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INTRODUCTION 

During the second quarter of 1947, technical progress attained by Project Squid a 

New York University has begun to give a real idea of the future possibilities of re- 

search in the directions of attack chosen by this group.   Combustion studies are con- 

tinuing, with several interesting and original observations and ideas having been 

developed.   Instrumentation problems are becoming ironed out for most of the types 

of observational instruments thus far studied or designed.   Theoretical work for the 

most part necessarily waits on the outcome of the fundamental experimental studies, 

but where the data have become available, as in the moving flame studies, satisfac- 

tory results have been achieved.   The field tests, which originally were planned for 

securing much of the fundamental physical data, have finally started and show great 

promise of fulfilling the expectations. 

The Squid staff has now become more unified by moving most of its members to 

the University Heights laboratories.   This will help in making the interchange of 

ideas and results easier and more rapid.   Because much of the future work will be 

done in field tests, the test equipment and facilities of many kinds are being mounted 

in mobile units which have recently been acquired.   This equipment includes an elec- 

tronic instrumentation trailer, a power and air supply truck, a shop truck, a blower 

trailer, a general field trailer, and a trailer mount for the JB-2 pulse jet. 

^•.y.:<->\ .:•.:••.•■. ■;■■••- 
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PHASE NO.   1 

In connection with pulsating jet engines:   to undertake theoretical and experimental 
investigations of (1) flame motions with controlled initial turbulence, (2) stationary 
flames with controlled turbulence, (3) suitable theoretical models based on the above 
observations, and (4) statistical mechanics of non-uniform gases. 

SUMMARY 

Work on flame velocity and combustion has continued mainly with an accumulation 
of experimental data and the theoretical application of this data. The Merlin engine 
blower for stationary flame studies is nearing completion. 

EXPERIMENTAL 

Moving Flames in Tubes. Experiments are being undertaken in order to provide 
data for a theory of combustion and flame propagation in media with eddy turbulent 
motions. 

In the first series of experiments, a waffle-like grid containing twenty-one open- 
ings one centimeter square was placed four inches from the top of a vertical pyrex 
tube which was four feet long.   The top end was closed, and contained a spark igniter. 
The tube was filled with a stoichiometric propane-air mixture.  Motion of the flame 
down the tube to the bottom end was photographed with a high speed camera (1000 
frames per second). 

Figure 1 is an average curve of velocity of flame propagation versus distance 
from igniter.   This average curve duplicates, quite satisfactorily, a curve given for 
a single experiment in the Semi-Annual Report of January 1, 1947 (Figure 3, curve 
la of that report).   For individual runs, the timing device is not yet as accurate as 
could be desired, and this is being rectified. 

Photographs were also taken of flame propagation in an eight-foot tube of four-inch 
diameter.  The same grid was placed as before at four inches from the igniter. 
Figure 2 shows a representative curve giving a plot of distance of flame front from 
igniter versus time.  A distinguishing characteristic of the curves obtained in this 
tube is their wavy nature, the cause of which is being studied. 

POSITION (FT.) 

Figure 1. 

Four-foot Tube with Grid 
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Figure 2, 

Eight-foot Tube with Grid. 



S i m i l a r e x p e r i m e n t s w e r e m a d e of f l a m e p r o p a g a t i o n in t he e i g h t - f o o t t ube wi th 
no g r i d . An e x a m p l e of t he r e s u l t s o b t a i n e d f r o m t h e s e e x p e r i m e n t s i s g r a p h e d in 
F i g u r e 3 w h e r e a g a i n t i m e i s p l o t t e d v e r s u s d i s t a n c e of f l a m e f r o n t f r o m i g n i t e r . 

F i g u r e 3 

E i g h t - f o o t T u b e wi thou t G r i d 

V e l o c i t i e s in t h e s e c a s e s a v e r a g e 40 f e e t / s e c o n d , w h i c h w a s t he a v e r a g e v e l o c i t y in 
t h e f o u r - f o o t t ube w i t h o u t g r i d . 

A s c h l i e r e n s y s t e m h a s b e e n s e t up u s i n g a s p h e r i c a l m i r r o r ( 1 6 - 3 / 4 " c h o r d , r a d -
i u s of c u r v a t u r e 90") to s t u d y the g a s f l o w a t the ou t l e t of t he f o u r - f o o t f l a m e t u b e . 
T h e l igh t s o u r c e i s a W e s t e r n Union 100 Wat t z i r c o n i u m l a m p . F i g u r e 4 r e p r o d u c e s 
s i x f r a m e s of s c h l i e r e n m o v i e s t a k e n a t the b o t t o m of a t u b e c o n t a i n i n g no g r i d . 
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F i g u r e 4 . S c h l i e r e n p h o t o g r a p h s of g a s f l o w f r o m the end of a m o v i n g - f l a m e 
t u b e b e f o r e ( F r a m e s 1 - 4 ) and a f t e r ( F r a m e s 5,6) t he b u r n i n g g a s 
r e a c h e s t h e e n d . 



T h e f i r s t f i v e p i c t u r e s shown w e r e m a d e a t i n t e r v a l s of about t e n m i l l i s e c o n d s . 
T h e s i x t h f r a m e w a s m a d e f o u r m i l l i s e c o n d s a f t e r the f i f t h . The f i r s t f o u r f r a m e s 
show the p r o p a n e - a i r m i x t u r e f lowing f r o m the tube a s b u r n i n g i s t ak ing p l a c e in the 
u p p e r p a r t of the t u b e . The l a s t two f r a m e s a r e p r e s u m a b l y p i c t u r e s of the b u r n i n g 
g a s e s . F i g u r e 5a s h o w s p r o p a n e - a i r m i x t u r e i s s u i n g f r o m the m o u t h of the t ube 
a f t e r ign i t ion and b e f o r e the f l a m e f r o n t r e a c h e s the end of the t u b e . 

F i g u r e 5a . P r o p a n e - A i r M i x t u r e i s s u i n g f r o m m o u t h of f o u r - f o o t f l a m e tube 
a f t e r i gn i t i on and in f r o n t of f l a m e . 

T h i s t ube w a s wi thout a g r i d . F i g u r e 5b s h o w s the s a m e t y p e of p e r f o r m a n c e e x c e p t 
t h a t t h e No. 2 g r i d h a s b e e n p l a c e d 6" f r o m the top of the f o u r - f o o t t u b e . 
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1 2 

F i g u r e 5b. P r o p a n e - A i r M i x t u r e i s s u i n g f r o m m o u t h of f o u r - f o o t f l a m e tube 
in f r o n t of f l a m e . 
#2 G r i d s i x i n c h e s f r o m top of f o u r - f o o t t u b e . 

S t u d i e s a r e p r o c e e d i n g wi th a v i e w to a p p l i c a t i o n to the inf low p r o b l e m at the t a i l 
p ipe of the j e t . 

F i g u r e 6 r e p r o d u c e s t h r e e f r a m e s of n o n - b u r n i n g g a s f lowing f r o m the t ube in an 
e x p e r i m e n t in wh ich a g r i d w a s p l a c e d a t the b o t t o m end of t he t u b e . 

I 
1 

F i g u r e 6. N o n - b u r n i n g g a s f low f r o m the m o v i n g f l a m e tube in which a g r i d 
h a s b e e n p l a c e d n e a r the o p e n i n g . 
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This grid contained three in-line holes one-half inch square. Gas issuing from the 
three holes can be seen in the pictures. Approximately eight milliseconds elapsed 
between the frames. 

Preliminary attempts have been made to study the effect of sound waves on flame 
in the tube.  An audio signal tuned to the 5th harmonic resonant frequency of the 
eight-foot tube, was fed into the bottom of the tube, and a 5-watt drive was used. 
There did not appear to be much effect on the flame, possibly due to the low power 
used.   A transducer has been designed and is being built in order that a more power- 
ful signal can be used. 

Shock Ignition.   Work on the shock tube has been mainly concerned with design 
problems because of the necessity of performing the experiments at high tempera- 
tures.   Much time was devoted to testing of various gasket materials to check oper- 
ating characteristics at 900° C. and 600 psi.  A method of bursting the sheet metal 
diaphragms with a probe in order to generate a shock wave, was found to be unsuc- 
cessful, and a new method has been devised which utilizes the discharge of seven 
3000-volt, 14 MFD condensers connected in parallel across a spark gap in the com- 
pression chamber.   Tests show that sufficient shocks have been developed through 
the condenser discharge to break diaphragms which ordinarily require 35 psi hy- 
drostatic bursting pressure.   Thus the new method is to build up the pressures in 
the compression chamber to within a few psi of bursting pressure and then to dis- 
charge the condensers, creating a small additive pressure sufficient to break the 
diaphragm. 

Stationary Flames; Meker Burner. A remodelled Meker Burner with controlled 
gas and air flow has been used for this work. It is designed so that temperature, 
turbulent diffusion angle, and mean flow velocity measurements may be made. A 
temperature map was made of the flame, using the sodium line reversal method, 
i.e. temperatures were measured along two directions, one up through the center 
and the other horizontally across the flame. 

In refinements of our previously reported experiments, the diffusion angle will be 
measured by photography of the spread of sodium vapor from a probe inserted in 
the flame, and the gas velocity will be measured either by injection of fine metal 
particles and the use of a high speed motion picture camera or streak photography 
of the sodium boundary as the probe is withdrawn. 

Stationary Flames;   Merlin Engine Blower.   In order to study under quasi-steady 
conditions the effect of large scale eddy turbulence on the velocity of a flame, it is 
planned to try to "hold" a flame stationary in a tube through which a combustible 
turbulent mixture is flowing.   Since effects of turbulence are presumed to vary with 
the size of tube used, a flame tube of approximately four-inch diameter was chosen 
as being the minimum size that could safely be used.   To provide the desired max- 
imum air velocities in the flame tube, it was necessary to have an air compressor 
with a maximum capacity of approximately 18,000 pounds of air per hour (5 lbs/ 
second). 



