.o I"000900'.-......0...--u.--ll“lbéqm
Drart (even keel).’..'..'b.ﬁ.).V..O.I'Oll.l..n.'l.II..ID 360m
Displacement (with 8pPENABEES), svu.cevveosssconesess 8,067 Lang
Gentar of buoyance above base line (KB)..,..............h 206m
Metscentric radius (BM).ieesosencosscooosscvecsoanecnscoansslsoa2ibm
Centar of gravity above base line (KG)..e.cecceacacseessb.232m
Metadentric height (GM)..I.C.‘DQG.‘0l.O..l..O.D......l.‘.zl?-zcm
Complete period of POllingisssecscccccosnsacenscsnassesd.50 32C

'B. Plans of Passive Type Anti-Rolling Tanks

fhree plans based on the method proposed by Professor Y. WATANABE® were
proposed.

Generally, the resonance curve of a ship fitted with anti-rolling tanks
has two peaks. In planning the tanks, thelr form and dimensions were so
selected that the resonance curves with and without the tank would intver-
gect oach other at the peak.

In view of the results of the experiments, some modifications in the form
of the communication trunk were triled, and three more proposals were
added. Farticulars of these six tanks are shown in Figure 1(A)8.

*Jouﬁngl of the Soclety of Naval Architects of Japan, Vol, 46, 1930.

3l
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C. PResults of Experiments

Bech type of anti-rolling tank (No. 1 tc No. 6) was tried in regular
waves 0¥ 8 height of 4.1hm end below, length from 70m to 240m snd perlod
from 6.5 seconds to 12.5 seconds. Number 6 proved the most effective of
the sii.

Next, efffects of various factors mentioned sbove, were investigsied on
Tank No. 6.

D. Ei'fect of Bilge Keels

Compering bilge keel designs (es shown in Teble I (A)8, 1t was proved
that thelr effects were roughly proportionsl to the ares, but that evan
the largest could not be expected to be suffliciently effective by itself.
On the other hand, it was slso found thet any cne of the tanks alone wes
not effective enough. When tank and bilge keels are used Jointly, sx-
callent results cen be obtained. In this cese, even the smallest bilge
keels, No., 4, ere sufficiently effective,

Table I(A)8
RARTICULARS OF BILGE KEELS USED WITH ANTI-ROLL.ING TANEKS

No. 1 No. 2 No. 3 o, &4
Langth (n) 35.900 . 28,000 35.900 28.000
| Breadth (m) - 1.650 1.650 1.500 1.500

Ares 2bg?h sides) 110.48 8L .40 99.71 76.01
me.

Ratio of .Ares to 1.000 0.764 0.902 0.688
‘That of No. 1 2

E. Effect of the Number of Air Escabes

The effect of the number of air escapes (0, 2, 4, 6, 8, on one side and
complately opened) were investigated., As a result, six or elght on eaca
side (3-4% of the total free surface of the tank) were found most
suitsble.

F. [Effect of Depth of the Communicstion Trunk

Depths of the communication trunk tried were 1,00m, 1.15m end 1.30m. Tae
first one, 1.00m, proved most effective.

G, Effect of Change of Displscement

Displecement wes changed to 8,644 tons, 6,944 tons snd 7,345 toms, but
effects of the changes were scarcely noticeable,

H, gjféct of Freezling of Water 1n the Tank

If the water in No. 6 tank freezes, the center of gravity of the ship
will b3 0.,094m higher, but there 1s no danger thet the ship will roll
more heavily thsn she does without the tienk.

32
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I. Effect'or Obstacles in the Communicstion Trunk

Ir tbe actusl ship, there must be some obstacles in the trunk owing to
tke congtruction of the ship. The area of the trunk was reduced to half

by a slotted plate at the center line of the ship, but the effect was not
inportent.

PLAN VIEW Area of free Weigh of woter Natural period’

arfoce %bf dispiace - of oscillgtion
126 M —-12.6M ~f | ey SPiace = O
1

'40.22&!!2 431 tons
‘ (5.19)

40! tons
no (4.79%)

- t
qvation ({same forcol)
9.2 —

{1.00
1

Figure 1(4)8
DETAIL OF ANTI-ROLLING TANKS
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STRESS DISTRIBUT;QN 0l SHIPS IN ROUGH SEAS
By M. SATO
(This research is unfinished)

In order to get & conception of the relation between stresses on a ship
voyaging in rovgh sees and its motion, we mede experiments with & brass medel
ship, 7.667m long &t the water line. Strain developed on the ship, ship's
motion, wave form etc., were 8ll simultaneously recorded by mesrs of ar .
electromegnetic oscillograph. Analysis of the dete has not yet been ccmpleted,
but tne following tendencies have been observed:

1. When a ship is at anchor among uniform waves, stresses are approxi-
metely proportiocnal to wave height,

2. When & snip 1s being towed, stresses change with ship’s speed, and
negr that speed at which the period of encounter resonstes with the
natural periods of pitehing end rolling, compressive stresses on deck
near midships increase remarksbly and smount to slmost twice what they
sra when speed 1a zero. .
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TURBO-ROCEKET

1. Furpose of Research

The purpoge of this research was to obtain a small, high capacity jet engine,
suitable for installation in small, high speed planes. The airplanes ¢n which
‘instellation that had been actually plaanned were:

KIKKAwesaeesseasaTwin engine, small type bomber
O0KA-434.4040+.5ingle engine, small Ltype bomber

Llarge type engines which were to be installed in interceptor fighters were
‘under research. At first, these were planned to be used as asuxiliary rockets
for medium bombers, but the effect was so small in relation to the difficul-
ties cf essembly that this plan was suspended.

2. Fesults of Research and Experiments

8., For XIKKA and O0KA, trial manufacture of Ne=20 was completed, and
in Neval Air Arsenals and Naval Yards preparations for msss production
wore started in full scale and production was pertislly begun. In the
Eranch Arsenal of the First Naval Air Technical Arsenal, experimental
models had been completed; six were used for endurance improving tests,
two were installed in a KIKKA. That plane flew its first test flight on
% August end its second on 11 August, when it landed in the sea owing to
& pilot fault in the control of take-off.

In Yokosuka Naval Yard, ten prbduction-type engines had been completed,
but their performance was not sufficlent and four were sent to Koizumi
Manufecturing Plant of Nakajime Airplane Company for KIKKA.

be Ne-12 was manufactured experimentaslly as the prototype of Ne--20.
Since the performance of both was very poor trial manufacture was sus-
pended.

te for fighters, we ordered three civilian companies to build jet en-
¢ines that would have performances equal or superior to the German BHW
:09-003 rocket engine. Shibaura Flant of Ishikawazima Go. Ltd. was %o
nanufacture Ne~130, Nakajima Airplane Co. Ltd. Ne-230, and Nagoya Engine
Plant of Mitsubishi which cooperated with Kobe Dockyard, Ne-330, mespec-
ilvely. None of them completed their experimenial work.

'the first Ne-130 produced were damsged one after another in tests. Of
she experimental engines at Mitsubishi, work was suspended owing 5o air
1rald damage.

d. General performance of each type:

Static RPM

15,000

Ne-20
Ne-130
Ne-2go
‘Ne=330

/ i

11,000
9000

000
600
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Ceneral description of the construction of each type:

(1) Ne-10

Air compressor: Centrifugal fan (duralumin forging, outer diameter
- 500 mm), one stage, compression ratio. - 3.5.

Combustion chamber: Triple, concentric drum type. (Made of stain-
loss steel or surface treated with Al-diffusion mild steel plates);
sixteen fuel injection valves located equi-distant to each other on
the circumference.

Turbine: Fifty percent reactionary turbine, one stage. (Forged
epecial steel blades attached by welding, helght of blade - 50 mm,
FCD - 500 mm).

(2) Ne-12

Air compressor: One-stage axial blower added at fan entrance of le-
10.

Combugtion chamber: Same as Ne-10

Turbine: Same as Ne-l10 except for the reinforcement of the bledes
by 20% of the reectionary degree.

(3) Ne-20

AAir;combressor: Eight stage axial blower, outer diameter ;80 mm
" compression ratio - 3.4.

Combustion chamber: BMW 109 Type, concentric drum type, 14 fuel in-
Jection valves. ' o

Turbine: Reactionary degree - 7%, height of blade - 80 mm, PCD -
75 ?m, one. stage. {Forged special stesl blades attached by weld-
ing. .

(4,) Ne-130, Ne-230, and Ne-330

: 5 )
2]l had a seven stage axial blower, a mddified type of the BM¥ .109,
Ne=230 only had air-cooled, hollow: turbine blades.

£ Trial manufacture: In February 1942,for installation in large type,
higher-altitude alirplanes, a large type exhaust gas turbine named YT 15
had been manufactured experimentally. Experiments were completed, but
owing to the low strength of the turbine blades it was not adopted.

In Fetruary 1943 we began to modify YT 15 as a turbine jet and nemed it
TR 10, The first one was completed in June of the same year. (Made by
Ebara Mfg. Co. Ltd.)

In July 1944 tests had been finished using the first three engines, but
combustion was not good and the strength of the turbine blades was not
"sufficient. Therefore, we attempted to remedy these defects ané manufec-
tured Ne-10, In September of the same year, the work on Ne-20 vias fin-
ighed but improvements were not entirely satisfactory. We began to plan

Ne~12 &nd together with this, we orderei the civiliam companies to maenu-
»facture Ne-230 and Ne-330, after referring to the data about BMW 109 tlkat
had been sent from Germany in May.

38
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In Novemher 1944 the first Ne-12 was completed. But performance ana sn-
durance were not satisfaetory amd we continued improvements.
lan of Ne-20 and by February 1945 this plan

smber, we began the basiec

was completed and Ne-l2 B (modified type of Ne-~12) was finished.
performence was insufficient and. we pushed the manufacture of Ne-20.
26 March 1945 the first Ne-20 wag finished.

ter Dec-

Again
By

Six Ne-12 were msnufactured

in the First Air Technical Arsenal. and the other six in Yokosuxa Naval

Thereafter, trial manufacture was suspended.

'Yard.

“In May 1945, after measures to correct the cracking of turbine blades and
‘to 1lmprove the performance of the axial blower, and after adopting a ball-
bearing t0 partislly aebsorb thrush, the Ne-20 was given an endurance test
- [maximum speed for 5 hours, 10,000 RPM for 1 minute). Some further im-
_‘provegents appeared necessary. In the same month, the first Ne-130 and
Ne-230 engines were tested with poor results. Damage occurrad to the
blades of the axial blowers and to the bearing. '

Deliberate tests of Ne-20:had been completed on 22 June 1945 and on 27
June 1945 Ne-20 was installed in » land-based torpedo-bomber. Preparz-
" ‘tions for a test flight were comp.eted.

On 29 June 1945 the first KIKKA was completed and on 7 August
flight~tested for the first time with good results, but on 11
at the second flight test. the pilot lost control on take-off
plane sank.

1945 was
August 1945
and the

. Special materials: A% first, we used 18-8& Cr-Nl stainless steel
‘%1—3055 turbine wheels and blades, but changed to Cr-Mn stainless stesl

(I-307) to conserve nickel. The next time we intended to use a material
(I-309) that had vanadium added to the former. Adding nitrogen to this
material, we found, had some effect but production was not carried out
prectiecally.

For welding rods we used 18-8 stainless steel at first and then
“te Cr-Mn (I-307).

shifted

Percent Composition

Ekune of

-Material c Si Mn'
1.6

15-17

15-17

Cr Ni Mo W

I-306
1-307
1-309

1.5(1.0-1.4 1.7-2.0 0.3-0.7

0.5

1.0

1.8-2.2

0.1-0.2}0.8-1.2 10-12

0.5-1,0

0.15~0.25(0.8~1.2 10-12 - -

I'sr the combustier chamber, we used 18-8 stainless steel. As the result
of this, work was done easily and no deficiencles in endurance were en-
countered.

h. Method of test: TFor the teat of the complete turbine rocket, we used
& common performance test-running bed for the engine and a thrust gauge

éﬁ?ﬁgte cantrol indicator using magnetic hysteresis) for a hydraulic
£, . *

We tested by ordinary methods the vibration of turbine and blower blades

end the strength of the materials that were to be used at high tempera-.
ture.

J9
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RESEARCH ON LIQUID-FUEL ROCKET MOTORS
by Ukon' FUJIHIRA
25  December 1945

I, Object of the Research

To develop a liquid-fuel rocket motor which would be fully reliable for use in
combat; planes.

II. Results

Hydrogien Peroxide System (Mark Ro, B Fuel). The relliability end performance
of this ruel were proven by bench tests, in a rocket motor. Sudseguentily,
success was obtained in maintaining continuous combustion of this fuel for
four ninutes, after which it was submitted to an actual flight test in &
SHUSUI pursuit plane. This preliminary test showed good results, but furiher
flight: tests were not undertaken.

Nitric Acid System (Mark Ro, C Fuel). Fundamental combustion tests on these
Tiquids were completed, but an actual motor using this type of fuel was never
dsgigned.

III. ilethods and Materials

A, Hydrogen peroxide system

A rocket motor using hydrogen percoxide fuel was designed from Gerzan dets
as the mmsin motor of the SHUSUI. It was called "TOKURO Ne. 2" or "KURO"
and placed in the tall of the plarne. .

In operation, two liquids, A and B, were withdrawn from the fuselage fuel
tanks and reised to a pressure of thirty atmospheres by means of centri-
Pugal pumps. They next passed through a device which controlled both
quantity and mixture ratio and were injected into combustion chamder
through injection valves. In thils chamber the liquids were mixed and re-
acted to form gases having a temperature of 1900°C. This gas expanded
through a Laval nozzle from a pressure of 19 atwospheres to almospherie
oressure, and high velocity, obtained at the exit port of the nozzle,
zave the propelling thrust. The pumps were driven by a steam turdins,
which, in turn, was driven be the decomposition products (at 5000C) of
the A Liquid (hydrogen peroxide). In order to obtain safe starting and
steady compbustion at a low thrust rate, injection pressure and the number
of acbing injection valves were regulated according to the desired condi-
tions,

Two types of liquids (A Liquid and B Liquid) and a steam producing cat-
alyst were used.

The A Liquid -- hydrogen peroxide (80% solution) -~ is also known by its
‘Germsn name, T-Stoff, has a specirfic gravity of 1.36 at 15°C. and is

6olorless. Its degree of concentration is determined by its specifie

gravity. Impurities or warm temperatures cause it to decomposs. Contact
with organic materials cause it to ignite spontaneously and contact with
the sikin causes a painful burn., iAs it reacts with common metals it must
be stored in glass or porcelain vessels, or in tin-lined tanks in a deark,
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¢20l place. If it is not stored and handled carefully, it is liasble %o
explode gpcntaeneously. Therefore, it must be handled with great care and
protective c¢lothing must be worn by those working with is,

|

|
(For details of the methods of manufacturing A Liguid (hydrogen peroxide) }
a1d B Liquid (hydrazine hydrate) and Japanese naval research thereon, re- o “4
fer to NavTechdap Report, "Japanese Fuels and Lubricants, Article 5 .- Re-
search on Focket Fuels of the Hydrogen Peroxide-Hydrazine Type," Index
No. X-38(N)-5. Rocket fuel stabilizers and catalysts are also discussed
in the above-referenced report.)

The B Liquid -~ a hydrazine hydrate mixture -- was based on data from
Germany and is composed as follows:

3 Ratlo First Used Ratio ‘ater Used

Hydrazine rwdrate:(NznhNéO) 30% 30%

Methyl alcohol 62% 58%

Water 8% 12%

Injection mixture ratio of A Liquid and B Liquid is glven as follows

(weight): N

Ratio First Used Ratio Later Used 9
- A Tiquid 10 10
- B Liquid - 3.3 3.6

The caleculated change of performance with change of injection mixturs
ratio is plotted in Figure 1 (B) 2.

2180
. | H70
. ]
(43
£ |
2 o
FE : :
=g !
w 1 i
33 38

6.8 Liquid per 10a.A Liqui

Figure 1(B)2
CHANGE IN PERFORMANCE OF LIGLID FUEL ENGINES
WITH CHANGE IN INJECTION MIXTURE RATIO

Specifie thrust is one of the indices of performance of & roeket motor A
and 1t is the thrust per total liguid flow rate (kgz/kg/sec) ) S
The catalyst, hydrazine, is a mixture of potassium permanganate, sodium

hydroxide, portland cement, etc., kneaded and solidified into blocks 8 ’
nm square, =

The rocket motor designed to be installed in the SHUSUI plane consisted
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of sixz maln parts (see Figure 2 (B)2): pump, quantity comtroller, pres-
‘sure controller, combustion device, frame, and pivping.

For a description of the operatioa of the motor refrer to Figure 2 (B)2.
When she turbine shaft is revolved at 600 RPM by the starter motcr, the
pressure of A Liquid rises to 6 atm, and then, if the low speed valve of
the pressure controller is opened, the flow of A Liquid tc the steam
broducer reaches 7 liters per minite. Thereafter, ths pump system con-
tinues automatic operation when tie switch is crfr.

The start and stop valve is then opemed by the controlling gear, and by
opening the distributing velve,.B Liquid is led to the inner space of the
distributing valve through the cooling mantle space of the combustion
device of the quantity controller. This is the starting condition. Next.
by revolving the contrcller gear, the main flow path in the pressure con-
troller is opened simultaneously witk the first speed, second speaed, and
third speed in the quantity controller (first stage, second stage, and

. third stage). Corresponding to these speeds, the aumber of injection
so0zzles used inoreases from 2 to 6, and to 12, and combustion is contin-
ued. In this time the injection pressure of A Liquid is balanced to the
pressuyre of B Liquid by the balance piston of the quantity controller.
By means of this mechanism, the correct mixture ratios of the two liquids
lnay be regulated ani good combustion conditions obtiained. The purpose of
the safety valve of the pressure controller is to prevent the overspeeding
of the turbine.

Principal data are as follows:

1. Principal dimensions

Total weight ...ccveveconnnn eeesesss. 180 kg
Total length ....icecavrsecenveas. about 2500mm
Total widbth .eeevvevsecencercasns. about 900mm
Total height .eiseavcestasoccnsessss about 600mm

Main values at maximum thrust

ThTust sseevsocscacseescasscnssenssssars 1500 kg
Hotary speed of turbine (..ecieeee... 14500 RPM
Pressure of combustion chamber ......... 19 atm
Delivery pressure of pump

(both A end B Liquid) e.veceesesses 30 atm
Fle rate of A Liquid .. 5.9kg/sec (6.2 kg/sec)
Flow rate of B Liquid .. 2.0kg/sec (2.2 kg/sec)
Flow rate of A Liquid to steam producer OAkg/sec
8pecific thrust... 18 ke/keg/sec (170 kg/kg/sec)

Note: The values in parentheses indicate values based on
later data.

3. Starter motof

voltage ...G...I.......'I...e-.‘l....-I
Qated pOWeI‘.-...-.....--...-..-.......,
Gear ratio to turbine shaft.v.eceseseon
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Steam producer
/

Piping
f

Quantity ) f?\%
contrclier l j Loval nozzie
Support cylinder

Pressure / ‘~----\,-,.-___' ‘
Combusiion device

Inspection hols

Controlling qear / X controller

Pump Frame

Support

Fixing point to airplane body.

Figure 2(B)2
SIDt /IEW OF LIQUID FUEL MOTOR

B liquid tank 10. Chenge valve

A liquid tank il. Slow speed wivs
Exhaust 12. Scfety walve

B liquid pump 13. Start ond stop valre
Turbine 4. Distributing valve

A liquid pump 15. Baloncy piston
Starter motor 16. Combustion device
Ravolution courter [T, Controlling ¢z
Steam producer

PRNOGH WD

Pump System
Pressure coatroiler
Quantity controliss

Figure 3(B)?2
SCHEMATIC DIAGRAM OF LIQUID FUEL ROCKET MOTOR
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Revolution counter

Ty DEe.eeseonsrsssvnsasesstorasnnscsasessssslactric
Gear ratio to turbine shaft.....¢ceveeeveesal:l0

The pump system is shown in the diagram in Figure 4 (B)2. 3oth the
A Tiquid pump and the B Liquid pump consist ot a 2-stage booster
{first stage with two blades and second stage with three blades) and
a main pump (centrifugal) of six blades. The entrance passage of
the mein pump is wide enough to prevent pitting. ' For liguii pack-
ing, bellows, springs, and & carbon ring system are used. The car-
bon wring, which is divided into three pieces, is kept in contact
with the shaft by spring force.

The turbine has impulse-type blades and a simple secondary stesnm
nozzle.

Material used in the pump system are as follows:

Turbine blades: 18-8 stainless steel.

Turbine shaft: At first, 18-8 stainless steel; later, 18 Cr stain-
less gteel.

Pump impellers and casing: Silumin.

Turbine case: Cast iron.

Bellgws: Phosphor bronze plated with tin.

The start and stop valve consists of a palr of poppet valves frr A
Liquild and B Liquid. Thez are opened and shut by a driving piaton
using B Liquld delivery pressure.

The distribution of B Liquid is accomplished by the distribution
valve as shown in Figure 5 (B)2. The sleeve valve rotates and its
gurface has several hollow gpaces in the liner with several holes
oppositely situated.

The ¢ombustion chamber is shown in the diegram jin Figure 6 (B)2.
The inner wall was made from special steel by cutting out of a
forged block. However, making it by pressing steel plate was also
being investigated.

Details of the injection nouzle are shown in Figure 7 (B)2, and data
below.

Valve 1ift (A Ligquid)...emvcevcereressese.o1.8 mm
Pregssure loll in this nozzle...about L atm (both
‘ ...liquids)

Flow rate of A Liquid...0.9 kg/sec (0.52 keg/sec)
Flow rate of B Liquid..0.17 kg/sec (0.18 kg/sec)
Material.ceesvoesessconsoes.18-8 stainless steel

(Values in parenthesis are based on later data)
There was a total of twelve injection nozzles distributed as follows:
1st stagee.uccevscessssancscnsaaadl
2nd StAZG.eostvecessncsnssanncanl

374 StBEE.escencttrcvacssncsaceadd

The arrangement of nozzles is shown in Flgure & (B)2.
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v
_ A liquid side
I Suction port I7  Moin punp

3. Ewocter (2stage) . Secondary stéam noztle 18 Guidy vane
8. Guide vens .~ Turbine binda 9. Booster

4. Pump casing . Turbine disc 20. Suction port
5. Main pump . Turbina shaft - 21 Liguid packing
6. Liguid paciing Stegdm packing 22. 8all heoring
7 Hlollor bearing . Liquid packing 23. Gaaor

€ Steom packing 6. Pump casing

Figure 4(B)2
SKETCH OF PUMP SYSTEM

To upper surface of & Hollow space on the surface of the

driving pitton of gart 22272377 Sleeva vaive slesve valve
and stop valvo ™ s

ToB liquid calivery_ BV R A AL oo A%%
To atmosphore.. _C I3 3 8 %B

C

To balance 3rd
piston. 2nd @

Y,
Zoro | st Erﬂ&d
From 8 liquid filter. Speed or sbq;e_T

X 5%
B liquid N
pressure §//////7/// Z .
Noes SRS

BALANCE PISTON {3pgirs)

Figure 5(B)2
SKETCH OF FUEL DISTRIBUTING VALVE FOR ROCKET ENCINE
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Cooling mantie piece
.Pugkmg

\ \ B liquid
NN\ \ \ _~Flame extinguishing

cylinder

Injaction ——%

nozzle

0000000000

g

Bottom
pote”

Firing piece
Inner wail

\ Quter wall

B liquid releasiig valve

Figure £(.)2
COMNBUSTION CHAMBER FOR ROCKET ENGINE

s
N
'\

0)
@%3@(3) ,

@e®
@@ @

N
\/

A liquid vatve

Figure 7(B)2 ~ Figure 8(3)2

X-39(N)

INJECTION NOZZLE FOR ROCKET ENGINE ARRANGEMENT OF INJECTION NOZZLES
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The release valve for B Liquid is shown in Figure 9 (B)2. In ease
of a sudden stop, the pressure in the cooling mantle space becomes
7ery high compared with B part pressure of the distributing valve
and "residual B Liquid in the cooling mantle space is released. Taus
after-burning in the combustion ctamber is prevsated.

The pressure controller is shown in Figure 10 (B)2. In the sleeve
7alve are drilled passages for slcw speed and full speed, and by e~
70lving this sleeve valve, we can change from slow to full speed.

fhe passage formed by the piston and liner holes is throttled by %he
bressure rise of the liquid, and therefore flow of liquid can be
timited to the desired amount.

When turbine shaft speed becomes too great, the sefety valve reacts
0o this high pressure, and stops the flow to the steam producer.

Characteristics of pressure conftroller are shown in Figure 11 (B)2.
Note: AP is the pressure difference between the pregsure

at the steam producer and at the front of the pressure con-
troller.

N © ¢ o
,\“\‘§

s,
P/RIS17 17V

1282/ 8a s

T~ Quter wail
Spring

VA A
N, D N

Change valve
{slsave valve)

Figure 9(B)2 Figure 10(B)2
RELFASE VALVE FOR B LIQUID PRESSURE CONTROLLER

/&— 21 liters/ min. ot =14 gtn
| 7 liters/minatap= ae
6 atm

1
I
[
|
1
]
i

13
i
i
i
1
1

Running state

Automatic running Mox. thrust

Figure 11(B)2
CHARACTERISTICS OF PRESSURE CONTROLLER
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For combustion tests (see Figure 12 (B)2) the rocket motor was
placed on a thrust measuring table and the two liquids were numped
from their storage tanks thrcugh flexible suction pipe. Consrolling
&ear was led to the meter rogm. In this room, the controlling lever,
revolution indicator, pressure gauge thrust meter, secondary battsry
for the starter motor, switches, and electriec meters, etc., were

located.
= ] 10
3 9
f '

Figure 12(B)?2
COMBUSTION TESTS ARRANGEMENTS

Jet of burnt gas 7. B Liquid tank
Rocket motor 8. Flexible joint
Thrust measuring table 9. Controlling lever
Controlling gear ‘ 10. Meters

A liquid tank . Protecting wall
Flexible joint . Meter roonm

After the rocket was installed and tine thrust meter and piping were
connected, the two kinds of liquids were put into their respective
tanks. Next the starter motor was switched on and the controlling
lever opened to the position of L speed (autcmatic ruaning or no-
load running, Leerlauf.) ‘When the turbine revolutions reached 63C0O
RPM (in about 40 sec.) the starter motor switch was cut off, and the
turbine and pump system continued automstic running. According to
the steam temperature, after ebout 20 seconds, the levser was opened
to first speed and then to second and third speeds. AL the ssars of
conbustlion the noise of burnirg had to ba listened to carefully.

Several cautions to be observed while running are as follows:

1. Is the temperature rise of steam enough?
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. Is the burning sound &t the start sacoih?
3. Ts there variation of pressure and rotation speed?
. Ts the colour of co.sbustion Tliie good®?
. Is the residual anmount of ligquid enough?
. Is there firing due to leakage of linuids?

B. HNOB System

Tn this rocket concentrated nitric acil and ethyl alcohol were used as
the liquids. Ey means of compressed air, the two xinds of liquids in tie
pressure tanks were pushed out and injected into the combustion chamber
where they mixed together and combustion began. YFor igniting this mix-
ture, chemicals or ignition plugs were used. Due %0 the results of the
furdemental research on combustion, 1t was known that if the correct nix-
ture retio was used, the psrformance would be very good but the comnbusticn
temperature too high. By lowering the combustion temperature o that of
the E,0, system with the use of an over-rich mixture ratio of alcohol,
perfcrmence was obtained which was slightly inferior to that o the EH;0p
gystem. The special advantage of this system was that the production:
storing and handling of the liquids were easy and safe. Ffundamentel re-~
search on the combustion in this rocket was comnleted at the Sagami Navy
Yards. However, at the First Naval Technical Institute several experi-
ments on combustion were carried out so this rocket will ve described
brief’ly. It was reported that this system was successful as an energ;
source in torpedoes.

High pressure
air bomb

Combustion device

Reduction
vaive

Check valve

21 stage change volve

Ligquid no. 2
Pressure tank
(22 atms)

Figure 137'F)2
SKETCH OF THE ENGINE USING NITRIC ACID
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Three liquids were used as follows:
Liquid No. 1. - HNO, 95ﬁ, water solution
Liquid No. 2. 02H50H 85-90¢ l(ethyil alcohol)
Liquid No. 3. - igniting substance coasisting of:
Py (02H5)h (Tefra ethyl lead)
Mixture of (Jen,{cressol) and (GpHs)2 WH (diethylamine)
Ignition plug using burning substance.
The injected mixture was in the proportion of
Liquid No . : Liquid No. 2 :: 2.3 : 1 (weis:t ratis]
‘ In the Hy0p system, combustion is good when tiae in-
jection liquids form a film, but in this system tie
injected liquids must form a mist. (See Figuwe 13
(B)2 for sketch of this engine and Figure 14 [3B)2

diagram of .injectlion nozzle).

It is known that in this system the burning veloe
of the liquids is slower than that of the Hp0, s¥

IV  Test and Experimental Data. (H202 Systen,

Figure 14(B)2 Concerning the fire resistance capacity of the com-
INJECTION NOZZLE bustion chamber inner wall, it was found that using
a mixture ratio based on old data, the inmer wall was
burat after one minute, but, as the nurber of tests were inadequate, it canaot
be decided whether the mixture ratio based on old data is suitable or not.

Exper:iments on the performance of the pump werse done at the Hiro Naval Yards.
As a result of. experiments, a pump was obtained which produced 30 ata at 1.500
RPM at atmospheric pressure, but at an altitude of 8000 cavitation phenomena
occurs, pump delivery pressure greatly decreases and vibration occurs. To
prevent cavitation, a jet pump booster was used. Using this booster, cavita-
tion does not occur at altitudes of 12000-13000:.

Some of the experlimental problems encountered and their solutisis zie Uzbu-
lated below:

Itunm Trouble Solution or Piun

Pump System Insufficiency of pump Improvenen®” of the desisn o tonster
; delivery pressure. ., and main puind.

Whirling of two bearing First: Adoption of tiree oedrlqas.
turbine axis. Hext: Two bearings with smal
interval and a large shaft.

Damage to bellows: Stop the whirling of sheft.

ﬁxplosion of the pump First: Improvement of A Lig 11d
tio

of three bearings drain space. Next: aAdop
two bearings.

o_a
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Insufficiency of starter
motor power, _

Separation of carbon
ring from hellows.

Attachment of balance
piston connecting red to
41ts guide. (Because of
this trouble, explosion
of combustion chamber
oecurred. )

Breathing or hunting
combustion due to weak
safety valve., Damage of
volute chamber of pump dus
to strong sefety valve.

Explosion of combustion
chamber. Damage and
burning of injection
nozzle.

Damage and leakage at the
pipes distributing to in-
jection nozzle.

Fifing due to leakage of
liquids.

Increase power up from 0.75kw to
1l.0kw. .

Improvemenﬁ of fixing sutstance.

Improvement of material c¢f rod with
18-8 stainless steel plated witkL
chrome. Guide with 18-8 stainless
3teel, Use of pure water.

Adjustment of acting pressure of
safety valve (38 atm).

Connected the passages of the
quantity controller to each other
by the narrow passages through

she casing. The liquids leak to

she nozzles when these are not used.

Adoption of flexible pipes and
improvement of setting.

Improvement of setting.
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ROCKET PROJECTION OF BOMBS

The intention in this research was to combine & rocket with an aerial
bomb for use in land warfare. It is comparatively easy to project bozbs with
8 simply constructed wooden projector, but dispersion is somewhat extensive.

The projector is made of wood and covered with iron plate, as is shown in
Figure 1 %B) 3. The rocket and the bomb are combined by a simple wooden piece
upon the projector, as shown in Figure 2 (B} 3. The rocket, ignited electri-
cally, projects the bomb: The desired range is attained by adjusting the
angle of departure according to tables compiled from previous experiments.

Some of the essential particulars of these devices are as follows:

1. Wo. 6 Bomb-~Projector

‘l‘{eight Of bOle.....-..r..............-.--. .bg kg
Output of rocket (kg X sec)iiveeecrcoee....500 kg x 2 sec
Weight of Propellant.cecieeerecseccicrssecesecnannaabed kg
Total walght Of FOCKeb.u . eeeeeeneoenanencennnn.s. 23 kg
RENZO .t ceetnnsoseeeasssoscnsooesnenasescnsnoness O eatry

2. No.725 Bomb-Projector

Weight of bomb.....................................250 ke
Output of rocket (kg x sec)...evevovresse 4500 kg x 3 sec
Weight of Propellant,ceeeceocaseseerssvacnsnsncnanese?B kg
Total weight of rOCKEteecteeonesnssseasenvnacanesesalldl kg
Range,.....;...........-........,.........n..l,OOO meters

SEGTION A-A

Figure 1(B)3
RUCKET-BOMB LAUJNCHING STAND
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ENCLOSURE (B) 4

THE THEORY OF COMBUSGTION OF PROPELLANTS
AND ROCKET PROPELLING BALLISTICS

. By Lisutenant Commsnder K. MATSUSHITA
(Member of the First Naval Technical Depot)

11 Februsry 1946

PREVIACE

It was very difficult for me to make & com-
plete report, because I dburned all my reports
and experimental data at¢ the time of the end of
the War by wrong commendi. I heve described as
well as possible the outline of my researches.
Therefore, you cannot-expect factual completeness
in this report, but I have intended to describe
the directions of my research and soxe theoret~
icelly interesting problems in their details.

In addition I wish to point out that this
report is based on my own practicel experiments .
and research, though there are many other reports
of researches on propellants by Mr. SENDO, Mr.
HINO and Mr. IWAI, who were the members of the
research division of th: Second Naval Explosive
Depot. '

X-39(N)
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CHAPTER 1 - INTRODUCTION

My research on powder rockets began in August 1944, Since then I have
heen trying to meke practical applicaetions, to continue theoretical research
on this problem wnich hed many matters as yet not solved, snd to conduct
practical 2xperiments because it was urgently required to put the powder
rocket into practical use (ss an accelerating method at the time of take-off.
end during fiight for airplanes, or as the mein or suxilisry power of the
"OKA" and meny other special attack planes}),

In this research the most theoretically interesting problem is consid-
eration of the solution of the "Peak-pressu:e Reducing Method",

To this problem I have been able to find at last a possible solution,
but when 1t was found the war had ended. As this problem is the most impor-
fient item in the practical application of the powder rocket, then T will
dleseribe it in detsll as well as I can.