F o r t h e p u r p o s e of ob t a in ing t h i s a i r , a M e r l i n E n g i n e wi th a 2 - s t a g e s u p e r c h a r g e r 
h a s b e e n m o d i f i e d t o o p e r a t e a s a n a t u r a l l y a s p i r a t e d e n g i n e , whi le t he s u p e r c h a r g -
e r s a r e u s e d a s a i r c o m p r e s s o r s . F i g u r e 7 s h o w s how t h e eng ine i s m o u n t e d on a 
t r a i l e r and how t h e c o n t r o l s and the c a b i n e t f o r t h e e l e c t r i c a l s y s t e m a r e be ing i n -
s t a l l e d . 

F i g u r e 7. T h e M e r l i n E n g i n e B l o w e r m o u n t e d on the t r a i l e r . 

In a d d i t i o n to t he e q u i p m e n t shown , a f l y w h e e l , c o n s t r u c t e d f r o m a C u r t i s - E l e c t r i c 
p r o p e l l e r hub , wi l l be m o u n t e d on t h e e n g i n e ; an oi l t a n k , a c o o l a n t t a n k , a n oi l c o o l -
e r , a c o m p r e s s e d a i r c o o l e r , and m u f f l e r s w i l l be m o u n t e d on top of the t r a i l e r . T h e 
f u e l t a n k wi l l b e i n s t a l l e d i n s i d e . 

T H E O R E T I C A L 
C o m b u s t i o n in F l a m e T u b e s . W o r k i s in p r o g r e s s on i n c o r p o r a t i n g d a t a ob ta ined 

in t h e m o v i n g f l a m e e x p e r i m e n t s in a t h e o r y u s i n g the s a m e t y p e of o n e - d i m e n s i o n -
a l i z e d f o r m u l a t i o n i n d i c a t e d in the AMG R e p o r t 152 r e f e r r e d to in t he S e m i - A n n u a l 
R e p o r t . F i r s t o r d e r p e r t u r b a t i o n c a l c u l a t i o n s h a v e b e e n c o m p l e t e d f o r s low and f o r 
f a s t f l a m e s r e s p e c t i v e l y , c o r r e s p o n d i n g a p p r o x i m a t e l y to t h o s e in t he f l a m e tube 
wi th and wi thou t t h e g r i d . The r e s u l t i n g t h e o r e t i c a l c u r v e s a g r e e we l l , in g e n e r a l , 
wi th t h e o b s e r v a t i o n s . The f i r s t o r d e r p e r t u r b a t i o n i s b e i n g c h e c k e d a g a i n s t a d e -
t a i l e d n u m e r i c a l so lu t ion of t he n o n - l i n e a r a e r o - t h e r m o d y n a m i c a l e q u a t i o n s , u s ing 
t h e m e t h o d of m u l t i p l e c h a r a c t e r i s t i c s . In t h e s e t h e o r e t i c a l t r e a t m e n t s t he f l a m e 
s p e e d r e l a t i v e to t h e m e d i u m , and the e f f e c t i v e r a t e of r e l e a s e of h e a t in t he c o m -
b u s t i b l e m i x t u r e , a r e t r e a t e d a s c o n s t a n t . 
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Flow at End of Jet Tubes.   Ol oarticular interest from the viewpoint of theory is 
the projected experimental study of the flow pattern at the end of real and simulated 
pulse jet tubes, using schlieren and illuminated particle techniques. 

Non-Uniform Gases.  At present the work on the mathematical theory of non-uni- 
form gases is being extended to the case of reaction intermediates in equilibrium 
with a non-uniform chemically inert gas.   This study involves as a first approxima- 
tion the solution of the Maxwell-Boltzman equation up to the first order derivatives 
in velocity and temperature for arbitrary foice laws between colliding molecules. 
This part of the problem has, in principle, been solved by Enskog and Chapman.   It 
is planned to clarify and systematize their work and make numerical calculations 
in the coming months. 

FUTURE PLANS 

Further data is to be obtained in the moving flame experiments using a tube of 
rectangular cross section and schlieren technique.  Studies of the unsteady flow pat- 
tern at the ends of jet tubes will be intensified.   The effect of sound waves on com- 
bustion in the moving flame tube is to be investigated. 

PHASE NO. 2 

In connection with liquid rockets and pulsating jet engines:   To study (1) measure- 
ment of temperature dependence of conductivity and heat capacity of steels and oth- 
er materials, (2) adiabatic calorimetry and metallography, (3) characteristics of 
heat transfer between hot flowing gases and walls, using measurements of gas ve- 
locity and temperature by radiation and thermocouple devices, (4) calculation of 
temperature changes in jet and rocket walls. 

SUMMARY 

Because of a change in personnel, this work has proceeded slowly.   The apparatus 
is being remodeled. 

EXPERIMENTAL 

Earlier experiments on the specific heat of steel specimens under high rates of 
change of temperature have shown that radiation losses would have to be much re- 
duced to obtain quantitative data.   Accordingly, a glass vacuum chamber is now 
placed around a specimen, and the inner walls of this chamber are silvered.   It is 
planned to record temperature versus time, as heretofore, by amplifying the out- 
put of a thermocouple welded to the center of the specimen.   Voltage and current 
will also be recorded. 

FUTURE PLANS 

The specific heat studies are to go on as before with the study of a small specimen 
in an evacuated chamber rather than in a nitrogenous atmosphere. 



P H A S E NO. 3 

In c o n n e c t i o n wi th l iqu id r o c k e t s and p u l s a t i n g j e t e n g i n e s : (1) t o o b s e r v e f l a m e 
and p a r t i c l e m o t i o n , p r e s s u r e s , t e m p e r a t u r e s , d e n s i t i e s , a n d e f f e c t s of t u r b u l e n c e 
in p u l s a t i n g and r o c k e t j e t d e v i c e s ; (2) t o s t u d y w a t e r s t r e a m a n a l o g u e s f o r g a s 
m o t i o n in p u l s a t i n g j e t s and r o c k e t s in o r d e r to d e t e r m i n e c h a r a c t e r i s t i c s of s i m -
p le t h e o r e t i c a l m o d e l s , and (3) t o u s e t h e a b o v e f o r t h e o r e t i c a l t r e a t m e n t s of t he 
i n t e r n a l b a l l i s t i c s of j e t d e v i c e s on t h e b a s i s of j u s t i f i e d s i m p l e m o d e l s . 

SUMMARY 

F i e l d t e s t s of f u l l - s c a l e p u l s e j e t e n g i n e s h a v e b e e n m a d e , a n d s t r e a k p h o t o g r a p h s 
t a k e n of t he f l a m e m o t i o n s wi th in t he t u b e . 

E X P E R I M E N T A L 

B o u n d a r y C o n d i t i o n s . A s t u d y of the o p e r a t i o n of t h e v a l v e s in a p u l s e j e t i s b'eing 
m a d e . T h i s i n c l u d e s s t u d i e s of t h e e f f e c t of t he r a t i o of t h e o p e n a r e a of t he v a l v e s 
to t h e f r o n t a l a r e a of t he p u l s e j e t , and of t h e t y p e s of end b o u n d a r y c o n d i t i o n s 
w h i c h shou ld b e u s e d a t t h e v a l v e s f o r t h e o r e t i c a l p u r p o s e s . 

F u l l - S c a l e P u l s e J e t . The s e t u p of t h e P J - 3 1 eng ine a t L a k e D e n m a r k , New J e r s e y , 
f o r e x p e r i m e n t a l s t u d y and o p e r a t i o n , u s i n g the J B - 2 P i l o t l e s s A i r c r a f t a s a t e s t 
s t a n d , w a s c o m p l e t e d and i s shown in F i g u r e 8 . 

F i g u r e 8 . T h e P J - 3 1 P u l s e J e t E n g i n e m o u n t e d 
on the J B - 2 P i l o t l e s s A i r c r a f t at 
R e a c t i o n M o t o r s , New J e r s e y . 



F i g u r e 9 

T h e P J - 3 I e n g i n e in o p e r a t i o n . No te t h e m i r r o r a h e a d of the eng ine wh ich 
r e f l e c t s l ight t r a n s m i t t e d t h r o u g h the r e e d v a l v e s , when open , f ro r r . t h e 
i n t e r i o r . 

10 



Figure 9-a 
(Holes Uncovered) 

Note the return flow followed 
quickly by the closing of the 
valves.   A slit has been placed 
between the exhaust and the 
camera to delineate the flame 
motion out of the tailpipe. 

Figure 9-b 
(Holes covered with pyrex glass 
windows).   Note that the burning 
areas are much more distinct 
here.  Apparently part of the 
flame in each cycle is exhausted 
just prior to the appearance of 
the flame at the end of the tail- 
pipe in the next cycle, due to the 
return flow. 

The engine was started on June 11.  After running the engine several times in the 
standard condition, l/4 inch holes were drilled in a double row at three-inch in- 
tervals down the combustion chamber and tail pipe, as shown at the top of Figures 
9-a and 9-b.   It was thus possible to photograph the flame motions through these 
holes with a streak camera. 

Figure 9-a shows these motions with the holes in the pulse jet uncovered, whereas 
9-b shows the flame motions under steady normal operating conditions with the 
holes covered with pyrex glass windows.  Also shown in these figures are overall 
conditions of the valves, that is, either open or closed.   This was done by placing 
a mirror at the front of the engine to reflect any light, transmitted from the flames 
inside through the valves, into the camera.   Timing marks are also shown in fig- 
ure 9-b, from which the pulse frequency of about 40 per second may be inferred. 
A full analysis of these data has not yet been attempted. 

Further preparations for extending these tests are being made.  A camera is be- 
ing mounted above the fuselage forward of the engine to photograph the valve action. 
A smoke generator is being prepared to study the flow at both ends of the engine 
during the run, using a sheet of light to illuminate the smoke. 

FUTURE PLANS 

It is planned to refine some of the techniques used in the field tests, and obtain 
more streak photographs of the flame motions, high-speed photographs of the valve 
action, and smoke photographs of the flow near the exhaust and intake ends of the 
pulse jet.  Small jet studies are also to continue. 