I would like to begin this report with the general theory of gas flow and
gradually anter into meny particular theorias,

CHAPTER 2 - THERMODYNAMICS OF JET FLOW
2=1 Notations

Now I will define the notations'used in this chapter.
P: ke/cm? absolute pressure
v cm3/ké specific volume ]
Cp/Cv ratio of specific ﬁeats
K cal/kg totsl hest w
K cal/kg heat gein from outulde (heat from fricticn is not
included)
K gm/kg work done by friction
K gm/kg potentisl energy
m/s velocity of flow
a: me sectional area of flow

G: ke/s flowing quantity

2-2 Genernl Fundamental Equations of Flow

As 8 @eneral fundemental equation of flow we have equation (1) or (2)
consideringz friction and external heat interchange.

d(w®/28: = =vdp — dE = Af seeruiiiiinieriaciiiiiiiiiiieiiieiieriiiiotiieniarsd(l)

d(w?/2g; = -Jdi + JdQ - dE .
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Yor e gas we can take df =0 | and, if considering no friction, we have
df = 0 3 hence, the fundamental equation is:

AIWZ/28) = —VAD 4 evvennrerosssosatontonsssnssssacassaressesisssensonvrsannrens (3]
AIW2/28) = A1 * JAQ sveevrovnreronressneessaosannrsossonesorsassnsenessonsee ()

In the genersl cese we have equation (5) as the equstion of continulty
which is necessary to solve the problem of flow,

dlaw/v) _ dia/v)

d’l‘ - dt ll!ll-llllll"!lll"lll_llllllllll’!llll'll'l..-on‘.alllou..l'l.(:‘)

where 1 = length of flow passage in meters
t - time in seconds

In special cases of flow, we have in every section of the low passage:

av/v = S conBtant seseseresvcesessrssarersssaraossrartsesecrcsasvasnnsernssens(S)

2-3 fdisbatic Jet Flow

In the case of adisbatic change we have df =0 | anq d¢ = 0 . therefore,
the chenge of flow velocity from eguation (3) becomes:
2

‘WQE— w12 )/23‘ = "fvdp lll.lillll'illl"lll’.ol'll"lllcl‘ll'llllton!lrl'l.)0.{7)
1

Yo ¥
with the relastion Pv’ = P,v, = counstant

Also, from the total heat equation (4), we have
(W%~ W% )/28 = J(iy = By ), erseessesesssrssorassssosessessensaccersasinnnnssnlB)

[

and w5.2/2g + Ji1 = w22/& + J12= consta-nt .u:.-.....-.c--:..-:-n.-.-.-...-...-..--(9)

We put: here (i, = i,)aq = Hyg

In the case when w, is small, (P, -~ PF,}) is large and Hyq 1@ large and we

can neglect w, in equations (7), (8) and (9).
) 1

We can generallg egtablish the next relation in sdisbatic f'low from the
]

equatione (3) and (6), because these equstions can exist in either case,
whether the flow is asccelerating or retsarding.

w? = 2_‘ l.lll'.l!!l.lltllIltll!'llt.ll!llull'lnll'l.l(lol
')'PN d& - a(ws W) dp ssecss e
where w, = dgypv = Ig(dp/dp),, = sound velocity

and p = gas density.

This equation means that 1n a convesrgent passage (da<C ) there will be a
pressure drop if w < wg, i.e.dr < 0 8and flowing velocity will increase; or if
w > w, there will be & pressure rise and flow velocity will decrease. In the
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case of & divergent passage (desd) with w<w, , pressure will rise and velocity
decreage; with ww, , pressure will drop snd velocity rise.

In adisbatic change we obtaln. the next squation for =, oy means of inte-
gration from equation (3).

: : “y-1a0y
w!=.l<;g;—_L'i Plvi{l-('g) oy ew?

2=, Jet From a.Convergent Nozzle, Critical Pressure

If the initisl velocity W, is negligible, we have the next equatlon for
silabatic jet flow from a convergent nozzle.

J b (y-1117
w =4 2557 Rwil- Foorvonnnaroes

Pesosrsceee

Putting a2, for the sectional area of the nozzle, we have:
. 117y

¥ ' = F1
G = agWa/Vs and PV, = Pov, or Ve = Valp,)

therefore

b N (y+10 iy _ ]
G = & 2g—~z—y_l —1{( - &) Foveoinoanarersoasaonsnsvrnanasssarss(13]
21y ty+1 )1y -4

o—u[ 1 B - Y)

2 5~ ) (14

ereveasrrecescones

' As the condition for the minimum vslue of a, , we have obviously from
aquation (i0) da/dP =0 , so in this case it becomes w_ = w, = w, , 1.e0. when
da/dp = 0 , flow velocity is equal to the ve]ocity of Sound.

-In order to get the condition for the minimum value of 2, we have:
21y (y+1)¢Y

d. P P =
ma—){(@i) - (I;,f) }Z O eeesvecsorsscnne

so thet we may consider the msximum value of

21y Cy+1) /1y

P, B
{ (‘15’:’) - (p) }.
We csn get P, i.e. P, s for the minimum value of a
2 yily=-1)

(.P_1)={7+]} .llrgc'llnctoo','ul!forn'nt'lll".nnn --------- srseseen {15}

whare P_ = the critical pressure for initisl pressure p,
and w, = w, for the case of P, = P,.

Puttingf’ for the pressure out of the nozzle, the “quaﬁions of jet velo-
¢ity snd quentity wie different according to whether P, by P,
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é) p, >F..
The total energy from P, to P, changes to velocity, and jel velocity
becomes:

.P,‘ Gy
2g7._ {1’() } Pyvy

or wy, =4 28 (L4-1 ), = 9L5lV H, )
.Putting a, for the minimum sectional arsa of the mouth of nozzle, the flow
guantity G becomes:

= - 27y vty
P B
IEg ¥ = {(P1) (p } T[i)

J - T P (=144
Letting =d g5 T7(1- () }
i Ve A €2 S 2
I I N
P

P
=2 { P,v, G=\yao»]’;i

b) = p,.

2

P,/P, = P./P, then w, =¥, ¥ = § and the G and ¢ resch
maximun, i.e.

=r2g7_:ﬁP1v1 = F A PyVy seevessecessonssasesnrsesens e . vevea{l7)

= 91.51 {(4,- 1 3,, - N e I3

l/(’}"-l)J y B
- 1
% G Ry FI1oY

_ [B
Vnax B0 N J) seeversenattatttristnttiteittesetannniiaiiiararane e

e) P, < Pe.

The pressure at the section of the mouth of the nozzle cannot drop tc 7,
end at mouth pressure ‘becomes P ., so that only the energy from > to P, i.e.

-J3vdp = J(i; - 1clady changes to veloclty in the nozzle and expansion from

B, to0 P, 13 done outside of the nozzle. Thus the energy of this pari cannot
change to velocity and the jet velocity becomes the same vslue ass given by
equations {17) or (18), independently o F,., The flow quantity is given by
equation (19). We can never get @ velovity higher than the speed of scund
with a convergent nozzle.
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2=-5 Jet F.ow From s Divergent Nozzle

At the section 2, (see Figure 1{B)4) pressure has the value P., the
criticsl pressure, and velocity is w, , given by equstions (17) or (18), i.e.
the velocity of sound. Flow velocity rises more snd more from sound veloclty
at the conastriction ( &) along tne divergent passage. a,/z, 1s the ratic of

divergency.
PI ///

vi

Figure 1(l}y4
CROSS SECTION OF DIVERGENT NOZZLE

The rotio of divergency in the case in which all energy from °, to 2,
changes to velocity, is a function of P,/P, snd is given by the following

gquation:
1/(7-1)J_———‘"3"/‘7""' (y+1 10y
y =1 B B

—y+l / (E) - (Pl) sevesessssas e PR

becauss
Ty = a2w2/v2 = anwc/vc

In this case the value of Jet velocity is given as:

P ty=1117 J
} Pivy = 3 Pyv,

w2=ng;—§—l-{1—(pf)

'il.l..'lllll’llll'lll-ll(zl)

ad

.o = 9151V H,

and the flow quentity is given by equation (19), that is

max mex

B
G, =V aof‘-; =V a, %(22)

In a 1ozzle which has a smeller mouth sectional area then a, it 1is impos-
sible to change 811l the energy to the extenili of r, velocity and » part of it
is lost.

In e nozzle which has a mouth of too large & sectional area, pressure
drops & value iower then p, and veloclty intiresses, but at the mouth, pressure
is compressed =mgain to p, 8nd velocity is decreased to the value corresponding
to F, . In this case a shock wave occurs in the flow snd results in an energy
loss.

Z«6 Case With Friction

The work done by frietion returns to the gss in the form of hest.

Putting ¢ as the coefficient of friction loss and ¢ as coefficient of

velocity we have Hy = L H,, b= W lW,

Hf = ; Hnd =l 452) w:ad/zg‘]

L:. 1l - ;ﬁz --'tnco.-naot".-on-o-nc-"-cnooou.n----o.---o-n-a-nu(23)
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—_ - 2
HMH,, =1~ 01 % - nozzle efficiency

If H_(K cal/kg) is friction loss and H is true heat drop,
Hy = (Wo,q = Wo ) / 280 = H, =~ H

and (W, ™

2 4
-w,%)/ 2 = If vdp —lj ar = Jii, - i,)

If we neglect w, , we can get t!. ®following equetion for jet velouity:

w, = #8 J(Pvy) = 91.51 ¢ [ H,, = SU.BL U H oeeeesvnconnvoersavensensossnansos{24]

For g convergent nozzle, if P,>F. , we have

G = WoBo/ Vo = $88, { PyVi/ Vo esessevsssesescsasarssasese serasassnonsass(25)

For a d.ivergent nozzle, 1f the retio of ‘divergency is compsatible with - /-,
we have L

G = WoBy/ Vo T 38, ¥ PiVy/ Vo eeewssssscnsnansiesnissssncnsosensnsrannses(2G)

With « the coefficient of flow-out, we have

G = ouG,, = uw,,,a/v,, for convergent nozzle

coevearnsonervoneness(iZ7)

HW, 8V, for divergent nozzle

Fora‘lozzle: pi" ¢V2!‘/ V2— q5-..--....-.......u..un-n-......-.-......( }

For an orifice, putting a as the coefficlent of vena contracta:

wzaao/ V, T MW 3/ Viu

a¢v /Vzﬁ' T a nc..nnn-00...-.-.0..0-----lcvol'-ovoo-nn-oo.n..-..(29)
24ad - - ;

CHAPTER 3 ‘
THEORETICAL EQUATIONS OF JET FLOW IN THE CASE OF "EXPLOSIVE GAS"

Notations

In this chapter we use several diff'erent notatioas as follows:
T4 OK T Temperature of explosion

oK = Temperature of combustion gas of rocket

kg/em? . liter/kg= Force of explosive or specific energy,

liter/kg = Gas vclume. i.e. volume of 1 kg of gas st 0093 snd 1 atm.
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w: Fg = Weight of charge
T: Kg Thrust
t: sec = Combustlion time of propellant
P, ,P,, P., etc., have the same meening ss before so that suffix 1 mesans
the pressure in combustion chamber and suffix 2 shows the pressure a% the
mouth of nczzle 1.e. the back pressure. Pressures sre sbsolute,

3-2 Relstlons Among Characteristic Values of Explosives

The ctarecteristic values £, 7,, v,, etc. are defined by the conposition
of an explcglive and it is possible to calculate these values from the resction
formulase by means of heat calceuletions. It 1s also possible to get fhese
values experimentslly with any closed explosion chember.

: nf# pepresents the energy of one kllogram of combustion gas at Its ex-
plosion temper:tture, 7,, sapd 1lts unit sre kg/cm? liters/ke por atm . liters/
kg.

1 (atmosphere) x v, (liter)

53,5 MRT, (atmosphere-liter/Kg)

= . 1.083 v,7,/273.2 Kg/Cm’x Liter/KE eeveecesevsrnoonsossrssssnsossssss(30]

and Pivy/T, = 1 x vo/273.2

We msy consider this equation epproximately true. Ii cannot be strictly
_substantlieted, because the combustion gas 1s not & complete gas snd it is
conslidered thet the composition of this combustion gss will be a little 4if-

farent from thet resulting from a complete combustion becasuse the explosive
burns incompletely if 7; 13 considerably smaller than 7,-

Therefore, Pvy = VoT2/273.2

. _f  2r3.2
Vo ¥ 1,033 7o

I S £ L _
.-.P:vi = 1.033 TO or 1.053 TO ll'.ﬂllllll.ll"ll.l.lll--.(sl)

Here the urnit of £ is kg/cm? s iiter/kg.

3=3 The Velues p _andy

From the last chaepter we have

‘ _P_c _ 2 yi{y=-1}
P, 7 {7+1}

“ = o4 2 STt P, = L BHRE = # = sound veloeity
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I'rom ‘equation {31l) we have

- x_ _f_ = =
W - QSJ 2gy+ l 1.033 7-0 .n-n.-an--u-o-us.o-------nq.-.-a....-.--.-c-(..z)

[

Namely, w, will be a function of combustion temperature, r , only becesuse
f, 7, and ¥ are constant for s certain explosive. However, we joust investi-
gate Lheoretically and expesrimentally the relation between P, and 7, because
it may be considered thet 7, changes with P . v

3= IPlow Velocity. w, of Jet

rom equation (21) end (24) of tae lsst chapter

‘l ’ P ty=-1117
w, = ¢ g5y (1- () } Pavs

Here the ratio of divergency 2,/2, 1s suitable for the value of P, snd 7, .

i"rom the equetion (31) it follows that:

J P (y=-211Y -
Ny ¢ 28;%—1 { l—(_Pzi) } “1_'55 ,7-; seversrsreesere et

Nemely, W, becomes & function of P, senc 7

3-5 Relation of Flow Quantity G

- from equation (27)

G T uG, = “wc ad) a'n/VC(ﬂ“

Y p V:J
w = @ vcud)/vc x ¢ anl fram PV c, tid)

iy

W™ B) W

. L/(Y=-11
2 o X
G = ¢u{y+1? “Cgvﬂ‘l@

Therefore v,

4 P,/vy, = P1‘l i-—/P:LV1

2 1/{y-11
G/a, = {557}

But from

We have

5 1/0%=1) J—-—--—- s -
Nemely - ¢{33%T1} Py 2T T . B - 2

Therefore, we cen show G/a, as & function of P, snd 7, .
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s

36 Relation Between Mean Thrust, ' T , Combuistion Time, t, and Weight of
Charge, .

If the charge ., completes its combustion in time, t, the meen qusntity of
gag gereratzd 1n every second 1s given as w/t/kg/s , and if we nsglect the
weight of gass which remains in the combustion chember after the end cf com-
bustion {for it is very smell), we mesy consider that the mean quentity of gas
flow per second is equal to the meen quantity of ges genersted per second, so
that it mey be written as follows:

o/t - mean quantity of gas flow and its mass is w/(t-g!)

Then as the meen thrust T 1is given as tihe product of mean flow quantity
and flow velocity, we have

Wo

g SV I NI NI IEIISOININILIILIEIRIIOIOIONOILIIIYEIOETRESREIERBDROTY S

w,/g

(y-111
4 4 f T

B
= ¢,J { 1- (5 ’) } To033 ° ;i B -3,

Thusg, obviously from equation (36), the walue which is given with T, x ¢
or impulse T, 6 x t 1in time t, divided by the weight of charge, namely, the
vealue of impulse per kilogram of explosive, hecomes s function of P, snd 7
and when inner pressure P, and combustion tenpersture 7, are constant it is
proportional to¢, if a,/2, 1s compatible with P /P, Here we consider, of
= ecourse, that P, is consfant. Further, in a nozzie whose g,/a8, is not com=-
"patible with P /P, , this value is smeller than that obtained trom equation {36).

3.7 Relation Between Thrust, T, and Inhner Pressure, P,

= @/g-w,

T
1L/ty=-12 (7-1214%
5T Byl YR
20 b { ” + J v+ 1 v"l $ 28 ¥y - 1 {1 (pi) } Puv,

1/t7-11 (7-11/%
P

1
. 2'}'¢2 {'y+ 1} P1J 7—2-:—1' {1~ (Px) | Y Y2

and 80 T/a, is a functlion cof P, end, if P,/P, 1is smell, it is nearly propor-
tional to

3-8 Change in Thrust With Varistion of P,

Now we put T' as the velue of thrust in the case in which P, is constant
and P, chenzes its value, and putting T ss the value of tnrust in the case in
which P, 1s constént and P, = 1 kg/em? »  we have:

! J E (y=-117y 1 (y=1177
= {1 - (=2 - = ’ ve{36)
{1 (pi) {1 (3, } terenecsreeranesnsesverssesarnnese(38)
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_ From equatién (38) we can calculate the ratio of thrust increase in the
case in which 8,/2, chsnges its value to sult the change of valus ?,/?, &o-
cordirg to change of altitude. We must remember that, if a,/z, 1s constaent,

it will ve different,

If we use & nozzle in which a,/a, 1s compatible with 7, = 1 kg/cm? on the
ground, the pressure difference (1l-P, ) kg/cm? at high altitude does not
change to velocity, because only the energy of the pressure difference, (7, - 1}
kg/em?, chenges to velocityw, though the back pressure becomes ©, < 1 xg/cr?.

Therefore, the veloclity or thrust T dJdoes not increase over the valus T
and we have T = T'. 1In the case 1ln which we teke the value 2,/z, gresler then
is consistent with Ple = 1 kg/cm?, snd if we show the pressure meent by this
value of 2,/2% @s F; , then it becomes T'>T at the altitpde in which P,<l.

In an altitude whose back pressure P, is grester than P, thare is some loss
of energy; therefore, in an asltitude whose basck pressure P,<%,” ~the value of
T'T will be obviously grester than the value which ls given by equetion (38).