11 



P H A S E NO. 4 

In c o n n e c t i o n wi th l iqu id r o c k e t s and p u l s a t i n g j e t e n g i n e s : t o d e v e l o p i n s t r u -
m e n t s f o r r e c o r d i n g t r a n s i e n t t h r u s t and p r e s s u r e s , t e m p e r a t u r e s and d e n s i t i e s of 
h o t o s c i l l a t i n g g a s e s , and g a s v e l o c i t i e s . 

SUMMARY 

T e m p e r a t u r e m e a s u r i n g d e v i c e s and p r e s s u r e g a u g e s h a v e b e e n d e v e l o p e d a n d a r e 
in t h e f i n a l s t a g e s of c a l i b r a t i o n p r e p a r a t o r y to us ing t h e m in f i e l d t e s t s . 

T E M P E R A T U R E MEASURING D E V I C E S 
A s m a l l q u a r t z w indow w a s i n s e r t e d in t h e c o m b u s t i o n c h a m b e r of a D y n a - J e t e n -

g i n e . A p h o t o - e l e c t r i c p i c k u p wi th a s o d i u m D - l i n e f i l t e r in f r o n t of t h e c e l l i s now 
u s e d t o r e c o r d t he f l a m e s in t h e c h a m b e r . T h i s s s t u p i s shown in F i g u r e 10. 

F i g u r e 10. The P h o t o - m u l t i p l i e r P i c k - u p ( c e n t e r , f o r e g r o u n d ) 
in p o s i t i o n f o r o b s e r v i n g the f l a m e s in t he D y n a j e t 
E n g i n e ( c e n t e r , b a c k g r o u n d ) 

12 



C o n s i d e r a b l e r e s p o n s e w a s ob t a ined f r o m t h e o s c i l l a t i n g g a s e s w i thou t t h e u s e of 
a d d i t i v e s . When d r y s o d i u m s a l t w a s s p r a y e d i n to t he va lve in l e t of t he D y n a - J e t , 
t h e r e s p o n s e i n c r e a s e d c o n s i d e r a b l y * 

Outpu t f r o m t h e c e l l i s f e d t h r o u g h an i n v e r t e r c i r c u i t to a 5 - i n c h c a t h o d e r a y t u b e . 
T h e p r i n c i p a l d i f f i c u l t y i s t h a t t h e f r e q u e n c y of t he i n v e r t e r i s too low. C h a n g e s 
a r e b e i n g m a d e in t h i s c i r c u i t . 

A c a l i b r a t i o n s y s t e m f o r t h i s p h o t o - e l e c t r i c p i c k u p i s b e i n g d e v e l o p e d , u s i n g a s o -
d i u m l a m p s t a n d a r d i z e d a t one po in t in t h e t e m p e r a t u r e s c a l e , by a r i b b o n l a m p and 
p y r o m e t e r . The g e n e r a l t e m p e r a t u r e r e s p o n s e , p r e s u m e d to f o l l o w P l a n c k ' s l aw , 
w i l l a l s o b e c h e c k e d . 

A l s o u n d e r c o n s i d e r a t i o n i s a p o s s i b l e t w o - c o l o r s y s t e m wi thou t t h e u s e of a d d i -
t i v e s . E x p e r i m e n t s wi l l be c o n d u c t e d wi th t h e g l a s s - w a l l e d j e t s t o s t udy the f l a m e 
a b s o r p t i o n and p o s s i b l e d e v i a t i o n s f r o m P l a n c k i a n r a d i a t i o n . 

D r a w i n g s h a v e b e e n c o m p l e t e d a n d a c o n t r a c t l e t f o r t he n e w w e d g e - t y p e q u a r t z 
t h e r m o c o u p l e s p e c i a l l y d e s i g n e d to r e c o r d t e m p e r a t u r e in r o c k e t w a l l s . 

P R E S S U R E P I C K U P S 

C o n d e n s e r G a u g e . S u c c e s s f u l r u n s w e r e m a d e u s i n g the c o n d e n s e r gauge and f r e -
q u e n c y - m o d u l a t i o n s y s t e m t o m e a s u r e t h e p r e s s u r e in a D y n a - J e t c o m b u s t i o n c h a m -
b e r . T h e gauge w a s m o u n t e d in a n i m p r o v e d w a t e r - c o o l e d j a c k e t , and t e m p e r a t u r e 
d r i f t w a s n o t i c e a b l y r e d u c e d . P a r t of t h e o s c i l l o g r a m of p r e s s u r e i s shown in F i g -
u r e 11. 

D Y N A J E T P R E S S U R E C Y C L E 

f\ ' i 
- 7 \ / 

" ' . . \ , 
vv 

T i m e . M a r k s 1 2 0 / s e c . 

F i g u r e 11. P r e s s u r e T i m e C u r v e . 
D y n a j e t 200 c y c l e s / s e c o n d . 
P e a k t o p e a k p r e s s u r e 10.5 p o u n d s . 
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T h e r e p e t i t i o n f r e q u e n c y w a s a p p r o x i m a t e l y 200 c y c l e s p e r s e c o n d and p e a k t o p e a k 
p r e s s u r e w a s a p p r o x i m a t e l y 10.5 p o u n d s . 

T h e gauge w a s c a l i b r a t e d b y m o u n t i n g i t in a p r e s s u r i z e d c h a m b e r and r e l e a s i n g 
15^ pounds p r e s s u r e s u d d e n l y b y b u r s t i n g a d i a p h r a g m . A s a m p l e c a l i b r a t i o n i s 
shown in F i g u r e 12. 

F i g u r e 12. C a l i b r a t i o n C u r v e F . M . G a u g e . 
P r e s s u r e change = 15^ p s i . 
T i m e s c a l e .120 m a r k s / s e c o n d . 

A s t u d y of t h e m a g n i t u d e of t h e p e r t u r b i n g e f f e c t of t h e coo l ing j a c k e t on t he r e s p o n s e 
of t h e gauge i s p l a n n e d , u s i n g a p u l s e d a i r j e t . The e f f e c t i v e n e s s of t he coo l ing wi l l 
b e s tud i ed b y u s e of t h e r m o c o u p l e s . 

M a g n e t o - s t r i c t i o n G a u g e . S e v e r a l r u n s of a D y n a - J e t e n g i n e wi th the m a g n e t o -
s t r i c t i o n g a u g e m o u n t e d on t h e c o m b u s t i o n c h a m b e r h a v e b e e n m a d e . A t t e m p t s a r e 
be ing m a d e t o e l i m i n a t e a h i g h h a r m o n i c c o m p o n e n t w h i c h i s p r e s e n t . T h e s e h i g h 
h a r m o n i c s h a v e a l s o a p p e a r e d w h e n a t t e m p t i n g t o c a l i b r a t e t h i s gauge by the b u r s t -
ing d i a p h r a g m m e t h o d . 

A n e w d i a p h r a g m of r u b b e r and c o t t o n i s b e i n g c o n s t r u c t e d f o r t h e p e r i o d i c a l l y -
v a r y i n g - p r e s s u r e c a l i b r a t o r . 

F L U I D V E L O C I T Y M E A S U R E M E N T 
T e s t s a r e b e i n g c a r r i e d out on a t h e r m i s t o r t y p e a n e m o m e t e r . A g a s o l i n e f l o w 

m e t e r of t h i s k ind h a s b e e n d e s i g n e d , and s p e c i a l t h e r m i s t o r s , f l a k e s a n d w i c h t y p e , 
a r e t inde r c o n s t r u c t i o n b y t h e W e s t e r n E l e c t r i c C o m p a n y . V a r i o u s t y p e s of c i r -
c u i t s f o r u s e wi th t h e f l o w g a u g e a r e b e i n g i n v e s t i g a t e d . 

F U T U R E P L A N S 
T h e t e m p e r a t u r e a n d p r e s s u r e i n s t r u m e n t a t i o n wi l l b e u s e d on f i e l d t e s t s wi th t h e 

f u l l - s c a l e p u l s e j e t e n g i n e , a s w i l l t h e f l o w m e t e r s w h e n f u l l y d e v e l o p e d . It i s a l s o 
p l a n n e d to d e v e l o p i n s t r u m e n t a t i o n f o r m a k i n g a i r v e l o c i t y m e a s u r e m e n t s in a n d 
a r o u n d j e t d e v i c e s . 14 



PHASE NO. 5 

In connection with liquid rockets and pulsating jet engines:   to study drag character- 
istics qf pulsating jet and other devices under conditions of non-steady or of super- 
sonic flow, using firing range photography, wind tunnel measurements, and theoret- 
ical investigation. 

SUMMARY 

An analytical treatment of unsteady flow for compressible fluids is in progress, 
based on successive approximations alternating between flow around infinite cylin- 
ders and infinite planes. 

THEORETICAL 

The bulk of the work in this period consisted in the analysis of the non-steady, 
compressible flow outside the jet tube, the flow assumed being generated by 
intake and exhaust fluid velocities of given form and time dependence, such as 
a + b sin (cut +0£).   Preliminary experimental data with no ram air indicate fluid 
velocities around the tube of the order of 0.5M, except in a limited region near the 
exhaust end where velocities perhaps reach 0.8 or 0.9M. 

In the absence of intimate knowledge of the mechanism of pulsed jets, the assump- 
tion of a potential flow (except for viscosity) was originally adopted.   For a first 
approximation, the wave equations were linearized by dropping the products and 
squares of the ratios -g'f' etc.; also viscosity and heat effects were disregarded. 
Several approaches were investigated for developing a workable method for the for- 
mulation of adequate wave functions, subject to the given boundary conditions.   In 
the main, basic functions of the source-sink type, or Bessel-Fourier and Bessel- 
Spherical functions were employed and combined toward this end.   In either case, 
use was made of the method of meeting boundary conditions at a series of discrete 
points; this is a parallel to the Collocation method and appears to be promising in 
cases, such as the present one, where simple analytical expressions may not be set 
up for the boundary conditions.  Methods of successive approximations were also 
investigated.   In particular, one was based on the distribution of velocities on planes 
and fictitious half-infinite cylinders, considered consecutively. 

In the light of some preliminary photographic data obtained recently, the validity 
of the original assumption of a potential flow was re-examined and found question- 
able.   There is evidence of definite vorticity at the exhaust end, in so far, at least, 
as the initial stages of gas ejection are concerned.   The existence of discontinuity 
surfaces, regions of dead fluid, instability, etc., is also considered as likely. 
Whether such phenomena will also exist in a pulsating flow, and if so, under what 
form, is as yet unknown.   The basic mechanism of jets is now under study, as is ex- 
perimental work aimed at disclosing such information as may be necessary for a 
clear understanding of the pulsating flow phenomenon, preliminary to its analytical 
formulation. 

FUTURE PLANS 

It is planned to continue the study of the mechanism of unsteady flow from and in- 
to jet tubes. 
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INTRODUCTION 

Research wor ; on Project Squid at the Polytechnic Institute of Brooklyn has pro- 
gressed during ,he past quarter to the point where it is expected to undertake ex- 
perimental work on Phases 1, 3, and 4 in the near future.   Test facilities, particu- 
larly for the testing of pulse jets under Phase 1, are still being investigated.   It was 
expected that by this time pulse jet testing facilities of the Navy near Williamsport, 
Pennsylvania, would be available.   Final decision by the Bureau of Aeronautics for 
use of these facilities has not as yet been reached. 

Some members of the staff visited various research facilities and attended sym- 
posia as described below. 

Dr. Yuan and Dr. Harrington attended the Sweat Cooling Conference held at Wright 
Field.  In view of the progress of Dr. Yuan's work on Phase 3, he was invited at the 
meeting, along with Professor Henry, to visit the facilities at JPL/CIT in Pasadena 
to confer with Drs. Duvez, Tsien, and Summerfield.   It appears that Dr. Yuan will 
be called upon to carry out the bulk of the analytical work in this field.   Mr. Meyer- 
hoff attended the Supersonic Symposium at Langley Field and Professor Henry, en 
route to California, attended the High-Temperature Materials Symposium at the 
NACA Engine Laboratories at Cleveland.   Professor Harrington was a guest of the 
Navy at a recent conference and inspection of the Air Material Center facilities at 
Johnsville, Pennsylvania, and at League Island, Philadelphia. 

An instrumentation program has been started in view of the expansion of experi- 
mental research now contemplated.   Four projects have been inaugurated which 
apply more or less to all four phases.   They can be stated simply as follows: 

(1) The use of x-ray methods for determining the density distribution in super- 
sonic flows. 

(2) The use of x-ray methods for the determination of surface temperatures in 
combustion chambers and elsewhere. 

(3) Hot-wire anemometry for the measurement of temperature and velocity at a 
point in a flow field in the high subsonic and supersonic ranges. 

(4) The use of ultrasonic waves for the determination of temperature and velocity 
of flow in combustion chambers. 

Dr. I. Fankuchen, head of the Division of Applied Physics, is cooperating on items 
(1), (2), and (4) above.   The facilities of his division are available on these projects. 

Some headway can be reported on item (2). 

The macroscopic thermal expansion of solids reflects the more fundamental ex- 
pansion of the crystal lattice.   Back reflection x-ray scattering is very sensitive 
to change of lattice constants and can, therefore, be correlated to temperature.   It 
was estimated that within the temperature range at which materials give reasonably 
sharp diffraction lines (upper limit not known for most materials), temperatures 
can be measured to less than 20   F.   Three developments underway are: 

(1) The determination of the upper temperatures at which the method ceases to be 
useful. 

(2) The development of Geiger counter recording for the measurement of the 
x-ray scattering and consequent temperature measurement over short time inter- 
vals. 

(3) The incorporation of more refractory crystdlline materials in walls to aid in 
the temperature determination. 

Experiments have been conducted using a back reflection flat cassette camera on 
a specimen of stainless steel which is heated from the rear with an oxy-acetylene 
torch.   The chromium radiation used was unfiltered.   The specimen was located at 
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a d i s t a n c e of abou t Z\ c m . f r o m the c a m e r a . The t e m p e r a t u r e c h a n g e at the s u r -
f a c e of the m a t e r i a l w a s i n d i c a t e d by a c h a n g e in t he d i a m e t e r of t he r e s u l t i n g r i n g s 
on t h e x - r a y f i l m . R e s u l t s of t h e p r e l i m i n a r y t e s t s a r e shown in F i g u r e 1. 

SECOND 
RING 

0 100 200 300 4 0 0 500 600 700 800 900 

AT — DEG. F 
F i g u r e 1. 

S ince the d i a m e t e r of t he r i n g s c a n e a s i l y be m e a s u r e d to a t e n t h of a m i l l i m e t e r , 
t e m p e r a t u r e i n d i c a t i o n s of l e s s t h a n 2 0 ° F can be d e t e c t e d . T h e s e n s i t i v i t y a p -
p e a r s to i n c r e a s e s l i g h t l y wi th i n c r e a s e in t e m p e r a t u r e up to t he m a x i m u m t e m -
p e r a t u r e so f a r i n v e s t i g a t e d . It i s e x p e c t e d t h a t t he a c c u r a c y can be f u r t h e r i n -
c r e a s e d by u s i n g o t h e r x - r a y t a r g e t s . 

It a p p e a r s t h a t t he m e t h o d c a n be a p p l i e d f o r m e a s u r i n g s u r f a c e t e m p e r a t u r e s i n -
s i d e c o m b u s t i o n c h a m b e r s by d i r e c t i n g t h e x - r a y b e a m t h r o u g h a m e t a l l i c window 
w h o s e c h a r a c t e r i s t i c s a r e s u c h t h a t t he l e a s t p o s s i b l e a b s o r p t i o n of the x - r a y r a d i -
a t i o n u s e d i s o b t a i n e d . It i s e x p e c t e d to e m p l o y a G e i g e r c o u n t e r to d e t e r m i n e the 
p o s i t i o n of t h e r i n g s , r a t h e r t h a n t h e p h o t o g r a p h i c m e t h o d , so t h a t r e a d i n g s c a n be 
t a k e n in abou t 10 s e c o n d s . 

The p r i n c i p l e s u s e d in a t t a c k i n g t h e f o u r t h i n s t r u m e n t a t i o n p r o j e c t a r e ou t l ined 
b r i e f l y a s f o l l o w s : 

T h e v e l o c i t y and g a s t e m p e r a t u r e of f l o w s in and e x t e r n a l to c o m b u s t i o n c h a m b e r s 
a r e d i f f i c u l t t o d e t e r m i n e . It i s f e l t t h a t a we l l f o c u s e d , a p p r o x i m a t e l y p a r a l l e l b e a m 
of u l t r a s o n i c w a v e s c a n . b e u s e d to d e t e r m i n e t h e s e q u a n t i t i e s . A b e a m of u l t r a s o n i c 
w a v e s a i m e d a c r o s s a j e t f r o m one w a l l t o t h e o t h e r would be d e f l e c t e d f r o m i t s 
o r i g i n a l p a t h a n a m o u n t d e p e n d i n g on f low v e l o c i t y and t e m p e r a t u r e . The d e f l e c t i o n 
c a n b e m e a s u r e d by m e a n s of a s i n g l e m o v e a b l e r e c e i v e r or a s e t of f i x e d r e c e i v e r s 
on t h e s i d e of t he s t r e a m o p p o s i t e the t r a n s m i t t e r . By p r o j e c t i n g s u c h f o c u s e d 
b e a m s in v a r y i n g d i r e c t i o n s , d i f f e r e n t p a t h s f o r t he b e a m would b e p r o d u c e d a s 
f u n c t i o n s of m e a n f low v e l o c i t y . M o r e o v e r , s u c h b e a m s can be p u l s e d a n d , in t h i s 
way , t he t i m e of t r a n s m i s s i o n b e a m p r o p a g a t i o n v e l o c i t y and s t r e a m t e m p e r a t u r e 
c a n be a c c u r a t e l y d e t e r m i n e d . The c o m b i n a t i o n of t h e s e two t y p e s of d a t a wi l l , 
t h e r e f o r e , g ive d e f i n i t e i n f o r m a t i o n abou t bo th g a s v e l o c i t y and t e m p e r a t u r e . With 
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a n a p p r o p r i a t e r e c e i v e r s y s t e m , m e a s u r e m e n t of f l u c t u a t i n g v e l o c i t y and t e m p e r -
a t u r e f i e l d s wi l l p r o b a b l y be p o s s i b l e . 

Work on i n s t r u m e n t a t i o n p r o j e c t s ( l ) and (3) h a v e not p r o g r e s s e d s u f f i c i e n t l y to 
p e r m i t r e p o r t i n g d e t a i l s a t t h i s t i m e . 

P H A S E NO. 1 

T o s t udy p e r f o r m a n c e of r e c i p r o c a t i n g a n d r o t a t i n g v a l v e m e c h a n i s m s a t s u b s o n i c 
and s u p e r s o n i c v e l o c i t i e s ; n a m e l y , (1) t h e a e r o d y n a m i c f o r c e s e x e r t e d in p e r i o d i c 
c o m p r e s s i b l e f l o w on p e r i o d i c a l l y m o v i n g v a l v e s u r f a c e s and (2) the d y n a m i c s of 
t he v a l v e m e c h a n i s m i t s e l f u n d e r t h e a c t i o n of t h e a e r o d y n a m i c f o r c e s o b t a i n e d 
f r o m the f i r s t p a r t . 

SUMMARY 

T h e t h e o r e t i c a l a n a l y s i s of t he i n f low t h r o u g h p e r i o d i c a l l y m o v i n g r e e d v a l v e s h a s 
r e s u l t e d in a g e n e r a l s o l u t i o n f o r t he h i n g e d - t y p e v a l v e s . A s i m i l a r s o l u t i o n f o r t h e 
c l a m p e d - t y p e r e e d v a l v e s i s n e a r l y c o m p l e t e d . 