0f course, T =T' if we take the value 2,2, smaller. However, we
assume:dl thet P, 1is constsnt.

CHAFTER 4
GENERAL CALCULATION CURVES IN A KIND OF PROPELLANT, "TOXU FDTg™

L-1 Cherscteristic Values of "TOKU FDT¢"

£ = 10,060 kg/em? + liter/kp
T, = 27200 K
Y= 1,25 (essumed)

L=2 Ceneral Calculation Curves

With the propellant "Toku FDT¢"™ as an example, I have obtained several
curves by means of calculation with the equations which were developed in tae
preceding chapter. The relationships on which the curves are produced ars
outlined below, and in Figures 2(B)4 through 10(Bl4.

Figure Relation between P, V.. 7, from equation
Figure Relation between P, and P, from equstion
Figure Relation between w_ and 7, from egquation
Figure Relation between a,/a; and P, /P, from equetion
Figurs Relation between w,. lgl. T, from equstion
Figure Relatlion between Gra , P, 7, from equation
Figure Relation between (T 'x ti/w, P,, 7, from equetion
Figure Reletion between T/a,, P from equation

1

Figure Relation between 7/, P,. P, from equation

a2l

=
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EQUATION HNo.3!

g

8

S &

COMBUSTION PRESSURE Py %9/cm®

S

o]

SPECIFIC VOLUMEV-e/ig

Figure 2(B)4
*  RELATION BETWEEN P, V,, AND T,

2 yity-11
EQUATION Na. 16

-

8 & 9

]
©

S

COMBUSTION PRESSURE Py K¥/om?

0) 2
CRITICAL PRESSURE OF NOZZLE Py Kilgm?

o

Figure 3(Bl4
RELATION BETWEEN P_ AND P,
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7

™ EQUATION y

i
i
il
i

i

1

700 800 00 1000
CRITICAL VELOCITY OF NCZZLE We Meec.

Figt'lr(! 4(B)g
RELATION BETWEEN W_ AND T (& = 1) FOR "TOKU FDT4"

JLien Ty -
J(7+1}/{(_2 _2)7”7}

EQUATION [io. 20

/

3 a 5
DIVERGENCY RATIO OF NOZZLE 3%/8,

Figurz 51B)4
RELATION BETWEEN a,/a, AND P, /P, (FOR v = 1.25)

X-39(N)
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B» -1 i T ;
W= g myrT - "7} T.o% 7, SQUATION N233

8
X A ‘
X ] X
[} §) 5
g Y&

00 1200 1300 1400 500 600 I700 1BCO 1900 2000 200 2200 2300
' JET VELOCITY Wy my

Figure 6(Blg
RELATION BETWEEW w,, P, AND 7, FOR "TOKU FDT4"

= ¢{‘7+1}“‘“’P1J‘ag{—1—} 70 HQUATION No.34

_—

02 03
@bo K9z, em?

Figure 7(B)4
RELATION BETWEEN G/a, Pl, T, [¢ = 11 FOR "TOKU FDTg"
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Po (¥-111
22y a- gy

0 120 /SO KO IS0 160 170 180 180 200 210 220 230 240
Tl (cac)

w

‘ Figuyre 8(~)4
Tm () - 2
RELATION BETWEEN y P AND Ty (0 = s Py =.1 kg/cm

“rog "TORU FDT6 "

T _ 2 1/(7-11 j~f P2 ty- V
a - 2Y¥A{yTT} Py (1= () ” } EGUATION No.37

20 30 40 50 € 70 80 90
T Kg/smz
/4

Figure 9(BJg

RELATION BETWEEN T/a, AND P, (¢ = 1,, P, = 1)
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EQUATION No. 38

/// =15

Py =30

//’/(// Pi= 50
:::::msmo

as i 1 ‘ 08 a3
Pg

1000 2000

__ 3000 4000 5000 60307000 8300 10,000
ALTITUDE W inmsters
Figure 10(Bl4
RELATION BETWEEN T /T, P, AND P,

: CHAPTER 5
INTRODUCTION TO ROCKET PROPLLLING BALLISTICS

Tor the theory of combustion of propellonts in rockets there sre many
resesrches and ln the report "Research On Rocket Ballistics™ which was
ptiblished by the Second Neval Explosive Depow on 20 Jenuery 1938, it is
concluded that: ;

The pressure equation in combustion is:

P = Py + (Py -~ Po) 3zl&] (39

The ralation between ratio of combusticn and combustion time is:

1
z

:)f dZ'(,'b z {Fo + Zf (Pl _ Pz)} = At soasvessnevceorosnnsossrontescrssannsssnnssres(40)

This oquation is based on equations (41) end (42),

dz _

a_t— - AP¢Z a-cc-.aoucua-oaon.u'novnnlunt-lroc-o»-unoouona'.naa---a.-.--10.0(4l)

¥4 t

vesensesessvresiecrcersavesess{42)

P=f o Zz t
co-;(l—z)~n{ofwdz—a°;g pdt }

in which A is vibercity and ¢ (Z) jg a function of form. Here P is the inner
70
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pressure dorresponding to z =1 (2 = restio of cembustion), P, 1s the pressure
induced by the infitietor powder snd [ is a function of 7, A W, C,, #tZ1, ete. -
1/7:7-1) . ——

= 2 /| Y
§‘¢{y+l} 5+ 1K
volume of powder chamber in liters
covolume in liter/ke
ratio of comdustion
cosfficient of velocity
$(z) :+ function of form
But this equation is subject to diascuasion snd if we hsd some theoret-
icel informstion sbout the presgsure induced by initistor powder, p , and
sbout the pesk pressure which occurs at the beginning of combustioh snd so
on, then we would have an sccurate solutien for the combustion theory.
CHAPTER 6
PENERAL CONSIDERATION ABUT THE PRESSURE TIME CURVE
DURING COMBUSTION OF PROPELLANTS

6-1__The Ragge of Pressure in Use

The pressure in the combustion chamber of & powder rocket has e very wide
rangs depending on its use and the physiceal charscteristics of the propellant,
In general, it is used as follows:

(1) Propelling power of rocket gun, rocket bombd, etc.,

{(2) Accelerating eirplsnes,

(3) Auxiliery power for take-off’ end main power for rocket-cetapulting
of planes.

In case (1) it 1s required to complete combustion and exert a thrust in a
very short time, in ordsr to mske accurate the trajectory of shot and to make
the offective range as long as possible., To utilizs the propellant most
effectively the thrust must be exerted in @ very short time snd befors the
shot will be influenced by the force of gravity. Therefore, it becomss neces-
sary to make combustlion velocity es large as possible, namely to use high
pressures for & given welght of chasrge., For this purpose we use & mesn come
bustion pressure of sbout 50,to 3000 kg/cm2 depending on the thickness and
composition of the propellsnt.

In case (2) the process 1s controlleble and we need not consider the
effext of gravity. However, it is required to continue the thrust for as
long a time as possible within the aliowed range of acceleration value. This
i3 especlially true in the case of speed increase aloft. At the same time it
is nscessary thet the rocket be as light es possible. Therefore, the propel-
lent for this use must have slow combitlstion and be sble to maintain com-
bustion at & very low pressure. For this we use pressures of about 5 to
30 kg/cm2,

In case (3) in order to use the rockets effectively as an suxiliary thrust
at tae time of taking off, it must complete 1ts combustion just before com-
pletion of teke-off. This time is about three to four seconds for a small
plane, ten seconds for a medlum sized plane, snd sbout twenty seconds for a
large plene, Besides, in the cese of & rocket catspult it is necessary to
finish the combustion effectively within a 1limited rall length; 1it, therefore,
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has 8 time 1imit and must be very light in weight. In order to pack a certain
constant weight of explosive compactly, the proper thickmess of propellant
must be used.. For this purpose we use pressures of about 30 to 50 kz/cm?
depending orn composition and the mutual relations between powder thiclimess,
conbustion velocity, pressure, and combustion time.

_ Thus the pressure used hss so wide a range that the pressure curwves of
rozkets are naturslly different from each other, but generslly the forms of
ths curves have a common tendency. ’

6-2 TForm of Pressure-Tlime Curve

When we begin combustion with a sultable quantity of WHlack ‘powdesr as the
initiator, we obtein pressure-time curves for propellasnts &g shown in Figure
11(B)4 for cordite, tubite end a propellent which meinteins a constent surface
area, 3

1, Cordite k
In this case a peakﬁpressure occurs at f/he beginning of combustion.
Pressure drops rapidly because the surface area of ccmbustion decreases
at onecs, 3
2. Tublte

(é] Rapid combustion

I this case the curve will resemble that of case (i), but its slope
ig less.

(b) Slow combustion

Af'ter dropping from the pesk value, pressure keeps nearly constant,
decreasing slowly. ’

3. Constant surfece area

After the peak is psssed, the curve becomes completely flst and 1t main-
talns a constent velue to the end.

6-3 Notations on the Pressure-Time Curve

Hereafter, we will consider the csse of tubite and will use the following
notations (see Figure 12(B)4):

Pesak pressure . |

Pregsure at end of combuéticn

Combustion time

Pressure st the point in which the effect of peak disappears.»

Pressure value traced back alonz the curve to t = 0, assuming pe
peak.

ta
Theoretical mean pressure = ] Ru/te
[}

E Approximate mesn pressure. If 1, is large, then

Pi + Pe
2
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N

TUBITE
{FAST COMBUSTION)

J%m

PROPELLANT MANTAINING
CONSTANT SURFRCE AREA

Figure 11(B)4
PRESSURE-TIHME CURVES FOR PROPELLANTS

Po

7 ""‘z;*'"%w

—t

Figure 12(Bl4
NOTATIONS ON PRi:SSURE-TINE CURVE
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ENCLOSURE (B)4, continued

CHAPTER 7
LEADING TO AN EQUATION FOR PRACTICAL APPROXIMATE CALCULATION
BY MEANS OF THE COMBUSTION THEORY OF PROPELLANTS

7-) The Cage Considering Loasdlng Density (4) and ccvolume(7)

At a certain time t, s smell weight of the gaseous products of combustion
remains in the combustion chamber, though slmost all has flowed out from the
nozzle, If we neglect the weight of black powder («,)} snd the weight of air
which wes in the chamber before combustion, then we have the next equstion,
beceuse the total weight of the gaseous products is equel to the sum of the
weight of gas which has flowed out and the weight of remsining ges.

t t 2 t z t .
a{ dz { 8o Pdt + ple, -V, - n(ag dz - J agl pdt)} {ag'dz - g 2,0 Pdty {1 + np)

[

P (¢, -V ﬁoonnon-no.-c-c---tnon-o.-.ou'--.-n---o.u-.-rn---.no.-(43)

T K P sesveussersssnrcovenrrecrsesoscnonervese{dd)

where 1 1033 1,
v Py -7

P
: We uss the seme notations ss those in the equation (42). This equation
1s Abel Noblets equation. Then, considering squation (43) 2t the time t_ or

2= 1, we have

1 to
( ag dz - { 8l Pdt } {1+ 7p, }

to
(w~ aoég Pdt } {1+ 7P, } = p.c,

t,
Putting (abgolute pressure)

‘Ne have: :
{ w = aOLP t } ( 1+ nK P } 0 l.llllll..lllll'lll'llllll'“l'h'II(QS)

In this equation, if we describe t as a function of mesn combustion
velocityxv ,» We have:

{w-aogpozs, } {1+ 7P, }

m ] ’

where w = d/zt . = d/zw, = thickness)

Dividing hoth terms by « we have:

T d _ 1 -
{1- ;ogpmoéwm } {1+ 77,<_rpe y = KTPe @760 sesersvesvesnersesaressrsoneseldB)

Thus we can obtain experimentally the reaction among these elements, ss
we are able to get the difference of P, and P, as an effect of the end
gurfaces of the propellant end verying "with thé retio of the length of ex
plosive, 1, and thickness,d.
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If we can consider in the case of slow combustion thetp =p , then we
have & practical approximate equstion ss follows: *

d 1 ‘
{ 1~ =° CP EWM} {1+m P, } % P ;750....“...“...“.‘.”....“(473

T ™

Ttus we have en approximete relastion smong the elements P,,, mean com-
bustior. velocity W, , nozzle sectional erea 2a,, weight of charge «, thickness -
d, losding density (A==w/qpombustion temperature, etc. From equation {L7)

8
% = kP VA, Y = 1tkmp_, Z = 1-3°

T mo

then we have zZ = X/Y ®essresssrressevassvesvrassenesseesarvatenons sonesennas v, L)

Here X can be calculated if A and P,, are given. Y will be possible to
calculete too, if P, is given. Z will becoms & function of &, end 7 1f P __,
» and ¢ are given because ¥, is given from the exzperimentsl relation between
P, enc W . (See Flgure 13(B)L4.)

Trerefore, 1f + 1s given, Z = X/Y , where X and Y are constents aand 2 13 a
function ofa . From this relation we can calculste a, or, if a, 1s given, we
can get =,

7-2 The Approximeste Equstion In the Case In Which the Terms of the Loallng
Density A and of Covolume n Are Neglected.

In equetions (47) and (4L8) we have

_ 1.033%
K - -
T

From eéxperimentel dete we have 7/7,= 0.5 to 0.6 cr 7,/7 = 1,67 to 2.0, when

f o 10,000, Then we can consider Kp = 0, Therefore, when P,, 1is smell end &

is large, we can consider X ¥ 0, Y 1 and, finslly, 7z = o,
We get, therefore:

1= 29 0P T T 0 essrerssesaciesiniesniitsineneieiiaiiiiaiaisnneae s (49)
m

rFrom thls we have the next equation as an epproximation for the c¢ase in which
P . 1s small and & is large.

m

a ‘ ary
Lﬁ?m 50 = l oon--'uoo-o-o-scboo.n.-c.-..-nn-nnne-o---:n-c-oc---v.----.-(DO;

We must use this equation with csution since the error will becone
greate:r when P__ is large end 4 is smell,
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For exsmple, putting f
therefore putting A

ﬁl0.000, 7,/ T = 1.5, then xr = 1/6500;
Q.

5 we have as follows: -

(2/6500) P, (putting P, = 50]
1/65 = 0.0154

1+ (1/65Q0)n P_,
1/130 + 1 = 1,007

0.015
0.015 {in equation (49) we have Z = ()

(=1, B, = 50)

o
o

Ifp, = 50 end & = 0.5, then the error in Z btecomus about 1.5%. There-
fore, in ¢slculating of a /o from equation

i

the error becomes about 1.5%.

! ‘
To celculete the value of 7 from equetion {(50) given a,, w ané¢ P we:
have: e
{ = constant AT . i.e, {7 = constant nge

From equabtion (LS) we. have
(1 - ) {7 = constant "C" where a = 0.015 but P,_ = 50, A = 0.,5)

C2

(48 ——, = x 1.
™ (48) TR x 1.081

T {50) c?

Therzfore, the tempersture error due to equstion (50) compered to (48)
will be sbout 3% in this casge.

: Phe above description of error, of course, depends on the values P__ snd
A In ths case of short combustion time, nsmely, P %P _, it will naturelly

be differ=nt,
7-3 Consideration Due to Experimental Date About the Approximate Equation

v Meking practical application of this approximate equation, it might hse
better first to celculate the rough value of an unknown element using the
simple equastion (50) end then to settle experimentslly its correct valus by
means of a trial snd error method. It is remerksble that the values of mean
combustion velocity ¥, will only be scattered a little depending on the teme-
perature of the propellant, its gluey grade, etc., though the propellant
compositions are the saeme. Therefore, values of P _ will also scalter a
little, sio we must consider the velues of P__ and W referring to sn experi-
mental reletion between P,, and W . For example, the author hes obtained the
following experimentsl formulae for the propellants "Tolktu FDT4™ and "Toku DT, "™

., by mesns of hls own experiments (see Figures 12 (B)L4 and lb(B?ho)
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t pdt
= at+b °oF a+t+hb esrtess eIV esssssr sy
P 6[ t,

- 4
Pro = 2BE,

(a and b are constant; 4 is the thickness of propellant). For "Toku DI2",
a=1.60, b= 0,113

For "Toku FDTg" a = 1,55, b =0.082 (P, is gauge pressure)

It is very difficult to solve theoretically and mathematically the effect
which is given to the value of W, by the tempsreture of propellant, its gluey
grade, eto., and we must solve this problem by means of much experimental
data. This will probably be very difficult.

. Lg for the velue of 7, it is influenced consiaerably by the degres of!
incomplete combustion, and it is recognized experimentally that the value of

7 will rise, decressing the amount of blsck smoke when the valus of P
inerecges. The composition of the propellsnt will also enter intc the pro-
‘blem. When A is smell, the condition of combustion improves and black smoke
deereeaues and it 1s easily recognized by meens of experiment that the wvalue

of T rises, Therefore, we must calculate 7 from the spproximastc equstion.

- The velue of 7 should be somewhat different from the calculeted value, varying
with changes of P, for a constant value of & ; also 7 should be scettered lr
accordance with any difference of & for:- the ssme value of P . , becsuse in this
equation we do not consider the condition of combustion.

‘e value of 7 given in sccordance with the ratlo of the hsat loss asgainst
the heat of combustion of the rocket, should be dependsant on the msgnizude of
heat .oss due to radietion and transmission from the wall of the combustion
chember, if the inner pressure and the quentity of flow are essentlelly
constant. - It is easily recognized experimentally that the velue of r decreasas
‘in the case in which the heat loss, which is absorbed by the rocket materiasl
and lost externally, is larger. Besides, this heat loss ilnevitably becomes
greater when the temperature of ‘the rocket wall or of the outside 1is lowered;
therefore, it is recognized in cold climates that 7 becomes lower and hereby

the values of P, , etc., change for the same rocket.