T h e s i m p l i f i e d g a s - d y n a m i c a l a n a l y s i s of t he p u l s e j e t i s in t h e p r o c e s s of s o l u t i o n 
and wi l l p r o v i d e t h e b a s i s f o r t h e s t u d y of t he a c t u a l a e r o - t h e r m o d y n a m i c e l p r o c e s s . 

An e x p e r i m e n t a l s e t u p f o r a wind t u n n e l i n v e s t i g a t i o n of t h e in f low v a r i a b l e s and of 
t h e r e s u l t i n g t u r b u l e n c e in t he c o m b u s t i o n c h a m b e r i s be ing p r e p a r e d . 

P R O G R E S S 

A n a l y t i c a l W o r k . 

R e e d Valve S t u d i e s ; T h e f o r m u l a t i o n of t h e p r o b l e m , t he r e a s o n s f o r i n v e s t i g a t i n g 
bo th h inged a n d c l a m p e d r e e d v a l v e s , and the m e t h o d of a p p r o a c h f o r t he a n a l y s i s 
w e r e s t a t e d in e a r l i e r r e p o r t s on t h i s p h a s e . T h e b a s i c l i n e s of t he a n a l y s i s c a n be 
s u m m a r i z e d a s f o l l o w s : 

(1) Two m e t h o d s h a v e b e e n d e v e l o p e d f o r t he s t u d y of t h e i n f l o w t h r o u g h p e r i o d -
i c a l l y m o v i n g r e e d v a l v e s . B o t h a r e b a s e d on t h e a s s u m p t i o n of n o n - s t e a d y , c o m -
p r e s s i b l e f l o w s wi th i s e n t r o p i c c h a n g e of s t a t e of t h e g a s . T h e one m e t h o d s t i p u -
l a t e s a t w o - d i m e n s i o n a l and t h e o t h e r a q u a s i o n e - d i m e n s i o n a l f l o w . 

(2) D i f f e r e n t b o u n d a r y c o n d i t i o n s h a v e to be s a t i s f i e d f o r t h e h i n g e d and the c l a m p -
ed r e e d v a l v e s a t t h e s u p p o r t s . 

(3) T h e e l a s t i c and i n e r t i a p r o p e r t i e s of t h e r e e d h a v e to be a d a p t e d to t h e t i m e 
v a r i a b l e s t r e a m l i ne p a t t e r n . 

Us ing t h e q u a s i o n e - d i m e n s i o n a l m e t h o d of a p p r o a c h , t h e a p p r o p r i a t e b o u n d a r y 
c o n d i t i o n s h a v e b e e n s a t i s f i e d f o r t h e i n f l o w t h r o u g h h i n g e d r e e d v a l v e s , t o g e t h e r 
w i t h t he cond i t i on t h a t t h e m a s s d i s t r i b u t i o n of t he r e e d s m u s t e i t h e r be c o n s t a n t o r 
s p a c e v a r i a b l e o n l y . T h e m o s t a p p r o p r i a t e f o r m of t he v e l o c i t y f u n c t i o n w a s found 
to be a p r o d u c t of a t i m e and s p a c e f u n c t i o n fti = X(x) .T( t )3 . P r e s s u r e a s we l l a s 
a r e a f u n c t i o n a r e t h e n e x p r e s s e d in t e r m s of X and T , w h e r e X and T a r e e x p r e s s -
i o n s a d a p t a b l e in f o r m and a r b i t r a r y c o n s t a n t s to t h e c o n d i t i o n s m e n t i o n e d a b o v e . 

A s i m i l a r s o l u t i o n f o r t he c l a m p e d r e e d v a l v e p r o b l e m i s e x p e c t e d to r e s u l t s h o r t -
l y . The n u m e r i c a l e v a l u a t i o n of t he e x a m p l e s f o r v a r i o u s i n i t i a l and end c o n d i t i o n s 
wi l l be s t a r t e d in t he n e a r f u t u r e . 

G a s D y n a m i c a l A n a l y s i s ; T h e s t udy of t he t h e r m a l d y n a m i c s of a p u l s e j e t h a s 
f u r t h e r p r o g r e s s e d . T h e p r o b l e m h a s b e e n s i m p l i f i e d in t he f o l l o w i n g m a n n e r ; 

T h e a n a l y s i s of a q u a s i o n e - d i m e n s i o n a l , c o m p r e s s i b l e g a s f low wi th h e a t input 
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and t u r b u l e n t f r i c t i o n in a d u c t of c o n s t a n t o r v a r i a b l e c r o s s s e c t i o n w a s f o r m u l a t e d . 
T h e v e l o c i t y f u n c t i o n w a s c h o s e n a s a t r i g o n o m e t r i c e x p r e s s i o n , v a r i a b l e in t i m e , 
w i th c o e f f i c i e n t s , v a r i a b l e in s p a c e . A c e r t a i n f r e e d o m w a s k e p t f o r the a d a p t a t i o n 
to t h e c o n d i t i o n s of o p e r a t i o n . T h o u g h t h e t r e a t m e n t i s i d e a l i z e d , i t c o n t a i n s the 
e s s e n t i a l f e a t u r e s , a n d t h e r e s u l t s wi l l s e r v e a s a b a s i s f o r c o m p a r i s o n wi th e x -
p e r i m e n t s and f o r a r e f i n e m e n t of t he t h e o r y . 

E x p e r i m e n t a l W o r k 

T e s t M o d e l of P I B A L No. 1; The d r a w i n g s of t he t e s t m o d e l of t he p u l s e j e t wi th 
r o t a t i n g a i r i n t a k e v a l v e s and a t a i l p ipe h a v e b e e n c o m p l e t e d . M a n u f a c t u r e of the 
m o d e l w i l l s t a r t a s soon a s w o r k s h o p f a c i l i t i e s a r e a v a i l a b l e . T h i s m o d e l wi l l be 
t e s t e d in t h e P i B A L wind t u n n e l . T h e p u r p o s e of t h e s e p r e l i m i n a r y t e s t s wi l l be 
t he d e t e r m i n a t i o n of t h e f low p h e n o m e n a t h r o u g h s u c h v a l v e s and a l s o of t he s c a l e 
of t h e r e s u l t i n g t u r b u l e n c e in t he c o m b u s t i o n c h a m b e r due to s u c h an i n t a k e . 

I n s t r u m e n t a t i o n . A v a i l a b l e i n f o r m a t i o n on the s u i t a b i l i t y of v a r i o u s p r e s s u r e , d e n -
s i t y , a n d t e m p e r a t u r e r e c o r d i n g i n s t r u m e n t s h a s b e e n s t u d i e d . A d e c i s i o n r e g a r d -
ing the m o s t d u i t a b l e t y p e s wi l l be m a d e s h o r t l y . F u r t h e r d e v e l o p m e n t w o r k on 
i n s t r u m e n t a t i o n i s m e n t i o n e d in t he i n t r o d u c t i o n to t h i s r e p o r t . 

P L A N S 

E x p e r i m e n t s to d e t e r m i n e f low v e l o c i t i e s and g a s t e m p e r a t u r e in p u l s e j e t s by 
m e a n s of s u p e r s o n i c p r e s s u r e w a v e s wi l l be s t a r t e d . T h e m e t h o d f o r s u c h m e a s u r e -
m e n t s h a s b e e n s u g g e s t e d by D r . I . F a n k u c h e n , P r o f e s s o r of P h y s i c a l C h e m i s t r y a t 
t h i s I n s t i t u t e . 

T h e a n a l y s e s of t h e in f low t h r o u g h r e e d v a l v e s and t h e g a s d y n a m i c a l m e c h a n i s m 
of p u l s e j e t s wi l l be c o n t i n u e d . 

S u i t a b l e t e s t i n g i n s t r u m e n t s wi l l be p r e p a r e d o r a c q u i r e d f o r t he e x p e r i m e n t a t i o n . 

A t h o r o u g h s u r v e y of t he W i l l i a m s p o r t s i t e w i l l be m a d e to d e t e r m i n e n e c e s s a r y 
a d d i t i o n s to and m o d i f i c a t i o n s of the e x i s t i n g e q u i p m e n t . 

P H A S E NO. 2 

(1) To i n v e s t i g a t e c a u s e s of m e t a l f a i l u r e t h u s f a r e n c o u n t e r e d by e v a l u a t i o n of 
u s e t e s t s on d e v e l o p e d m a t e r i a l s and (2) T o i n v e s t i g a t e and d e v e l o p n e w a l l o y s to 
r e s i s t p r e s s u r e , t e m p e r a t u r e , and e r o s i o n c o n d i t i o n s e x i s t i n g in p r o p u l s i o n u n i t s 
b y (a) m o d i f i c a t i o n of p r e s e n t a l l o y s , (b) d e v e l o p m e n t of n e w a l l o y s , and (c) u s e of 
p o w d e r m e t a l l u r g y m e t h o d s . 

SUMMARY 

S t u d i e s of f a t i g u e s p e c i m e n s a r e be ing c o n t i n u e d . The f i r s t e x p e r i m e n t a l e x t e n -
s o m e t e r f o r t he m o d i f i e d c r e e p m a c h i n e s h a s b e e n c o m p l e t e d . 

Q u a l i t a t i v e c o n f i r m a t i o n of t he m e t a l l o g r a p h i c a n d h a r d n e s s m e t h o d of d e t e r m i n -
ing t e m p e r a t u r e i s r e p o r t e d . 

P R O G R E S S 

N o t e : W o r k in t h i s q u a r t e r w a s c o n s i d e r a b l y d e l a y e d due to m o v i n g of t he m e t a l -
l u r g i c a l l a b o r a t o r i e s w h i c h a r e now in t he p r o c e s s of be ing s e t u p . 
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High T e m p e r a t u r e F a t i g u e . C o n s i d e r a b l e p r o g r e s s h a s b e e n m a d e on the H e n r y 
High Speed F a t i g u e m a c h i n e , u s i n g t h e s i s s t u d e n t s not c o n n e c t e d wi th P r o j e c t Squ id . 
A s the r e s u l t s a r e p e r t i n e n t to ou r p r o b l e m s , t h e y a r e be ing r e p o r t e d in s o m e d e -
t a i l . 