1 such & cese, if 7 is different for e rocket of the ssme deslgn, usling
the sume kind aof propellant, or if 7 is different, uaing another propellant,
the value of P,,/¥, must become grester for a consatesnt value of a,/% wihen 7
increases or 7/T, becomes greater. Since from equatlon W =a+tbP__we heve

_l
a/P. +Db

m LI

the value of P,, inrcomes grester. Therefore, ir 7 or 7/7, becanes greater,
the vialue of P,, becomes greater for a constant valuz of a /o, CoOnsegqueatly

the value of W, becomes grester, so that In the same rocké%, if + incrsases or
in the case in which the sasme quantlty of e different propellsnt is usz2d and
/T, ‘Jscomes greater, P, should be greater and t . should decresse.
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d “_ te gt

z, - atbf Py EQUATION Na S
Wm =0 +bPmo

FOR Toku DTp asl.60 b=0.133

FOR Toku FDTg 0=155 ba0.082 -

e

a
FOR Toltu FDTg» USEFUL LIMIT
OF PRESSURE IS ABOUT Fing® BKg/om?®

MEAN COMBUSTION VELOGITY Wm mm/Aec.

T e m ©_20 24 28 %2 35 40 44
VEAN COMBUSTION PRESSURE Pmqu/sz (IN GAUGE PRESSURE)

Figure 13(B)4
RELATION RETHEEN P_, AND W,

Pmo = Yope™ Yp  EQUATKHN No.SI

4/2p

. FOR WNO.500 To¥u FDTg 303
NO.343 Toku FDTg 209
NO.343 Totu DTy 15t

bl I

AmaamiieTIAML TIRAE b

VUMD UL IWVIV 1 W

4 & 12 1620 24 28 32 38 40 44
MEAN GOMEUSTION PRESSURE Pm, Kg/cm? (IN GAUGE PRESSURE)

Figure 14(8)g
RELATION BETHWEEN P AND %,
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ENCLOSURE (B)4, continuad

7=k - Liquid Rockets

For a liquid rocket in equation {(43) we csn put vt = Q.
In equetion (46).f and 7, sre the characteristics of the explosives, so that
for & liquid rocket we can get this vslue by meesurement by the seme method
gs fcrdexplosives but using s semple of the mixture of the 1iquid snd fuel to
e vged,

Then 7, shows the totsl welight of mixture jetted from

t=0, tot=tand P =P,

in steedy jet condition and, if we put Pn, P, then P = constant.
Her« we sre not concerned with peak pressure st the beginning of combustion.

Putting @ = @ kg and with 4 K8/S teing the qu%ptity of the liquid mixture

jetied per second, then d/2 W, = t, and becomes t = Q/a.

+

a Q 1
{1-3°tPgY{1+xmP} = xPga,

©

20 - 1 =
{ l—q gp}{l‘i‘KTﬂP} - KTPWCO .I'llttllll"b.lltl..'nl.tl|l..tllnlt-(°2)

Pron this we get the relation of elements for any liquid rocket, but the
prelation between P snd q, etc., must be obtesined experimentslly ss in the
relation between PF,, eand W, for sny explosive.

- CHAPTER 8
OUTLINE OF THE METHOD OF DESIGNING A POWDER ROCKET

8-1 Required Values for Design

Teking m es the mess of a body Tlying in the sky, v flight velocity and
T thrust, and disregerding the reslsuence of air, we have

Vo

t
d =
%1 mdv J Tdt

Therefore, the increase of velocity is proportional to the integration of
T by t. Considering sir resigstance, it will change in accordsnce with velo=
eity change, so theib thisrelstion should be 2 little more complex. We can
.generally estimste the degree of velocity increase with the value of 'impulse.
Thare ig a8 relstion between velocity increase, thrust and time. Also, sirce
the combustion time t is decided by =whe function of the powder rocket, we will
be sble to fix the velue of W, and therefore d for a compstitle value of P, .

8-2_ Determinstion of Cherge

Rocket thrust is given by




X-39(N) ‘ RESTRICIED

ENCLOSURE (B)4, continued

Therefore, it is proportionsl to the product of mean gas flow per second and
Jet veloclty, or we have

Txt | W

w - g LR N N N N R R R R A W A A I IO A U A SO RUIN Y I I U A B AN I A «(Z23)e

where Y2 1s possible to ecslculete with P, , P.7 , etc, We have from experimerital
data:

Txt

w = 180 to <00 --to-.ucuuou-.-n-a-uoooo--u-oon-o.-c-r--n:---.-un.-..r-(54)

This velue 1s for a good nozzle efficiency, for a low nozzle efficiency it
might be 140 to 160.
From equation (54) we can g~ »w when 7+t is given,

8+3 Determinstion of Nozzle Dimensions

(1) Method for fixing o

It should be generally satisfactory to calculete it with equstion (50).
There 1s, however, considerable dispersion in the values of force of
explosives and errors due to the effects of tempereture of propellent,
etec.

2o 4
CO{PmoZWm_l

For the value of r/r we may teke sbout 0.55 in celculstion of { . Thus
we can estsblish an approximete value of a.

(2) Method for fixing a,

We can fix the velue of 3, , fixing 3,/2, corresponding to the given P, /7,
from the curve of azlao'-ﬁl/Pz . This curve 1s based on the velue of ¥,
and_if the character of gas is given, it is possible to fix 2, eccording
to P,/P, ., The question arises how to caoose L ) cn the pressure curve,
Generally, in the case of tubite, if the time developed gy combustion
reaches seversl seconds, we should teke P, or less than F. rsther than
P.. 8s the value of P, for a,, taking lato consideration energy loss ard
‘thrust: peak.

(3) ‘Divergent Angle of the Divergent Fart

The suthor did rot experiment specifically on this problem. Bu: from
my experience I can say that for a rocket used for sn sirplane, we may
take &3 its vaslue sbout 200, For a large rocket, if pressure 13 high,
a,/a, "becomes greater; if the angle is small, the length of nozzle be-
comes great. If its surface is rough, the friction loss becomes grester
snd iis weight 1s incressed becsuse of the asdditonal nozzls length
required. ’
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: CHAPTER 9
CONSIDERATION ABOUT THE PHENOMENA OF INTERMITTEN?
COMBUSTION i.e. THE BREATHING PHENOMENA IN COMBUST..ON

9-1 Explanstion of Intermittent Combustion

In the summer of 1944 we succeeded in our experiments on & rocket for
girplene use. It wes named "4 FH 120" and used propellant "No. 500 Toku FDTgM"
Propellent deta were about nine seconds combustion time, and sbout 15 kg/cma
mean pressure. While we made masny prectical applicetions from sutumn to
winter, we recognized that the combustion pressure gradually beceme lcwer and
the combustion time increased (about 1D kg/cm? mean pressure and about 11
seconis in time for smooth combustion), When the pressurs dropped from this
velue we often encountered intermittent combustion. These pheromena also
occurred st high altitudes, though we hed smooth combustion on the grcund,
These phencmens sre characterized by wismooth combustion end irtermittent jet
flow having a time interval or 1-2 seconds, 3 seconds, or more. Thus combus-
tion 1s not completed in one jet end by the end of combustion it hes hagd
several rests. Therefore, thrust is exerted intermittently,

For "Toku FDTg" in this breathing phenomenon ccmbustion develops very
thick black smoke.

Combustion with barely no bresthing is very unstable snd cscillation in
pressure in the Jet often occurs. In such ceses the form of the pressure
curve becomes as shown in Figure 15(B)i.

It 1is remerkable thaet 1in case (c) the frequency of breathing varies, and
that every curve before or after breathing has a similar form. Pressure drops
step by step 1In accordance with the decrease of combustion surfesce (end sres
of propellant), but the interval of coribustion is not constant.

In our experiment we found thst other things being egual, the bresthing
phenomsnas have a tendency to occur easier in case of horizontsl setting of the
rockes than in vertical setting and upward jet.

' 9-2_Gause of Intermittent Combustion

«

In considering these phenomens we cen give following ss their causes:

(1) Combustion velocity is excessively influensed by lowering of tem=-
perature of propellent, .

{2) Combustion preééune-drops in correspondence with the decresse of
combustion velocity for rockets of the seme design.

(3) Pressure has s certain limit on its lower value, {necessary %o msin-
taln continuous combustion) in accordsnce with the charscter of JeJate
pellants. For "Toku FDT " this limit was sbout 5 to 8 kg/cm* gauge
pressure. (It is remsrkséble that combustion in the rocket chamber is
eggsentisally different from combusticn in open air. While combustion in
the chember hes & low pressure limit, combustioa of propellsnt in cpen
air is possible with very slow development).

(4) Corresponding with the lowering of the temperature of propellsnt,
specific energy declines simultaneously with pressure drop snd decresse
of combustion velocity. Also, the combustion tempersture heccmes low ard
it epproaches the criticsl tempersture, which is the limit of temperature
possible for continuing combustion. With the pressure drop due to de-
crease of end area of propellant, the combustion temperature decresses
gradually and resches the limiting value.

8l
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T

Rm, N M~

Figure 15(B)4

PRESSURE CURVES FOR (a) SHOOTH, (b) UNSTAFLE
AND (c) INTERMITTENT COMBUSTION

POWDER CHAMBER

/

PROPELLANT
(TUBITE)

Figure 16(F)4
HECHANICAL DISTURBANCE OF PROPELLANT DURING COMBUSTION

(5) The difference of combustion between horizontsl and verticel posi-
tion of the rocket is as follows:

In the case of horizonvel burning, propellasnts will fall or slip downe
wards perhaps with a little rotation, as they become thin. (Figure
16(B)L) Parts of their combustion sur’sces msy be digsturbed either by
friction with the chamber wasll or other propellants. Therefors, gener=-
ation of gaseous products becomes partislly unstsble and combustion
pressure in chember will tend to drop below the critical pressure, if
combustion pressure 1s near the lower limit.

In the case of verticel burning, when propellants become thin, they do"
not rotate and combustion on their surfaces 1s not disturbed. Further,
since the nozzle is situated verticslly, the ges flows upwards and com-
bustion is improved by convection, etc. Combustion temperature also
increases in compsrison with horizontal burning, so that in this case
tempzrature and pressure are more diffficult to decrease than in the
horizontal case.
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= The relstion between the critical pressure and the criticel tempersture
is g8 ffollows:

In Figure 17(3)4 I will explain this relation. 'hen combustion of pro-
pellani; 13 initlated, if the difference between generated heat gqusntity and
heat loss is large, then tempersture quickly becomes grester than 7, snd
pressurs. greater then P,.

HEAT ‘ i
w@éﬁ&%‘;‘rm | ¢ BT i
'@ -
=8 7 .

-
8= ‘

u ’ - GURVE OF ¢
ezl | & é\ | HEAT LOSS
%s PK"R l

|
(2} ///// (1)
o / I ,
e P K a «
P

- Figure 17(Blg
RELATION BETWEEN CRITICAL PRESSURE AND CRITICAL TEMPERATURE

Combustion continues et the point pr with & balence of heat louss ané hest
generated. But ss the surface sres decreases graduelly, pressure drops,
genersted heat decreases and the curve of genersted heat quantity goes down-
werds while the curve of "heat loss 1s conatent for the rocket. Therefore, the
point ¢f balance pr moves to the left, for exsmple p'7m , and greduslly sp-
prosches the criticel point Py 7, . Whea it reaches P, 7,, combustion becores
unstable and the condition may enter regzion (2) with disturbance of corbustion
surface., ‘ g

If generated heat becomes less thaa state K, the process erters ccmpletely
into region (2) end in this region the 1eat loss Is grester than the hest )
generated. Therefore, tempersture drops suddenly, combustion cannot ccntinue
and the jet stops. In this stste of rest, the propellsnt begins decomrosition
with no combiistion in region (3) and heat will be gererated again with scarcely
any flow of gas, that 1s, scarcely any heat loss. Heet will then be asccumu-
lsted and when the tempersture reaches its lgnition value, combustion will be
developed again end the condition will reenter region (1).

Thus, repesting combustion and rest, the bresthing phenomers occur. For
this explenstior 1t 1s necessery to havs a 1little discussion, but in genersl
T think 1t 1s good.

Mr, HINO has explsined this critiesl point of combustion as follows:
Taking combustion,velocity as W: :

Ol
.

i n
wi = a,P + b,p where n<l. and nx
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He estasblished four pressure regions: A very low pressure region where
W=a pl/
e lower pressure region where W= a + bp with a small, b large;
a highsr pre'ssure reglon where W=a+ bp with a large, b small; and
a very h.gh pressure reglon where W="bp= WP,
| The.cfore, 8s iﬁ Figure 18(B)L, the relotion between W and P should be

guddenly changed from 8 1inear relation nesr the pressure 1imit. This ex-
plenation may be worthy of consideration.

/

Pk

P

Figure 18(B)4 : -
RELATION BETWEEN COMBUSTION VELOCITY "W" AND PRESSURE "P"

G=3 Tliminatlion of Intermittent Combustion

We in7estigated in cold climates the effect of lowering the temperasturs
¢f propellants on combustion velocity. As a result we made the nozzle sares
cmaller snd increased the pressure in use to keep the pressure snd temperature
of combustlon over their limiting vslues. .

wWe malntained smooth combustion withoul; unstable disturbances of com-
tustion surfsece by :preventing movement of the propellsnts. We used a wire
freme for propellents to prevent touching the chamber well.though the pro-
pellents were free to rotate during combustion.

- CHAPTER ..0
CONSIDERATION ABCUT THE PEAK PRESSURE
IN THE PRESSURE-TIME CURVE OF COMBUSTION

1.0-1" Form of Peak Pressure Curve and Its Duration

The most troublesome problem in the design of s powder rocket is the
question of the peaks in pressure and thruss.

The peak influences the strength of the combustion chember end of psris
preceiving thrust. Especislly in the case of a rocket catapult we csnnot in-
crease the mesn accelerstion with regard to this peak, therefore, its rail-
‘length becomes long snd it incurs meny troubles.
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. If we "have & solution for this peak, then we may avoid these troubles.
It is very importent in the case of povider rockets. Therefore, I heve had
a grent interest in this question. .

If we took black powder as sn initiietor in quantities experimentally
necessary and sufficlently smell, and the ratio of the weight of blsck powder
to the volume in the chaember, i.e. w /c, -V, was very smell, sad if the chargs
w>>w , the pressure rise due to combustiion of only the initistor itself at the
instdnt of ignition should be wvery smsll., It is very smsll in comperison with
thet of the propellant. But there always occurs & high pressure pesk st the
begimning of combustion of propellants as shown in Figure 19(B)4. In czase of
bad ignition of the propellants, that ls, when the propellents begir their
combustion several seconds after the combustion of initiator powder end sfter
the gus of initistor hes flowed out of the chember, a peak pressure oczurs as
shown la Figure 19(B)4.

(a) (6}

PEAK CURVE PEAK DUE TO
FOR W: SMALL

V.7

/

Figure 19(8)
EXPERTMENTAL PRESSURE CURVES SHOWING PEAKS

The form of the peak curve is different, of course, varying with the kind
of propellant. The larger the combustion veloecity, the morfe rcundish is the
curve, and the smaller the combustion veloclity, the sharper is the curve. HNow
we wiil consider the meaning of peak curve or of its slope. From equetion (43)
in paragraph 7-1 we have the following, 1f we neglect « :

r4 t
{ ag dz = [ aglPdt } { 1+ 7mp} = ple, = V) eeevrrarocansonenaeiiennaans{43)
0

0.5 to 0.6

2

1/(7-1)1
= 5T}

7

(ﬂ: covolums, liter/kg)
Substituting dt for dz, we have

. W t. . t
(vog‘swdt—oj ag{ Pdt } { 1+ P} =
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If we neglact Xy beceuse 1t is very smell, we get

@ t . t =
‘{,‘ fswdt g faOLPdt vonn'lcnc-.onooo-ouo1-....009.10-..-‘:-.--lnn----lxnO(L‘U)
00 0

Here, if we consider {, P and W constant, ws get
W/VgSW ¥ 2,lP

This rormuls means that the gaseous products per second are approximately
equal to the quantity of flow out per second it surface area in combustion is
constant, aad therefore pressure and combustion velocity are also constant.

Now if P 1s constsnt, in order to get cP/dt, we differentiate ecuetion (54},
hecause if we got it from the e&ua-tion (55), «, is neglected and the value
-‘would never be true, since V,, V, and V, srs functicns of t, though we assume
 is constant. Here we may consider

w = a+bp, T/T, % constant, so that { ~ constant

Therefore, if we put any value of P, in the descending part of the peak curve,
into this oquetlion of dP/dt which 1s obtsined from equation (54), then dP/d:
hes a negative value and we get the slope sl thet point.

Here I will abridge practical cslculetions. Now I will consider simply
the descending part of the peak curve while the slope at any point in this
curve can be given mathematically. From equation (55) in which «, is neglected,
vie had: ‘

w .t t
7. J swdt = [ alPdt
) 0

This =quetion means that the quentity of gaseous products generated in
i;ime t from the beginning is equal to the totasl flow out quantity of the gas
ot that time. This relstion is epproximate.