T h i s m a c h i n e i s a r e s o n a n c e t ype d e v i c e u s ing the m o t i o n of p e r m a n e n t m a g n e t s 
p a s t the s p e c i m e n a t c o n t r o l l e d s p e e d to i nduce r e s o n a n t v i b r a t i o n of t he s p e c i m e n . 
V a r i o u s s p e c i m e n s a r e be ing s t u d i e d to d e t e r m i n e wh ich s h a p e wi l l be m o s t s u i t -
a b l e f o r h igh t e m p e r a t u r e w o r k . 

F i g u r e 2 . a , b , c , s h o w s s e v e r a l t y p e s of b e a m s t h a t h a v e b e e n s t u d i e d . 

^ 
J U 

b s f - V j 1 

F i g u r e 2 . 

B o t h 2a and 2b b r e a k a t t h e v i s e , and t h e r e f o r e a r e d i f f i c u l t t o a d a p t to h igh t e m p e r -
a t u r e s t u d y . By d r i l l i n g a ho le in 2a n e a r the v i s e , i t c a n be m a d e to b r e a k a w a y 
f r o m the v i s e . H o w e v e r , the s p e c i m e n i s h a r d e r to t u n e , and h igh t e m p e r a t u r e s wi l l 
i n c r e a s e t h i s d i f f i c u l t y . 2c c a n b r e a k a t the c e n t e r o r n o d e s . T h i s s p e c i m e n h a s 
m a n y a d v a n t a g e s , a s it c an be e x c i t e d a t i t s end o r in t h e c e n t r a l p a r t . It i s a l s o 
long enough to p e r m i t hea t ing of t h e c e n t r a l p o r t i o n f o r h igh t e m p e r a t u r e s t u d i e s . 
A f u r n a c e i s s k e t c h e d in F i g . 2c to i l l u s t r a t e t h i s p o i n t . F i g u r e 2d i s a m o d i f i c a t i o n 
of 2c to p e r m i t t un ing , wi th t he m a s s e s M, and a l s o to c o n f i n e f a i l u r e to the c e n t e r 
of t h e s p e c i m e n . A s y e t , i t s c h a r a c t e r i s t i c s h a v e not b e e n s t u d i e d . 

T e n s i l e T y p e T e s t s 
M o d i f i e d C r e e p M a c h i n e s . Work i s cont inu ing on the c o n s t r u c t i o n of two m o d i f i e d 

c r e e p m a c h i n e s in w h i c h t e m p e r a t u r e wi l l be v a r i e d whi le t he load i s a p p l i e d . In one 
c a s e a c o n s t a n t l oad wi l l be app l i ed and the e l o n g a t i o n of the s p e c i m e n wi l l be o b s e r v -
e d . In t he s e c o n d c a s e the s p e c i m e n v i l l be e l o n g a t e d a t a c o n s t a n t s t r a i n r a t e , and 
the s t r e s s r e q u i r e d to p r o d u c e t h i s c o n s t a n t r a t e wi l l be o b s e r v e d . 

M a c h i n e d e s i g n h a s b e e n m o d i f i e d s e v e r a l t i m e s to e f f e c t m o r e s i m p l y a u t o m a t i c 
o p e r a t i o n . The t a k e u p nut i s now m o t o r d r i v e n and c o n t r o l l e d by s t r a i n on a s t r e s s 
b a r which a c t s a s t he l o a d i n g s y s t e m . It i s e x p e c t e d t h a t t h e s e m a c h i n e s wil l be 
o p e r a t i n g and p r o d u c i n g d a t a soon . 
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High l e m p e r a t u r e E x t e n s o m e t e r . In c o n n e c t i o n wi th the a b o v e m o d i f i e d c r e e p 
m a c h i n e s , e x t e n s o m e t e r s a r e r e q u i r e d . T h e s e a r e be ing b u i l t b e c a u s e c o n v e n t i o n a l 
c r e e p e x t e n s o m e t e r s of t he r e c o r d i n g type o p e r a t e s a t i s f a c t o r i l y in one d i r e c t i o n 
on ly . 

In F i g . 3a i s shown o u r f i r s t e x t e n s o m e t e r , now n e a r i n g c o m p l e t i o n . 

In t h i s d e v i c e t he e l o n g a t i o n of the s p e c i m e n f l e x e s a s p r i n g c a n t i l e v e r b y m e a n s of 
t h e e x t e n s i o n b a r s . T h e f l e x u r e of t h e c a n t i l e v e r a f f e c t s an S R - 4 s t r a i n gage m o u n t -
ed t h e r e o n . 

In F i g . 4 , a and b a r e two a l t e r n a t e c i r c u i t s t h a t c a n be u s e d t o r e c o r d c h a n g e s in 
t he c a n t i l e v e r . 

In c i r c u i t 4 a t h e c h a n g e of r e s i s t a n c e in t h e p a i r of S R - 4 ' s ( R x and R ) i s d o u b l e d , 
one gage b e i n g in c o m p r e s s i o n and t h e o t h e r in t e n s i o n . T h e R s t , s in t he c i r c u i t 
a r e t he r e f e r e n c e s t a n d a r d s . In c i r c u i t 4b c h a n g e s a r e doub led but both g a g e s a r e 
e i t h e r in c o m p r e s s i o n o r t e n s i o n . In e a c h c a s e t he u n b a l a n c e in a W h e a t s t o n e 
b r i d g e c i r c u i t i s r e c o r d e d . 
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C a l i b r a t i o n wi l l be a c c o m p l i s h e d in a n e x t e n s i o n f i x t u r e . T h i s wi l l m e c h a n i c a l l y 
a c t a s an e longa t i ng s p e c i m e n e x c e p t t h a t t h e a m o u n t of e x t e n s i o n wi l l be k n o w n . 
T h e c o r r e s p o n d i n g c h a n g e s in m i l l i v o l t s w i l l be r e c o r d e d , and e x t e n s i o n v s . m i l l i -
v o l t s p lo t t ed f o r t h e c a l i b r a t i o n . 

In F i g . 3b i s a p r o p o s e d e x t e n s o m e t e r . 

<s> F i g u r e 3b. 

T h i s d e s i g n w a s d e v e l o p e d t o o v e r c o m e s e v e r a l u n d e s i r a b l e f e a t u r e s of t he e x t e n -
t o m e t e r shown in F i g . 3 a . 

In t h e n e w d e s i g n , t h e e x t e n s i o n r o d s wi l l m o v e in a p a r a l l e l m a n n e r d u r i n g the 
e x t e n s i o n ; wh i l e in F i g . 3a t h e m o t i o n i s s l i g h t l y non p a r a l l e l due to the m o v e m e n t 
of t he f l e x i n g c a n t i l e v e r t h r o u g h an a r c . T h i s l a s t c h a r a c t e r i s t i c h a s b e e n known 
a l l a l o n g . H o w e v e r , a s t h i s d e v i c e i s c a l i b r a t e d in t e r m s of e x t e n s i o n t h e s e e r r o r s 
shou ld b e o v e r c o m e in t he c a l i b r a t i o n . 

Upon c o m p l e t i o n of t e s t i n g of t he 3a s y s t e m , c o n s t r u c t i o n of t he n e w e x t e n s o m e t e r 
wi l l be u n d e r t a 1 e n . 

D i l a t o m e t e r . A s i m p l e d i l a tome t f e r i s b e i n g bu i l t fop u s e in c o n j u n c t i o n wi th t h e s e 
t e n s i l e t e s t s . A s t h e s p e c i m e n s a r e u n d e r g o i n g a chang ing t e m p e r a t u r e , a c o r r e c t -
ion c o r r e s p o n d i n g t o n o r m a l t h e r m a l c h a n g e s m u s t be a p p l i e d to the e l o n g a t i o n o b -
s e r v e d . 

T e m p e r a t u r e D i s t r i b u t i o n S t u d i e s ; A c t i v e w o r k i s now u n d e r w a y on t h i s p r o j e c t . 

Q u a l i t a t i v e r e s u l t s a r e b e i n g r e p o r t e d h e r e , w h i c h r e s u l t s a r e c o n f i r m e d by P r o -
f e s s o r M o r r i s Cohen and h i s c o - w o r k e r s who had o t h e r o b j e c t i v e s in m i n d in t h e i r 
w o r k on t h e t e m p e r i n g of h igh c a r b o n s t e e l s . R e f . 1, 2, 3, and 4 . 

T h e m e t h o d p r o p o s e d f o r d e t e r m i n i n g t e m p e r a t u r e d i s t r i b u t i o n i s a s f o l l o w s ; 
P r o d u c e the m a c h i n e o r p a r t t o be s t u d i e d of a s u i t a b l e s t e e l . H e a t t r e a t and 
q u e n c h to o b t a i n a m a r t e n s i t i c s t r u c t u r e . T h e p a r t wi l l t h e n b e a s s e m b l e d and put 
in to a c t u a l s e r v i c e . O p e r a t i n g t e m p e r a t u r e and t i m e in s e r v i c e wi l l t e m p e r t he 
p a r t , a l t e r i n g bo th t h e m e t a l l o g r a p h i c s t r u c t u r e and the h a r d n e s s . The t e m p e r a t u r e 
w i l l be d e t e r m i n e d by c o m p a r i s o n wi th a s e t of s t a n d a r d s p r o d u c e d u n d e r known 
c o n d i t i o n s . T i m e in t h e s t a n d a r d s m u s t be t he s a m e a s t he t i m e in s e r v i c e . 
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An experiment to show the validity of this hypothesis was tried.   A l/4" rod, 
2 3/4 " long of high C steel (C - 1.35%, Mn - 0.52%, Si - 0.28%. S - 0.017, P - 
0.006) was quenched in water after 15 minutes at 1900    F.   This rod was then heat- 
ed at one end by an oxy-acetylene torch, while the other end was in a water bath, 
thus producing a temperature gradient.   Gradient was controlled by mounting a very 
light gauge thermocouple at the center of the specimen, temperature of 600° F be- 
ing maintained at this point for 15 minutes.   Temperature at the hot end reached an 
estimated 1450° F while the temperature of the water reached 130° F.   The speci- 
men was mounted in clamps in one piece, then wet ground to avoid any further 
tempering action.   Longitudinal mounting was used so that temperature gradient 
could be observed metallographically.   Mount was polished in one piece using op- 
tical emery.   Etching was with 3% Nital.  Eight points along the gradient were se- 
lected as per Fig. 5. 

•oo*»? 

H<»7 

Corresponding temperature and hardness determinations are shown in Figs. 6a and 
6b. 

ItlcVi.t   -ffem   Untcmp.fd   End 

Figure 6a 
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Photomicrographs at lOOOx for these points are shown as Figs. 7 through 14. 

These hardness results and photomicrographic structures illustrate the qualitative 
validity of the method. 

We are indebted to Professor Morris Cohen for the steel used in this qualitative 
work and for its analysis.   This steel has many flaws and is probably unsuitable 
for accurate quantitative work.   Three special H.C. steels are now on order for the 
quantitative program. 

Figure 7. 

Figure   8. 
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Figure 9. 

Figure 10. 



m^^^^  '. I    •     l.i«i ■•■     ■    ■     ■      ■! ■      ■    ■    • ■I "J" . ".  ■." I !■■    ■  ■   .   •      P       I       l '    ■■     • 

Figure 12 
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Figure 13. 

Figure 14. 
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System Be-Cr. Investigation o£ the system Be-Cr has been stopped, due to moving 
of the laboratory and resultant damage to the Ajax furnace. The high frequency gen- 
erator has been repaired and will soon be in operation. In the interval, library work 
has been continued. 

Carbides and Nitrides.  Literature study and some experimental work has been 
continued.  Additional refractory metals for study have been ordered.  Some study 
of the preparation of the carbides and nitrides that are not available has been in- 
itiated. 
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PHASE NO. 3 

(a)   To investigate the metallurgical, fabrication, and design problems involved in 
cooling rocket and intermittent jet motors by the diffusion of fluids through porous 
metal combustion chamber liners,   (b)   To study analytically and experimentally 
(1) the diffusion of fluids through porous media under high pressures and tempera- 
tures and (2) the effects (of this diffusion) on the internal aerodynamics,   (c)   To 
study problems in the field of physical chemistry pertinent to (a) and (b) with con- 
sideration given to the clogging of pores, the use of catalysts imbedded in the liner 
walls, and endothermic diffusion processes. 

SUMMARY 

A theoretical investigation of the laminar boundary layer flowing along a porous 
flat plate with a fluid injected through porous cells of the plate was made.   Temper- 
ature distributions in this boundary layer were calculated for different values of the 
Prandtl number.   Wall temperatures on the hot gas side can be determined from the 
above results in terms of the ratio of injected coolant velocity and stream velocity 

for a given hot gas temperature Ti, and coolant temperature T0. 

PROGRESS 
The theoretical study of the aero-the rmodynamic problems involved was started by 

the investigation of the flow of a hot gas over a porous flat plate under the condition 
of uniform gas injection from the bottom of the plate.   The momentum equation and 
the corresponding energy equation for tha boundary were set up with the velocity of 
injection assumed to be uniformly distributed along the plate. 

In the solution of the laminar layer equation, the momentum and energy equations 
were reduced to the integral relation form similar to the Karman integral relation 
of the Prandtl equation.   The velocity and temperature profiles were assumed as a 
polynomial of the fourth degree in exponential forms.  Since the velocity at the 
boundary layer is constant for the flow over a flat plate, linear differential equa- 
tions for the boundary layer and the direction of flow, i.e. F(<^) and F(X), were ob- 
tained and solved.   The results of the solution are shown in Figs. 15 and 16. 
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Figure 16. 

Since the relation between F(/) and F(X) are linear (except in the neighborhood of 
the leading edge of the plate) a constant ratio.^i was assumed for the temperature layer 

«l^and the velocity layer <^.  This ratio is independent of the distance x in the di- 
rection of flow.   With this assumption the temperature distribution in the boundary 
layer was obtained in terms of R«« *- .-jj^ . 5 and the Prandtl number.   Temperature 
profiles were plotted at various j£ ratios. 
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From the condition that the quantity of heat removed by the plate per unit area is 
equal to the quantity of heat absorbed by the coolant per unit area, a relation be- 
tween the wall temperature and the amount of coolant needed can be established. 
This relation is shown in Fig. 17 for various Reynolds numbers. 

Figure 17. 

The above analysis was based on an incompressible fluid, i.e., the mass density 
and viscosity of the fluid were assumed to be constant.   The analysis for a compress- 
ible fluid in which the mass density and viscosity are functions of the temperature is 
underway. 

PLANS 

Fundamental experiments on laminar boundary along a porous flat plate with fluids 
Injected through porous cells were discussed with Dr. Duvez, Dr. Rannil, and Mr. 
Thiel at the JPL/CIT.   The growth of a boundary layer along the direction of flow, 
and the location of the laminar separation are especially interesting.   The purpose 
of these experiments is to verify the theoretical investigation and establish some 
fundamental theory for the flow along a porous surface, rather than to obtain the 
immediate applications. 
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PHASE NO. 1 

Development of a method of measuring instantaneous gas temperatures fluctuating 
at frequencies from 50 to 100 cycles per second in a range of temperatures from 
room temperatures to 3000oF.   (pulse jet gases). 

SUMMARY 

The survey of the available literature at Purdue University has been completed. 
Apparatus has been designed and tested for detecting, amplifying, observing, and 
recording the electrical impulses from thermocouples.   Special welding techniques 
have been developed for fabricating small-wire thermocouples. 

DISCUSSION 

Because of several factors that have been discussed in previous reports, the ex- 
perimental staff decided to limit the study to the measurement of gas temperatures 
by means of thermocouples.   It is recognized by the investigators that the problems 
involved in the possible use of thermocouples for measuring the temperatures of 
gases under transient conditions are many and perhaps unsolvable.  However, for 
engineering use, the advantages of a system based on a thermocouple are obvious. 
It may be possible to devise a satisfactory system employing thermoelements that 
may not measure the actual temperature, but that, with suitable correction factors, 
may be used to determine the temperature within plus or minus 10 per cent.   This 
type of system would find wide use in engineering design.   The investigators, there- 
fore, elected to proceed along this line of development work.   The progress of the 
work is discussed in the paragraphs that follow. 

PROGRESS 
(1) A survey of the literature available to the research staff at Purdue University 

has been completed. 
Methods and apparatus used for measuring the temperature of gases flowing at 

subsonic and supersonic velocities have been studied. 
(2) The thermocouple, the emf chopper, the amplifier, and the photographic re- 

corder have been constructed and tested, and the operation of the equipment has 
been found to be quite satisfactory.  A report covering this part of the work has been 
submitted. 

(3) Several types of thermocouples have been constructed, and preliminary tests 
conducted.  Various techniques for welding very fine wire have been developed. 
This part of the work is being continued in order that better couples may be obtain- 
ed.  An apparatus is being designed so that the response of very-fine-wire thermo- 
couples may be determined. 

PLANS 

The work dealing with the study of the response of small thermocouples will be 
continued. 

PHASE NO. 2 

To study continuous process combustion, defining the effects of combustion-cham- 
ber size and shape, fuel and oxidizer distribution, and turbulence with available 
fuels and oxidizers. 
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SUMMARY 

During the period covered by this report activities have been concentrated on four 
phases, namely:   (1) the creation and measuring of turbulence in a small Bunsen- 
type burner and observation of the effects of turbulence on combustion; (2) investi- 
gation of the factors involved in flame-holding devices and the study of a flame hold- 
er of radical new design; (3) modification and improvement of the intermediate- 
sized burner previously referred to as a small-scale burner; (4) continuation of 
planning, procuring, and construction of equipment and facilities for large-scale 
combustion studies. 

PROGRESS 
Because of hazardous operating conditions, research on the intermediate-sized 

burner has been kept to a minimum until the new building is available at the Purdue 
University Airport.   Work on the Bunsen-type burner has been expedited to deter- 
mine the possible relationship between turbulence and rate of flame propagation in 
the combustion process. 

The designation, "Bunsen-type", is really a misnomer, since the only purpose 
served in this case by the Bunsen burner is the mixing of gas and air before intro- 
duction into the contracting-jet nozzle which serves as the burne..   This can be 
seen in the accompanying sketches. Figures 1 to 3 inclusive. 
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Figure  1. 
Rotating Rod Turbulence Creator Assembly 
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Rotating Rod Turbulence Creator 
Shaft and Bearing Housing Assembly 
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35 



•.■'W>l!^ll■'TT^/>^-'■v'-"-^'■•,.'•,.,:,^"."■,.'■1.'l.' 

The gaseous fuel and air, after mixing in the Bunsen burner, are supplied to the 
housing (Fig. 2) which serves the dual purpose of supporting the high-speed bearings 
for the rotating shaft and mount for the nozzle adapter.   The latter is adjustable in 
an axial direction and supports the various types and sizes of nozzles (Fig. 3).   The 
adjustable feature permits study to be made of the relationship of the rod-end posi- 
tion with respect to the nozzles on the flame configuration.   The variable-speed 
motor permits operation at any speed between zero and 18,000 r.p.m. 

Observation of the change in the inner cone of the flame with changing shaft speed 
indicated a rather pronounced effect.   The cone changed from the usual geometric 
shape of a cone with a slightly rounded tip to one having the upper portion inverted 
within the lower portion of the cone.   The inverted tip could be made to assume a 
definite position with respect to the nozzle discharge end when stable operation was 
attained. 