Differentiating this equation, we have

VOSW = abgp-!l.lllll'l'll'll.tll.llll'l"ll!Dlticlooouﬂollllllhot'lltOIlo1(56)

EBut 1f we consider P2 P, , and equation (56} exists only in the case of P - Pos
rnamely

Py % Sw_ /a L
Q Py o
‘ @
o that A Sw, /as¢
From W = a + bp we have the next relation:
@
voo(a +bP) # aglp

The right t erm beccomes grester than the left, namely, the flow out quantity
ger second becomes greater than tne generated quantity per second. 'The velies
“of a and b are given below from my experiments.
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"Toku FDTg" a 1.55 b 0.032
"Toku DT2" a 1.60 b= 0.113

and, in genersl, a is nesrly 1.5, b ls nearly 0.1, P, 13 the constani pressure
in steady combustion with the constsnt surface asrees S,

In this case 1n order to keep P constsnt or to equalize tiie left and the
right; sides, we must meke the sectionsl area of the nozzle smeller thanm 2,.
In other words, in order to keep pressure P,, the nozzle ares must be 2., but
to keep pressure P, the nozzle area must be ( a, - 8z, ), namely it musz e
gmaller by as much as fa,, Therefore, pressure should drop graduelly from
P toP, and 9P/3t < O1if nozzle sres kept as Just a, 9P/3t 1s obtained vy means
of differentistion of equation {54) es & function of P as previously mentioned,
vut c¢learly 1t is slso a function of & and b, ,

Tfrom equation (56) we have:

agl _ a2t bP -
gﬂ VO - P 000.-00--0-..--00---.-:-'n-o--voole»otc---l-.c..----n.-n--(Dl)
‘Therafore, in equation (56), if P is large, then the left term will be less
thaen the right side, so that in equation (57) the left term is constant while
the pight side-becomes smaller if P becomes grester then B .

Nemely % +b=e (p=R, c = constant)

>+ b <e (P> By ) eevensesnsnasssssnossrssasasssossnsansssniscsossnscescldB)

Thus 3P/3t 1s a function of P, a end b, In order to discuss the influ-
ence of a8 and b with respect to oP/3t, we may consider a and b in egustion (58)
whero 8 appears as a/P., Generally P 1s large but a 1s very smsll. Therefore,
the term a/P 18 very smell in comparision with the s2cond term b snd its value
scaroely changes with e change of a,

‘Therefore, any chenge of the second term, or vslue of b, directly affects
‘the value of the left side of equation (58); In other words, the velus of
2p/at depends more directly upon b thar a. If we consider 5pP/2t for 8 certaln
pressure P for various propellsnts with different combustion wvelocities, the
largar the value of b, the slower is the pressure drop. .

" If P 1s comparatively smell, {but P> P_ ) and the value of 8/P is com~-
pereble to the value of b, then the value of s will influence ¢F/3t comparebly
to b, We are able to say that the slope of the curve of pressure érop aefter
the pesk depends mainly on P end b for sufficiently large values of P and

depeinnds on P, a and b for small velues of P. "

The larger the velues of a sand b in the formula w = a+bP, the more convex,
roundish or flatter becomes the form of the peak curve, snd the smeller are 8
and b, the more concave or sharper becomes the form, snd the influence of b is
grea®, (see Figure 20(B)4). The time required to go from P,,, to P, is longer
for larger values of & and b then for their smaller velues. For exsmple, for
"No. 500 Toku FDT " time t, continues about 9-11 seconds egainst F, = 10 te
15 kiz/em2, In this case the time of the peek curve is about 1 second. The
lerger the value of P,,, becomes, the longer is the time of the peek curve for
_the same value of P, Therefore, P,,/P, depends melnly on bend ? . Iin
orde;r to bring its value near to one, P and b are made larger. This vslue
of P,,,/P,, Wwill be nearer to one, of course, for thin propellsnts, nsmely,

m.t

those of short combustion time, than flor those of long combustion timz, beceuse
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tte time prossure P_ 13 acting becomes shorter for a constant time of the peak
pert. In other word%, we. are sble to say that for the sesme thickness of pro-

pellant, the larger becomes the ratlio of the time of peak durstion agelnst t

or the larger becomes P, egainst P, or P, the nearer to one becomes B_../P

.
ax me

Fo

AN

t-TIME OF PEAK CURVE

Figure 20(B)y
VARIATIONS IN DURATION OF PEAK PRESSURE

10-2 General Characterigstics of the Value of P

ma x

I will emumerate in this section the general characteristics of p ,, mainly
besing my dlscussion on theoretical considerations geined from our experiments.

(1) If we putP,,,/P, or Py =X, and assy this 1s the "peak rstio™, then

hes the relation with P, or P, shown in Figure 21(B)4, where P,

epresants the pressure in steady combugtion with 2 constant surface arsa
= For tubite we take P, 1instead of P, but here we consider

_0.
=P, .

Ap
S
Py

Ap 183 about 2 to 3 for a comparstively small value ofFo 3 1f the
volume of the chember is comparatively small and the value of S/!C, - V,)
is comparatively large.:yFor exemple, with "Toku FDTg" and "Toku DTo"
with Ay, = 2 to 3 and P; = 4O kg/em~, A, becomes 1.5 to 2 snd, in genersal,
for lasrge values of P,, A p @pprosches one,

. Coansldering the value of P, /P., , we are able to say there 1is s
simils> relation for a certain value oft, . For different values of t,
this mist not be discussed es a genersl property, becsuse the influence
given <o P_, with eny difference of time after pesk part is ratiesr large.

(2} The value of P_,, never depends upon loeding density, but upon the
value of S «/C, - V;), where C;is the volume of combustlon chamber snd
1s the initial volume of the propellsnts in the chamber,

Peak due to excess of initistor powder is enother gquestion. The higher:
tLe combustlon veloclity of propellant and the lasrger the rastio of initiasl
surface aren of propellant against volume of combustion chember, the higher. is
tre value of the-peak pressure P,,, due to the combustion of the propellant |
it-elf, , ' ;

Compafing propellent "Toku DT2"™ with "Toku FDT¢" with regard to their
value of combustion velocity W, we find the higher vaslue in the former. Their
pressure curves P, or P, and P ., show the higher velue for the former.

Finselly, 1t has been recognized experimentsally that sccording to {1}
atove A, ha3 a constant value for a certsin value of P, in almost ell kinds of
propellants, Therefore, the larger W becomes, the larger is the sbsolute
velue of Pn.x for the different kinds nf propellants.
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ENCLOSURE (3)4, continued
hp

&7
s~ TOR 6,V )= const.

Figure 21(B)4
CHARACTERISTICS OF Pm

(©)
(eXo)
b (
PM\\
\ {\ f\ (™~

Figure 22(8)4
EXPERIMENTAL PRESSURE CURVES

€/(C, - V,) we find experimentslly has a great effect on the vslue of
P , 88 shown in Figure 22(B)4.

nax
In osse (@), Figure 22(B)4, we put three tubites in the chamber, in case
(b) we put only one tubite in the seme chamber, in case (c), the case of
intermittent combustion, we put three tubites. In all cassas w/a, 1s a constant
end th: volume of the powder chamber ¢ 1is constant. Propellant’ "Toku FDTg
Nc. 500" was used. Now I will explain®(a) snd (b).

For (a) So/leo = Vo) = 7y,

Loading density a a,- .
/3 S
For (b) o - /3%

Y, < V3, ,
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ENCLOSURE (B)4, continued

In Figure 22(B)4 (b) the velue of Pn., is very small in comparison with
F ex in Figure 22(B)4 (8). The reletion of the loasding density is not of
direct concern in this connection. It is obviously proved in Figure 22(B).4
{¢) thet in avery breathing curve the form of the peak curve is almost the
same, but the ratio Ay is gradually decreasing. While the value of losding
density decresses, S fg always nearly constant snd V decreases. The value of
s/tc_ - y) chenges only & little and in this case the changes of the pesk
curvés develop sccording to the value of g/ (C_ -V) . It is found that »_ in
every peak cof thls cesse can be plotted upon the curve in Figure 21(B:4 for @
constant vslue of S/LCO-V).

Trom the results of my experiments in high sltitude there is a certain
raletion between the change of altitude, or of back-pressure, snd the peak
ratio \,, i.e. P,, becomes lower and A, approaches unity with s drop of back-
pressure.

For tnis item we had some experimentsl desta in which »_ became very small
st eltitudes of about 6000 or 700m. We did not perform thele experiments
accurstely enough and I csnnot argue forcefully for this relation. We must
meke further experiments on this problem.

(4) The welue of p,,, is also influenced by the charge of the initistor,
pressure of initistor's gaseous products, relative situstion of initi-
ator sgainst propellant and nozzle, etc,

TPor this item we must make many experiments in all possible cases,
We can surmise, however, that:

(a) 1In case of late or early ignition, P.., has almost a constant
value, but in the case of lnstantaneous ignition, P,,, becomes
smaller.

(b) It seems to us that kp becomes smeller with better ignitability
of propellant,

{¢) If the initiastor charge of black powder » becomes greater over
n certein degree in comparison with initiel surfsce ares of the
propellant S;,, then the pressure due to initistor will be. shown &8s

® maxe But it is no question if o is comparatively small, Espe-
cially if the ignitability of propellant is bad, there are often
such cases in which combustion of propellant begins after the
lnitiator ges hes elmost flowed out completely snd P (press: due
to initistor gas) has dropped to slmost zero. In this case g has
no influence on the value of P,

10-3 Tncrease of Combustion Timqlft., +n Case of No Pesk

Now ‘ws will assume that combustion develops with no peak and we get &
18t pressure curve from the beginning. In this csse t, will incresse longer
than in the ordimary case.

we will consider theoreticelly the degree of inerease of t,.

Consijer S = S, = constent, and sfter tthe peak the pressure 1is alwsys
constent, I, . Here A te 1g the time incresse. If the pressure curve is flat
from its beginning snd its vslue 1is slways B, then the difference of flow

“out quanti.. in time t,1s shown in the following equaticn:

t ' t tp tp A
| paoL Pdt - | Paoé R dt = agl {J pdt - g Podt } vavevessessresarasnsrse{ST)
0 0
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Figure 23(Blg4
INCREASE IN t, FOR CASE OF CONBUSTION WITH NO PEAK

4 ==

Here vie assume S = constant.
Where P is a function of t we have:

t

. ‘
Sowdt ~ J 808 Pdb } { 1+ 7k, P} = KPlC, = V) svernrernernnsnnoesl(E4)

(%,

but t’= 0, P=P_ ., t=tp , P =P, and we must put in these conditions.

Bguetion (59) saows the product of 2,, and the shaded srea of the peak
part. (See Figure 23{B)4.) Therefore we have for At,:

Py
8-0(; {_‘{ Pdt"‘Potp}/aoLPo = At. PevsseesrsrevesererensseerenernnsessvenseselGC)

If we sssume, no pesk occurs, the time increase will become At. 8s shown
in the above equation and es shown in the shaded ares of Figure 23€B)hn

But this value of At, 1s not strictly accurate, being only epproximate.

It is useful to estimete its sccurste value, be¢suse in these caslculstions
we asssumed that & 1is constant or the value of ¥ and 7/7, are constsnts inde-
pendsetitly of P. ;

10-4 Theoreticel Consideration About the Causes of Pesk

Considering the cesuses whereby e peak occurs in the pressure curve, I
will enumerate below theoretically possible explanstjions.

(1) Excess quantlty of black powder used as an initietor; i.e. eéxcess of
rressure due te initiestor.

{(2) Incresse of the 1nitisl surfsce area of propellant with unevenness
cf its initisel surface.

{(3) The vaslue of combustion velocity at the initisl surface of DIro-

rellant might be very large becaus:z the glueyness of the propellsrt nesr
the initlal surface might be softer then the inner part.

9l




x-30(N) RESTRICTED

ENCLOSURE (B)4, continued

(L) Sudden rise of combustion velocity at the instant of ignition becsuse
of ignition mechsnism of propellsnt.

(5) Pressure rise at the instant of gas generstion due to the plug
effect of air which occurs at the open mouth of nozzle.

" Ttems (1), (2), and (3) are not worth zonsidering except in some special
cases, but (4) and (5) sre of general interast,

Hereafter I will discuss escn of the above items.
(1) Exoess of black powder.

Ir th= quantity of bleck powder ¢, 1is large in comperison with the cherge
of propellant @, the pressure P due to the black powder should reesch & rsther
high vslue. Ir'the totel surface aream of tae black powder 1s taken as 5, end
its combustion velocity as W then P, depends on S, x Wg and (C, - VI,

For exsmple, we are able to find far larger velues of P than P, in cases
of rocket bullets for rocket guns of small 3ize in which the charge of pro-
pellant is comparatively small, In this case P 1s shown as P, . For rockets
of large size in which % is negligibly smell in comparison with e, Py scarcely
affects P, , but we must meke mention of the fact that a part of P, must be
added to the initisl pressure due to the propellant itself, if combustion of
the propellant begins before all of the black powder gas has flowed out.

(2) =3Zxcess of surface ares because of unevenness.

* If thare is such fine unevenness on the surface of the propellant, the
surface arzg should be very lsrge in comperison with its appsrent ares,

. I
In that case ' aglp’ = %g%w (where S, 1is true ares).
Vle can get a higher P' than Fu end, if S5 >»8, it may be Paas,

In thls consideration 1t is essumed that the burning surface will becare
smooth and the unevenness of initial surface will disappear, hut practicslly
the unevenness of the surfece 1s very smsll and it is of no importance. Though
there is 8 little unevenness, it is not worth considering that the surfasce will
Eecome smooth after 1ts ignitlon, and therefore this item cen be, in genersl,

gnored,

(3) *“ess glueyness of propellant's surface.

When sny very thick tubite is formed by a press and die, its glueyness
ray become softer nesr its surface and herder in its inner part because, de-
rending on the shape of dle,” pressure in the die will be lower in parts near
the surface than near its center., It is considered that combustion velocity
will be grester for softer glueyness,

But 1 we consider that this effect msy occur practizcslly, then the
rressure curve must gradually drop and there will be, in genersl, no peek
pressure.

Also in the case of intermittent combustion it is shown practicslly that
in later curves there occur also peak pressures; therefore, in the inner part
¢f the propellant,too,the peek occurs in form similsr with the one of the
initial surfasce. It 1s not worth considering thaet this action is a 1nain csase
cf peak pressure.
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(4) Sudden rise of combustion velocity due to ignition mechenisin of
propellant.

7% 1s very interesting in considexlng this that the pesk pressure cen
occur also in vacuum.

The ignition temperature of a gas mixture is the temperature from which
reaction will develop naturally in that mixture, out it is not a physical
constant end it will be different deperding on methods of heating snd other
condit;ions. This ignlition point does riot always correspond to the temperature
at which flsme will occur in the gses mixture (so calied constant "preflame
period®) during which resction is elreedy developing. Therefor:, for jro-
pellants as for solid explosives it may &lso be considered thast the surface of
the propellant does notv ignite directly with the initiastor gas in s monent and
develop to steady combustion. During the short preflame period & smell smount
of gag wlil be genersted and the propellsnt will begin its decomposing reaction

prior to 1ts lgnition. . With this decomposing resction the temperesture rises
suddeuly end exglosion therefore occurs later in the gas near the sufuce of
the propellant with temperacture rising more suddenly and successively as the
propellant begins its combustion. But it would not ve correct to consiaer
. that the pesk pressure may be the pressure rise due %o this explosion wave,
This pressure rise is defined only by the composition of the propelleni: and
it is very difficult to believe that the pressure in the eantire combustion
chamber rises to this value, because this phenomenon occurs in a very thin
layer around the surface of the propellant. This explosion pressure should be
very high and it 1is not considered llkely that the pressure drops fram P,
1n 8 continuous curve,

Wlth the following congiderations aboutP _ we may be ebie to explain
1ts couse.

Tn the combustion and explosion of a gas the chemiesl reaciion developing
st the flsme plane and et the exploslior wave plane 13 accelersted by the tem-
peratiire rise, by absorption lons of rsdistion of each molecule or by activ=
ation of molecules due to collision with electrons or lons. The tempereture
rise 13 accelersted by collision and adisbstic compression snd absorption of

infre-red rays and flame will be develcped by heat transmission, or in other
words, by the collision of molecules,

Therefore, as a first phenomenon, the gas surrounding the surface of
propel.lant explodes with a certaln reaction velocity and resction temperasture
definaed by the composition of gsseous product generated in the preflame
period., But this layer may be considered very thin. By this e:plosion s
compression weve occurs in that part, sand at this instant there occurs &
pregsiure rise at the surface of propellent. Therefore, at the beginning of
combustion, the propellant begins its combustion in a very high pressuwre as

the second phenomenon, We mey consider that the combustion velocity will be
W' = a'+ bP' et this instent, where P' is the pressure in the layer very near
to the surface of propellant at the instant of ignition (not of the entire
chamber) and will disappesr st once. Next if, the propellant begins its
combusstion with combustion velocity W', then, as a third phenomenon, the
gaseous products £ill up the chamber suddenly ind the pressure in the chamber
rises 0 Puax. Since the pressure reached is ¥sax, it begins to drop contin-
uously in sccordance with the relation between the flow out quantity snd the
generuted quantity of gesseous products.

This considerstion surely seems to be s ceuse of Pazax &nd according to
‘this theory Pa..x will depend on the first combustion velocity W' = a + tP', on
S,/ 1Cy = V) and onalp . It mey be considered thet P,,, will depend on a,
b? and’P' depending %n the propellant as well as on the ratio hetwesn the

r
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surface ares end the initial volume of the combustion chember snd the relation
9f nozzle grea a, to flow out quantity.

This explains why P..x/Ps approaches unity if the ususl pressure becomes
“igher, because if P, approsches to P' then W =a+bP, approsches W¢ since F*
Jepends mainly upon the composition of ges and mey be independent of the
pregsure intended to be used. From this thsory, peak must occur 2ven in a
" ‘racuum endP, /P, approaches unity es P, increases.

: P' may be calculated by the explosion theory from the following fundamen-
+al equaticns if thercompcsibion of the ges: 1s defined:

D

—
wo= v-ydE ;‘51

¢, (T" =Tl-g = 4P +p v -v')

i

y'B'/v' = ap- oy vy

velocity of compression wavs

initial pressure

explosion presgssure

specific volume in initinl state

specific volume 1in explosaion state

velocity of gas flow due to compression wave
heat of reaction

cp/Cv st temperature '

initilel tempersture (sbsolute scale)
explosion temperazture (adsolute scale)

where

D
P
P
v
v
W
Q
Ve
T
T

(5) DIressure rise due to plug-effecq cf sir st open mouth of nozzle

(n) Neglecting the initietor gas and consiadering thst the plug of

» air in the nozzle wlll give a closing-effect at the instsni of sudden
generetion of geseous products at the instant o ignition, we may
c¢ongider that the slope of the pressure curve at the beginning of the
pressure rise is nearly similar to it in the case of & closed ex-
plosion chamber. -

z , 2
P* = ff wdz / {c, - % (1 - 2z) -~ n{ wdz }
0

From this equation we can calculate the slope 3P/3t

Hut we must remsrk that op/3t derived from this celculstion will te
useful. cnly for estimating the true value of slope.

(b) When gas 1s suddenly genersted at the instant of ignition in the
combusticn chember and it rushes with velocity w, ageinst cuiescert
@¢ir at the end of nozzle, there occurs a compression weve in the eir
because w, 1s much larger then the velocity of soupd. By this com-
pression wave, pressure rise occurs in the eir at the end of the
nozzle end thered~ ° =~ may occur in the cnamber.
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Figure 24 (B4
EFFECTS OF BACK PRESSURE AT NOZZLE .

Accoréing to this theory P ... or paak pressure cannot occur in a vscuum,
becsuse. compression waves cannot occur In & vscuum, Therefore, there is no
rise in 8. pressure curve of combustion in a vacuum,

“Now- we assume thet a rocket is buraing with 8 steady jet at constant com=-
. bugtion pressure P, which is in relation 2, {P;= & s'@® and sssume this rocket
to be. in a vecuum (back pressure is zero). -

"In this cese if air, whose pressure is 1 kg/cm?, suddenly surrounded this

rocket, a compression wave should occur et the end of the nozzle snd 8 pressure
rise would exist.

This pressure rise will be given ty RlUdenberg's equstion:

2

AP = lﬁ~;“}>—;(D2 -" wS } Prssvossseseran..acsesesrvec(Gl)

where;g or P, absolute value of pressure rise

P, ebsolute value of back pressure

p, density of sir in pressure P,
ratio of specific hesil; of air in back pressure
velocity of compression wave
sound velocity in back pressure
gas velocity et the end of nozzle due to combustion_pressure,
{pressure of gas at the end of nozzle is 1 kg/cm
Velocity or air flow in pressure P , which is ceused by com=
pression wave.
f @ rigid piston instead of gas dashed agsinat the air,w would bz equsl
to the velocity of the piston ¥W,, but here, ges dashes at pressure P, and when

gas doshes, it is considered thet e pressure rise occurs in the gas also spd .
the velocitv of the ges will decresse. Therefore, w, will be greater then .
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Veloaity of the compression wave D, should Jbe grester thsn w and, if we
consider 1t more theoreticslly, we msy estabhlish the relation between D &nd
Wye For tas present we will aessume thet D= F(w) end then

{y=-L 11y

Y P, f T,

w2=¢»J2g7_1{1~(ff) Y105 "

W, ig a fnnction off , 7 /7, , P, snd ¥y, snd if we essume [ 7;/7, ~ 0.55,
end P, 1s constant, then W, becomes & function of f snd P,.
From P,agl = 88w

we have , P, ® Swa,l « Swa,

1/0y-1)
- 2 ] :
where L= d{5571} g 5Tk, and ok, = TP

T T

If P, increases then w, becomes larger. Therefore, D becomes 'larger and
the value bf A P becomes larger. Namely, the absolute vslue of P,,, will
inerease with P, as S and W become larger snd it will decrease when a, becores
greater. :

48 above mentioned we can cslculate the pressure rise of sir at the end
of 8 no%zle fram equation (61} in the case of the sudden asppearance of
- 1. kg/em® back pressure sround & stesdy jet in vecuum,

It Py > Py, pressure in the ohamber risen to P, 8%t the imatent in which P,
occurs at the nozzle end, becsuse gas in the chember will be compressed from
the nozzle end by the compressed alr whose pressure isP, . Theoretizally, the
ges flow stops instantaneously. Just at the moment when the progress of the
compression wave of sir at nozzle e€nd begina to flow the pressure might drop.
Therefore, the gas begins suddenly to flow out and ascquirss flow velocity
egainst the inner pressure P,. The inner pressure will drop gredually from

27 .
P_end we have (P,— Py)/P, = T ; UF(wy1}® - W I/P,

{
|

Pe > Py tiieeracossesatanvnoanscesnasnnssrrsssrtsrsasaresrsesens(62)

For s consvant value of w, , F(w,) should be constant.

In the relation between P, and W,,as olbviousiy shown by Figure 5{B}L in
Chepter 4, w,chenges only s little with cherige of F, for compsrstively high
velues of 2, when s certaln velue if 7, is constent. It 1is, of course, s
different problem with s large increaese of 7. Here we consider that chenge .~
of 7,1is negligibly :Iumall.

Therefore, if w2 changes only slightly with chenge of P, , 1t is considered
thet the ineresse of “p, should be very smell with increass of P,. From this
considerstlon it is believed that the higher P. becomes tae closer 2. /P,
epproaches unity. IfP, changes, namely, 1f back pressure changes, F  should
change proportionally with change of P, .

Now we will consider the mechanism of pressure rise at the instant of
igrition usling the sbove considerstions ss & basis,

Using cnly thls theory, neglecting other csuses and putting s = constent,

the pressure curve should be flst from its heginning with pressure P, (as
Pia,l = (SW) » if combustion begen and developed 'in 8 vacuun.

$6
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Considering s cese where back pressure 1s atmospheric pressure, the
. quantity of gsseous products generated per unit time is very lerge at the
instant of sudden ignition snd it cen be sssumed thet pressure in the chamber
may - suddenly rise to P . If dp/dt is very large, ges velocity st the end of
the nozzle should reach ¥, from zero and a compressicn wave occur in the air.
Therefore,; there will occur a pressure :rlse P, in thet part snd pressure in
the chamber will reach P; at once, i.e. it 1s possible to consider thet pri-
mary pressure in the chember reaches P, end, secondly, it rises to®s prior
to the beginning of the jet, after which gas begins to flow or jst.

Depending on the value of dP/dt, the rising curve of gas velocity will
vary sod neturslly the degree of its sudden rise with shock will be different.
P, should be affected by this degree, so that 1t should be difficult for e
compression wave to occur with a small velue of dP/dt snd p shculd be low.

Tt is considered that dP/dt should depend either upon the pPRoperty of pro-
pellant, W, or the ratio between gensrated gss quentity per seccnd ssw and the
volume. of the chamber (C, - V) i.e. > SW/(C, - V). Namely, dP/dt depends upen OT

is propertional to SW/(C, - V,)

On the basis of these considerations, p,,, mey be written ss follcws:
putting m,8s 8 coefficlent of the effec: due to SW/(C, - V,) end P, ss pressure
* Aggired for steady combustion:

max

P = Kn1P5 with M, < 1

If any preflow occurs with the flow of initlator gss, it 1s considered
that ¥, should be relstively small and P, should be lower., Therefore, putting
n, 89 8 coefficient of this sffect, we have

Pm?x = K'n,nzPs where Mo < 1

The combustion temperature 7, shouild be Teax tor pressure Pesx B80C
T .. ¥ 7: 3 therefore we must consider this effect too. It is considered that

T,ax27, 80 putting m; as tne caefficlent of this effect, we Lave

P = MaNMaPy where Ms £ 1

max

From all these relatlons we have

Phax *1M: NPy 'TIPS

The value of 7 will be obtained experimentally.

By thess considerations we can calculste the velue of Paax ag a function
of S, W, 2,8, 7,f,C, V, etc., theoreticelly and with the help of experi-
mental dats.

Howevér, we must further develop our research on tnig thecry witk respsoctg
to the following items: ‘

(a) Theoretical development is reaquired for the form of the functicn
D=F (w,).




X-39(N) o RESTRICTED

ENCI_.OSUHE {(B)4, ccntinued

{b) We must confirm with experimentsl research that P, will be propore
tionak to P,., The suthor once mede experiments on this question with Jet
coémbustion. in higher eltitudes (1000, 5000, 6000, 7500m) erd measured the
pressure in the chamber and determined the pressure curve, but he did not
get exsct dete. These experiments will be &escribed leter. =

(¢) W2 considered that F,,, depends on P,, but P, alsoc veries with w,;
we should be sble to get ‘Bn exact solution for this theory by resesrching
on the value of P.., by adjusting the length of the Leval tube (or ‘nozzle)
or having only convergent parts of nozzle, etc. The author regrets,
however, that he did not have time to perform such experlments. - -

(d) Ws assumed thst at the instant of ignitlon, pressure rises primae
rily to P, , secondarily to F, and then gas begins 1its flow, but this as~
sumptlion requires further discussion.

CHAPTER 11
THRUST PEAK

Thrust T is given by equation (37):

N 10Y-1) J 1 B ty-1177
T = 29%8{ 557 } Pad o711~ @) }

) This reslation is nesrly linear witn regsurd to P, as shown in Figure
9(Blk.

Therefore, the thrust curve should be gsimilar in form with the pressurs
eurve, The thrust pesk occurs simultsneously with the pressure pesk and
naturally dT7dt is slmost equal to dP/dt.

Thrust may be adjusteble to e certain degree by means of adjustment of
tlie divergency of the nozzle, If we take P_ as the besis for fixing the ratio
of divergency of nozzle, then T, , becomes smaller than the case in which we
* took a pressure higher then P, ss a besis, ‘herefore, 1f we take P... as the
busig, nozzle efficiency becomes 100% for pesk pressure Ppax Witk regasrd only
to the ratio of divergency. snd T.., hes its value as 100%. 1In this case,
‘however, after the pesk, the loss becomes larger and then thrusy decreases, SO
that the ratic between T , ~and meen thrust decomes lasrger. If we take P, ss
i,s basis then some losses occur in the valus of T ; therefore, T, de-
creasses,

It is possible to cslculate the loss of pressure due to incomplete ex-
pansion in the nozzle, or due to a smaller ratlo of divergency of nozzle than
colculeted for the corresponding back pressure.= Therefore, it is possible to
caleulate the value of T, , but it is difffzult te,.calculate loss of pressure
diue to excessive expansion resulting from en.excessive divergency retio. But
1 18 known from experiments that the loss cfpressire is much smeller in
incomplete expension then in excessive expansfon, 1f pressures with regsrd to
shorta-e and excess of expansion are equsl to eech other. Therefore, we ghouid
tuke P, . or s little less thenf, , 88 the base pressure for retio of divergency
in order tc decrease the pesk of thrust and to reduce losses in general. Of
course, hen we cannot cencel the pesk of the thrust without csencellstion of

tae peak in pressure.
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’ CHAPT'ER 12
EXPERIMENTAL RESEARCH ON PEAK-REDUCING METHOD

12-1 Consideration on Peask-Reducing Method

The peak of thrust 1is due to- the pesk pressure, snd if we csn cencel or
reduce the pesk pressure, then we will have mede a very importsnt ccnuvribution
_to the applicstion of rockets. The suthor has been able to csncel the pesk in
;gome experiments. He stanrted to solve this problem. I will describe some
‘peak-reducing methods, ' '

(1) To prevent incontinuous sudden rise of w, becsuse of the compression
- viave 8t the Instent of ignitlon, csused e preflow of air through ‘the
. nozzle prior to lgnition of the initiator,; which graduaslly increanses
T _valocity. : ‘
- " This method requires some mechanical devices, and is effective agninst
‘cause (5) {see paragraph 10-4), but this is difficulf; for powder rockets.

{2) Method of back-pressure-drop at the nozzle end.

For a rocket which 1s flying yith.a plene, we might be able to reduce its
,peek pressure-by means of a venturi-tube fitted at the end of nozzle, Ln order
to decrease back pressure at that point. The effect of this method will be
doubtful becsuse we have no experimental data, This may be effective only for
cause (5). . :

‘(3) Gradual increase of‘ignition erea in order to reduce the value of dP/dt.

This method involves wrepping the surface of the propellant: conically with
something which has slow combustion velocity, or to coast the propellsnii's .
surface with some slow burning materisl in seversl layers, dividing its area
into séversl psrts and coating them with different thicknesses. :

It is remerkeble that 1t wes never effective to cost the whole sres uni-
formly; we must heve some bare surface to ignite instantaneously.,

This method may be effective for csuses (2-5).

(4) Division of combustion chamber into several sections snd prevention
of simultaneous ignition in these sections. ‘

This is very difficult.

12-2  Experiments and Results with Regerd to Peak-keaucing Method

My experiments in peak-reduction were mede by means of method {3) sbove
because it is the most practiceble and most ressonsble of the several methods.
In practice I divided the surface area of the propellent into siéversl sections
and latended to ignite the surface step by step, making the costing of differ-
ent tialckness with ascetyl-cellulose dope and peper. First I intended to mske
the pesk value equel to the steady combustion pressure P, snd to meintsin this
P, through combustion. In order to meke the peak valueP, , I plenned to
reduce the area orf primary ignition surface and then to coat the excess area
of surfece with acetyl-cellulose dope &nd paper. Ignition of this coated aree
will be delayed somewhat.

We must investigate how much sres we must make bare surfece, in order to
meke the pesk yalue P_ = P,. ‘

99
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We will attempt 2 rough calculstion 1n order to obtain this areia. In the
theory of csuse (5), putting roughly D = F(w,) =w,, in order to estimste this
area, we have: ’

20,
1+

P, = P+ ‘

2 2
s (wy, — W

s ) -nnuoncv-.nllo_lcv-n-n-nc-u-n-cq-:v-a----nl-vnc-l(63)3

i

W I Py, P, = back pressure. » , P, are in absolute value

Putting Y,., @s the peak value when the entire surface areas S i3 bars,
sand if we have P, /P, = 2.5, we may calculete the area by which P, is reduced
to 1/25 of its value.

Therefore

1
55 (Wg" = W)

17 we assumns = 1800 m/s

340 m/s 1

15 kg/am? J

Ve nave W, = 1044 m/s

Fsw, = aglp ir p-1 : = 1,28,
V% "x obFy /3 we have g = 3 - "5 S = 0.478

If Yy = 1044, we hsve from Figure 13(Bl4k P,= 4 to 5 kg/cm® (for "Toku
PDT¢"). Since W/V S W =a [P, if P~ 1/3 , WO have s - 1/3 . 2.8/ § = 0.473
because from the P °snd W refation we have.w, = 2/2.8.

Therefore, we may take about one-hslf of the ares as bare surface, in
order to reduce the peak velue to 1/2.5, nenely, to make P =13P, or P,, .~
P, Having as a besis the theory above menuioned, I heve tried seversl ex-
periments. As palnt I used acetyl-cellulose dope as previously mentioned,

applied 1t heavily snd used paper {blue print peper) for costing.

T will describe the most successful experiment, in which I used six pro=
pellents {length 500mm) of "No. 500 Toku FDT'g™. Loading density was about 0.7
and nozzle dlemeter was 7imm.

No. 1 All surface bare

No. @ All surfece bare

No. 3 % of area bsre, % or area pasinted with dope snd costed with paper,
of ares painted and costed with double thickness of paper.

No. L, 1/3 of area bare, 1/3 of ares psirted snd coated with single layer
of psper, 1/3 of area painted snd coated with doubled layers of
paper. '

\ of ares bare, % of area painted- and coasted with doubled layers,
i of area-psinted and coated with four layers.

100.
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'No. 6 % of srea bare, : of ares painted, % of areas painted and costed
with doubled layers.

.. I was sble to plot a curve in which the pesk part was completely cancelled
es in FTigure 25(B)4. Though the number of experiments wes too small to con-
firm this result, we were sble to confirm by this exemple that by mesns of
such a method it is possible to casncel the. pesk.

After this experiment, in s research on a "rocket catapult", I was able
to lower the peak vslue with acetyl-cellulose dope pesinted on one-hslf the
area of the propellents. Its use decreased Po.x /P, from 2.5 to l.k.

t

Figure 25 (3)4"
EXPERINENT ON CANCELLATION OF PEAX BY' INCREASE OF IGNITION AREA

' CHAPTER 13’
OUTLINE OF OTHER IMPORTANT FXPERIMENT

- 13-1,,Influehée on Combustion of Prqpellant's:Temperature and Atmospneric

Temparature

OthhiS'ﬁroblém we conducted some oxperiments at Chitose Alr Base in
HOKXAIDO in Februsry 1945 in order to solve the question of intermittent
combustion., 1In these experiments we investigated the pressure drop due teo

‘temperature drop or decrease of combustlon velocity snd the occasion of inter-

)

mittent combustion. We could only investigste rockets ™4, FH 120" and "i FR
110", but not systematicelly. : . .

. 13-2 Influence on Pressurs curve of Change of Altitude or of Back-Pressure

On this question>I mede experliments at altitudes of 1000, 3000, 5000,
6000, and nesr 7000m,. The conclusion of the results of these experiments is

s follows:

(L) No difference is recognized in the veiue of steady combustion pres-
sure {in gauge) with change of back pressure.

{2) I had a few examples in which P .. decreassd at high altitude, odut
I could nat confirm that P, , is proportional to p, For this question
I could not get an exact conclusion, because the nunber of sxperimsnts
was insufficient and date measured in flying planes were not accurate

enough.

10i
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{3) 'The duration time of jet i3 not dlfferent in high sltitudes.’ But it
was recognized definitely that the velocity increase and its duration
time becomes very large in alrplanes a® high altitude.

13-3 Influence of Humidity on Combustion Curve

For ™Poku FDT4" we found no influence of humidity on pressure curves
becsuse its composition percentage of water is about 2.4 vo 3%; therefore, it
i8 already ssturated with water. We found no difference in pressure curve
aven in an experiment in which we used propellants which were steeped in water
{'or ebout 24 hours,

CHAPTER 14
CONCLUSION

I havs described my researches, and I om very glsd to think that these
research might be useful for the further development of rockets. DPowder
rockets as suxiliasry power for airplanes, especislly s & substitute for
catapults of plene carrierz and as s rocket-ocatapult, etc. are very intersesting
problems and they will develop further in the future. In additlion, it would
be véry interesting to research on problems of (1) divergency asngle of nozzles
of powder rockets, {2) loss of pressure due to unfitness of divergency ratio,
and {3) stripes due to compression wave in jJet of gas etc.

| 1/

102




RESTRICTED

ENCLOSURE (C) 1t

[ESTS OF LIGNUM-VITAE 3EARINGS AND SUBSTITUTSZES

Tests of lignum vitae bearing materials were conducted to
find soms suitable materials as substitutes for lignum vi-
tae and %o clear up the reason for the abnormal wear in lig-
num vitae used in strut bearings of naval ships.

1. Test of Substitutes for Lignum Vitae

In view of the difficulties of importing lignum vitae, tests were planned %o
tind some home growh materials as substitutes for lignum vitae,

‘The test was performed by holding specimens on a rotating bronze disc undsr
some definite pressure. The wear and friction between the specimens and the
disc were measured,

We found that bakelite or phenol-resin was the best and showed excellent possi-
bilities as underwater bearing material, and "Kaba" and "Mizumesakurs," which
penstrated ceresin oll, showed results as good as lignum vitae,

Bakelite has not been employed in practice, because of lack of composing mate-
Pials, although "Kaba" and "Mizumesakura" are used for naval ard merchant
ships. '

2, Tests on Wear of Lignum Vitae in 3trut Bearings

Since the outbreak of the War of Greatsr East Asia, many naval ships which
sailed the Southern Sea suffered from wear of the lignum vitae in their strut
bearings., The wear was so abnormally large and it proceeded sc much moTe Isp-
idly then the Navy had ever met before, that a test was plannec. to clear up
the reason for it and to teke mersures to meet the situation.

The test was conducted with a model strut bearing (100mm 3iameter snd A0Cmm
length) with shafting submerged under weter.

The test was performed by, changing bearing load, bearing speed, quaatity and
temperature of lubricating water, etec. Effects of the above, effect of mis-
alignement of shaft center and effect of quality of lignum vitee upcnh wear
viere investigated,

With‘resﬁect to the reason for abnormel wear, no conclusion was reached, ex-
cept that an insufficient supply of ludricating water caused ccmparatively
large wear,

At piesent, from information from No. Four Navy Repair Yard on Truk Island,
it is assumed that the abnormal wear was caused by attadhed microbes of some
shell existing in the Southern Sea,

To prevent the attachment of microbes described above, research regarding so-
lutions to be applied to bearing material was planned at Yokosuka Naval En-
gineering Experiment Station. but was abandoned with the conclusicn of the

. var,
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ENCLOSURE (C) ¢

SUBSTITUTE MATZRIAL FCR NICKEL ALLOY 3T=ZEL

1. (teneral Remarks

This memoir is based mainly on the repcrt "Investigation on Substitute Maseri-
als Far Nickel Alloy Steels Applying tc Diesel Engines” whieh was published
by Yokosuka Naval Arsenal No, 10 in 1942. This study was undertaken with the
objeel; of investigating non-Ni steels for vital parts of many types of dissel
engines which were used in Navy at that tims, 1In those days many kinds of Ni
free steels had been used in constructlng airplanes, airplane eagines wand other
machines; but due to the relative massiveness and coasequent difficulty of
making diesel engine parts, substitute materials had not been earnestly inves-
tigated nor utilized., With the progress of war, nickle became gradually more
searce in Japan and it was necessary tc reduce its comsumption, so this in-
vestigation was rapldly executed. Fundamental and practical tests viers par-
formed almost satisfactorily. Sowe of them, however, showed- by no meaas good
resultis, and their practical applicaticons were hardly realized because ths=
types of diesel engines needed varied cne after anotaer. Apart from tais ine-
vestigation, substitute materials for ¥i and also Mo and W containing alloys
had Been widely adopted in aireraft construction from the beginaing of 1943.
Owing to the actual results of the work on aircraft, substitute materials could
be applied to the production of small type diesel engines from about 1344 te
the end of the war.

2; Counterpart of the Investigatlon

The counterpart of this investigation consisted of investigating substitute
materials for Ni steels used in vital parts of diesel engines, conducting fun-
damenf;al and practical use tests, and gaining useful data for design and pro-
duction of diesel engines.

3. Rasults of Investigation

Suitdble substitutes for 80 kg/mm2 Ni-Cr steel are Mn-Cr steel and 80 <g/mm?
Cr steel, but NANIWA steel is neot suiteble because of the diffizulty iz heat
treatment of gaining the required mechenical properties.

2
AS a sBubstitute for 90 kg/mm~ Ni-Cr steel, 90 kg/mm2 Cr-Mo steel is alwxost
suitable,

As a substitute for 80 kg/mm2 Ni-Cr case-hardened stael, Cr-Mo nitridei steel
is alinost suitabls; Cr-Mo case-hardened steel also gas good properties except
that it lacks snock resisting ability. The 50 kg/mm~ non-Ni case-hardezed steel
is avallable in place of Ni-Crcase-hardened stees for parts where high strengsth
is no%t needed, because its wear resisting property has proved as good as Ni-Cr
case~hardeued steel.

Tests of practical use were also mede on these substitute steels. Altaouch the
- tests were conducted imperfectly, almost all of them showed good results. Cr-
Ko case-hardened steel for the plunger of fuel injection pump snd cem and repl-
ler has a tendency toward burning or seizure, and Cr-Mo nitrided steel was
found unsultable for the cam and roller,

ke Materials used in the Investigation

The following seven kinds of non-Ni steels were selected and used in this in-
vestigation:
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Steel No. Type of Steel Substitute forr

1 80 kg/mm? 80 kg/mm? Ni-Cr steel

Mn-Cr 80 kg/mm2 Ni-Cr steel

Naniwa 80 Kg/mm2 Ni-Cr steel

90 kg/mm? Cr-Mo 90 kg/mm® Ni-Cr steel

Cr-Mo case-aardened 80 Kg/mm2 case-hard-
ened steel

Cr-Mo nitriding 80 kg/mm? case~-hard-
ened steal

50 kg/mm? case-hard- 80 kg/mm2 case-hard- Kitf
er.ed ened steel

*D=Daido Seiko Co. (Daido Steel Making Co.) NAGOYA.
**N-Nippon Tokushuko Co. (Nippon Special Steel Co.) Omori, TOKYO.
f#!A-aragasaki Seiko Co. (Amagasakl Steel Making Co.) Amagasaki, HYOGO.
(NANIWA is trade name for this steel.)
‘##K-Kﬁre Naval Arsenal. 7

These steels were selected from various kinds of non-Ni steel teking the follow--
ing three points into consideration: first, tensile strength similar to ori-
ginal steels; second, existence of practical data from airplane and motor car
preduction, etc.; third, composition containing elements which are hcme pro-
ducts and easy to use in making steel. Components of these steels apd their
mﬂohan%o?l properties compare with the original steels as shown in Table I{C)2
and II(C)2.

5 Experinental Procedure

The sxperiments were generally divided into three parts; viz. fundamental test
(tiests conducted with test pieces), test of Full size engine parts, and test
of’ practical use (running test).

a. Fandamental tests included the folliowing:

Heat treatment test.

Chemical analysis.

Tatigue test of alternate bending load.
Hotch sensibility test.

Microscopic test.

Wear test.

Mechanical properties test,
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Table IT(C)2 -
REQUIRED MECHANICAL PROPERTIES CF STEELS

Type of Steel Y.P, 7,8, Elon, | R,A,
(kg/mei?) [(kg/mn?) | (2) | (%)

80 kg/mm? Cr >65 >80

M'n-;cr

NANTHA

8) ke/um® Ni<Cr (Original) Mo >45 1 >7.5

90 ug/m? CreMo 390 50 [Charpy 9.0

90 kg/mn” Hi-Cr (Original) | 590 5 |40 | D6.0

Cr-Ho case-hardened- >llio > 10 [>35 Charpy 6.0

Cr-Mo Fitrided 1 >so >100 7 [>40 [Charpy 7.0

50 kg/ma® case-hardened S50 >20 >50 7.5

80 lg/m® case-hardensd 55 an 17 ()45
(6riginal) % ? 2

b. fests of full size parts included the following:

) Investigation of forgeability.

} Investigation of difficulty of heat %treatment.

) Investigation of machinability.

) Investigation of mechanical properties and mass effect of full
.81ze engine parts. )

c. Test of practical use (running test) included:

{1) Test with Nbs 22 type diesel engine (medium size, single-ascting,
L-cyecle). : i
t2)} Test with ?o. 2 type diesel engine (large, double-acting, 2-
: cycle), ‘
»3) Test with so-called "YV' type diesel enginsz {small, single-
acting, 2-cycle, high-speed).
In thesé tests, fundamental and full size parts tests were completed, but
the tests of practical use were not entirely finished.
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6. Results of Each Experiment i

Results of this whole investigation are described in Paragraph 3. Here ws
will take up the result of the individual tests.

Bo

Fdhdamental test (test conducted with test pieces) was as follows:

(1) Heat treatment test: This test is to obtain a suitable heat
treatment - temperature for each steel by observing austenite trans-
formation points and measuring tensile strength,

Steel No. 1 (80 kg/mm°Cx): Suitable hea}§ treatment temperature;
quenching at 8709C, tempering at 600-650"C,

"Steel Mo. 2 (Mn-Cr): Suitable heat treatment temperature;
quenching at 870°C, tempering at 630-6500C, )

Steel No. 3 (NANIWA): Suitable heat treatment temperatura could =
not be reached because this steel is very sensitive to heat and
stable mechanical properties could not be obtainsd. This steel
was, therefore, omitted from other tests.

Steel No. 4 (90 kg/mmzx Cr-Mo): Suitable heat treatment tempera-
ture; quenching at 850°C, tempering at about 600°C, It shows
rather small values of tensile strength.

Steel No. 5 (Cr-Mo case-hardened): This steel has a very low
value in impact load test, and after repeated experiment;s, an
almost suitable heat treatment temperature could be obtained -
£irst quenching at 850°C, second quenching at 800°C, tempering
at 150 ror 15 hours. Case-hardening is rather €8Sy as com-
pared with original Ni-Cr case-hardened steel. After ocarburi-
zatlen and heat treatment, the hardness of the case comes up to
about 84 Shore B

Steel No. 6 (Cr-Mo, Nitrided): Suitable heat treatment tempera-
ture - guenching at 85097, tempering at 650°C. Suitable nitrid-
ing temperature was 520-530°9C for 50-60 hours with disscecisation

degree of ammonla gas, 30-32%. With this condition, the meximum
hardness reaches 800 Vicxers.

Steel No. 7 (50 kg/mm2, case-hardened): Test of this stesl
was omitted because its roperties are well known and there is
no dirfficulty in heat treatment. :

(2) Chemical analysis: Results of chemicel analysis of each steel
are shown in Table III(C)2, ,

(3) Fatigue test_by alternats bending load: Steels No. 1, 2, 4, and
Original 80 kg/mm2 Ni-Cr steel were tested with the sc-called OXC
Fatigue Testing Machine for alternate bending by rotation. The re-~
sults follow:

Steel Fatigue Limit

- No., 1, 80 kg/mm® Cr 40 kg/mm?
No. 2, Mn-Cr 5 42 kg/mm2
No. 4, 90 kg/mm“ Gr-Mo L6 kg/mm?
Original 80 kg/mm~ Ni-C:» , 43 ke/mm?

109
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Table III(C)2
-~ (Tast Results)

OSITIONS OF STEELS TESTED

Steel No.

Type of Steel

Gomposition (%)

1

80 kg/mm? Cr

51 Mn

P S

Cr

0.39{0.54[0.018 { 0.03

1.59

Mn-Cr

0.371} 0.88{0.023{ 0.023

0.31

NANIWA

1.38|0.023 ! 0.026

W=0,07

90 kg/mm® Cr-Mo

0,56{0.019 | 0.033

’

Cr-iio, case-
niardened

Otmm OQOHW O-ONm

Cr-Mo, nitrided

0.74{0,017 | 0.036

50 wm\slm. case-
A hardened

0.54{0.021 | 0.017

panuriuca ‘g(n) TUNSOTONT

a3aLd1d1s3y




RESTRICTED X-39(N)

i ENCLOSURS: (C)2, continued

(L) Notch sensitivity test: Steels No. 2, 4, and Criginai 80C kg/mm2
Ni-Cr were tested., This test was carried out by measuring fatigue
limits of tension and comprassion with Haigh's Testing Machine.

NOTCH SENSITIVITY

Specimen

Unnoteched | Notched | Notch
(kg/mm?2) |{kg/mm2); Sensitivity

Steel No. 2, Mn-Cr 46 23
Steel No. 4, 90 kg/mmz Cr-to 52 2%
Original 80 kg/mm< Ni-Cr 52 22

(5) Microscopic test: Every steel was examined under a microscope
to ascertain grain size and slag inclusions, Almost all steels were
satisfactory but Steel No. 4 had too much slag.

(6) Wear test: Steels No., 1, 2, 5, 6, 7, Original Ni-Cr steel and
Original Ni-Cr case-hardeneil steel were tested by a wear testing ma-
chine specially made. No substitute steel was inferior to the ori-
ginal steel. Stesl No. 7 (50 kg/mm? case-hardened) showed especially
good wear resisting properties, and so it would be an adsquate sub~
stitute steel for parts in which too much strength is not needed.

(7) Mechanical property test: Every steel was tested under the con-
dition of adequate heat treatment. The results are shown in Table
Iv(c)a.

Test of full size engine parts:

(1) Investlgatlon of forgeability: (Steel No. 3 was omitted from
the tests). =

Forgeability of no substitute steel was inferior to the originel
MNi~Cr steels. ~

(2) Investigation of difficulty of heat treatment: Heat tTreatment
of every steel was satisfacvory.

(3)  Investigation of machinability: Machinability of Steels XNe. 2,
L, 6, and 7 was equal to that of original steels. To secuze a
smooth finish on Steel No. 1 (80 kg/mm2 Cr) a fine turning method
utilizing a spring tool was recommended. In grinding Steel No. 5
{Cr-Mo, case-hardened), we must be careful of fractures in grinding
cracks,

{4) Investigation of mechanical properties and mass effect of full
Bize engine parts: Shock resisting property of Steel No,:-1 was Ta-
ther small and its mass effect was tolerably remarkable.

Mass effect of Steel No. 2 was better than that of Steel No. 1, hut
inferior to Original 80 kg/1im< Ni-Cr steel,

Mass effect of Steel No. 4 was better than that of Steel No, 1, but
inferior to Stsel No. 2.




X-39(N - RESTRICTED

ENCLOSURE (C)2, continued

Ir. the case of testing full sizs parts; Steel No., 5 showed Soo low a
velue in the shock resisting test, but if we revise its standerd re-
quired, it will be possible to put it to practical use.

¢. Test of practical use (running test).

~ The results of this test are already described in Paragraph 3, as results
of practical experiments. A number of tests were plaaned, but oaly few of
them were finished.

7. References

This investigation was carried out on the basis of practically used data in
airplane and automobile comstruction, &nd J.L.S. (Japanese Engineering Stan-
dard), S.A.%. and D.I.N, daba. ‘

’ Table IV(C)2
MECHANICAI, PROPERTIES OF STEELS STUDIED
(Test Results)

Y.P. T.S, Flong.|R.A.{ Iz0d
Steel No. | Type of Steel (kg/mm? ) (kg/mmR)| (%) 1(%) |(kg-m)|BEN
1 80 kg/mm® Cr . 67.6 85.6 | 24.0 |67.8 20.8 |257

2 Mn-Cxr 72.0 89,0 22,0 [66.9 9.3 1250

3 NANIWA 78.9 | 87.0 | 20.0 [56.4 5.7 |not
measured

L | 90 kg/mm? Gr-Mo 77.0 91.4 23.0 | 67.3.10.9 {293

5 Cr-Mo, case- 71.3 93.0 20.0 | 51.5 2.7 | 304
khardened

§ Cr-Mo, nitrided 76.6 87.4 25,5 {72.5 12.6 1 267 .

7 50 kg/mm? case- ‘| 38.2 58,2 33,0 | 75.0 15.9 { 189
hardened ‘