A hot-wire anemometer, built in accordance with National Advisory Committee for 
Aeronautics Technical Note TN 990 by Dr. J. Weske, was used to determine the ef- 
fect of the speed of the rotating-rod turbulence creator on intensity of turbulence 
and velocity gradients across the discharge of the nozzle.   There was good indica- 
tion of the relationship existing between the intensity of turbulence, velocity of mix- 
ture, and flame front.   Figure 4 shows the distribution of velocity of mixture, and 
flame front.   Figure 4 shows the distribution of velocity and turbulence intensity in a 
line of a plane parallel with the burner axis. 

Figure 4 

Effect of Rotating Rod on gas velocity and 
intensity of turbulence in contracting jet 
nozzle. 
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It can be seen that the ratio of turbulence intensity to the maximum value reaches a 
maximum juat inside the extension of the nozzle bore.   The radial position at which 
this peak value occurs changes with the distance of the line of traverse above the 
nozzle.   The minimum value of turbulence intensity occurs at approximately the cen- 
ter line of the nozzle and at a region considerably beyond the bore of the nozzle. 
The existence of an Isotropie turbulence is indicated by the broken line showing a 
nearly constant level of intensity when the rod is utationary.   The survey was not ex- 
tended to determine the place at which the intensity of turbulence for zero r.p.m. 
would decrease, but it is probably that it would occur in a region closer to the center 
line of the nozzle than at 12,000 r.p.m. 

It is of interest that the velocity peaks are at about the same points as the intensity 
of turbulence.   The slight dip in the velocity curve for zero r.p.m. is expected, be- 
cause of the rod location.  Also.the peaking of the velocity can be seen to occur closer 
to the center line than is the case at high speed.  The slight vortex created by tue ro- 
tating rod would tend to create this difference. 

No attempt has been made as yet to correlate the measurements obtained with the 
flame-propagation velocity.   The work of Gu<w   and more recently that of Damkoh- 
ler , and of Garside, Forsythe, and Townend , will be followed to see if it is pos- 
sible to use the inner cone area of the flame to obtain burning velocityv   The sharply 
defined configuration observed for the inner envelope under turbulent conditions may 
permit empirical formulation of relationship. 

Figure 5 shows a sketch of the flame-holding contracting nozzle and its relation to 
the mixing chamber, the propane supply nozzle, and the retracting ignition system. 

FJäms-JfMMa. 

^^ J»J/' - 

Figure   5.   Installation of flame holder 

1. M. Guoy. Annales de Chemie et de Physique, Series 5, Vol. 18, pp.27-35 (1879) 
2. G. Damkohler. "The Effect of Turbulence on the Flame Velocity in Gas Mix- 

tures", NACATM 1112. 
3. J. Garside, J. Forsyth, and D. Townend.   "The Stability of Burner Flames" 

Institute of Fuel, August 1945, p. 175 
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This nozzle consists of two members with a conical annulus formed between.   Pos- 
itioning ribs are on the outside of the inner member to retain exact radial position. 
The extremely small angular difference between the two members which form the 
annular passage is designed to obtain extreme ranges of mixture velocity through 
the nozzle and yet, by means of the reduced velocity in the annulus to retain the 
flame.   The position of the flame front in the annulus would move axially until the 
flame-propagation burning rate equals the velocity of the gases in that portion of the 
annulus.  A retracting device is also available for positioning the inner member to 
allow study of the effect of the area at the entrance to the annulus on permissible 
velocities in the throat of the nozzle before flame retention fails. 

Although only one run has been made up to this time, the results have far exceeded 
expectations.   Mixture velocities of 300 feet per second have been reached in the 
nozzle throat with no indication of the occurrence of flame blow-off.  Higher veloc- 
ity will be attempted as soon as a larger by-pass around the compressor can be in- 
corporated to eliminate the surging which has prevented study of the effect of high- 
mixture velocities.   Furthermore, it will be necessary to confine combustion within 
a chamber, instead of permitting burning in the atmosphere, to ascertain definitely 
the possible benefits of this device.   Previous experiments have indicated that great- 
er velocities can be obtained when combustion is confined. 

Rapid progress is being made on the construction of the combustion laboratory.  It 
is anticipated that occupancy will be possible in July and the experimentation start- 
ed before fall.  All the various systems required for the operation of the engines and 
superchargers have been fabricated; however, the final assembly will require appre- 
ciable time.  Fabrication of air-supply ducts of suitable capacity presents a major 
problem. 

PLANS 

Plans for the immediate future call for the continuation of experiments with the 
Bunsen-type burner and parallel work with the intermediate-sized burner, as well 
as the investigation of flame-holding devices. 

PHASE NO. 3 

This phase undertakes the study of corrosion in connection with jet propulsion. 
The purpose of the research is to identify the corrosion products, and to investigate 
the process of corrosion as affected by the chemical and physical properties of the 
materials and the conditions of exposure. 

SUMMARY 

The oxidation of an 18-chrome-steel has been investigated by x-ray methods at 
7750C and 900 C. At both temperatures the oxide first formed is rich in chromium; 
but, as the oxidation proceeds, the percentage of chromium in the oxide decreases, 
whereas th? absolute amount of chromium remains essentially constant, an indica- 
tion of the formation of a protective layer of high chromium content. Both the per- 
centage of chromium in the oxide and the absolute amount of chromium are greater 
at the higher temperature. The initial oxide layer is probably of a structure inter- 
mediate between Fe_0,and Cr-0_, tending toward the former as the layer thickness 
increases. 

An electron diffraction camera suitable for experimentation at high temperatures 
has been developed. 
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A systematic investigation of binary and commercial heat-resistant alloys is out- 
lined.   Two new methods of examining the distribution of the components in alloys 
and in the oxide layers are proposed. 

PROGRESS 

The x-ray investigation of the oxidation of 18-chrome-steel has been continued. 
The absorption method of analysis previously reported (1 April 1947) has been ap- 
plied to oxide layers too thin for satisfactory analysis by their diffraction patterns. 
In this method the weakening of a base metal diffraction line by absorption in the 
superimposed oxide layer is compared for two radiations, CuKO^and.FeKOC, which lie 
at wavelengths on either side of the characteristic absorption discontinuity of iron. 
It has been established that the ratio of the two absorption coefficients so found is a 
calculable function of the percentage of chromium in the layer and nearly independ- 
ent of the state of oxidation.  After determination of the percentage of chromium 
present, the percentages of iron and oxygen that will give agreement with the two 
observed absorptions simultaneously may easily be found.   The total weight of oxide 
and the weight of each constituent can then be computed. 

Recently, a second method of reducing the observed data has been found, which 
gives the amount of iron in the oxide layer without the use of trial calculations or 
assumptions concerning the nature of the layer.  The x-ray absorption coefficients 
of all elements are known to vary (between characteristic discontinuities) proport- 
ionally with the cube of the wavelength of the radiation.  Hence, it is possible to 
compute, from the measured weakening of the two radiations used, what intensities 
would be found for the two wavelengths (essentially coincident) on either side of the 
irpn characteristic discontinuity and adjacent to it.  The ratio of these intensities 
depends only on the amount of iron in the layers; the absorption due to any other 
element cancels out.  The values obtained by this interpolation method are shown in 
parentheses in Table I. 

The results of oxidation of 18-chrome-steel in oxygen at one-atmosphere pressure 
at temperatures of 7750C and 900oC are shown in Table I.  At the higher tempera- 
ture a loose scale was forme«'1 in addition to an adherent scale.   This loose scale was 
removed and analyzed separately.  In this case the absolute values (marked ♦) de- 
pend upon an estimate of the ratio of the area of collection of sample to the area of 
the specimen prepared for measurement, and are not as reliable as the relative 
values. 

It is evident, at both temperatures, that the initial oxide is rich in chromium and 
that the percentage decreased with increasing time.  Over the range of time as 
shown, the actual amount of chromium in the adherent layer approaches a constant 
value, and the increase in total adherent oxide is due to the addition of iron oxides. 
This implies that a protective layers of a fairly definite composition is built up and 
that iron diffuses outward through the layer at a greater rate than does chromium. 
The chromium that does penetrate goes into the loose scale, while part of the iron 
forms adherent scale.  It will be noted that the initial percentage, and also the ab- 
solute amount, of chromium involved in this layer are considerably greater at the 
higher temperature than at the lower temperature.  Since the initial chromium en- 
richment of the oxide must be at the expense of local chromium impoverishment at 
the alloy surface, the diffusion rate of chromium in the alloy must increase more 
rapidly with temperature increase than does the rate for iron.   The experiments will 
be extended to include other samples and for longer periods of time in order to find 
how general these trends may be. 

It has been possible to obtain some x-ray diffraction patterns of these layers.   For 
the thicker ones there is very little, if any, deviation from the structure of Fe-,03. 
From the compositions given, 20 to 27% chromium, one should expect some devia- 
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tion of the patterns toward the similar but slightly different one of Cr^O}.   Stoichi- 
ometrically, the intermediate pattern of 3Fe203 . C^O^ is highly probable, but 
there is little positive evidence of its presence.   For the layers with the higher 
percentages of chromium, there is some evidence for the existence of the oxides 
intermediate between Fe203 and C^O^.   The Phillips recording spectrometer is 
not suitable for this work, since the only radiations available are strongly absorb- 
ed in these chromium-iron samples.   Diffraction work is therefore being continued 
on other instruments in which CrK   and MoK   radiations may be used, with the re- 
sultant higher precision of the measurements made. 

The vacuum furnace for oxidation and investigation of the surface structure of sam- 
ples in the electron diffraction camera, without intervening cooling, has been finish- 
ed and completely tested.   It has been used successfully up to temperatures of 650oC. 
A routine program of experiments with this equipment has begun. 

The optical and electron microscope examination of cross sections through oxidized 
surfaces has been successful for heavy layers on low-chrome alloys.   A definite lay- 
ering structure has been found.   Efforts to improve the technique and extend it to the 
harder alloys is continuing.   Binary alloys for systematic investigation of the effects 
of composition and conditions of exposure on the oxidation process have been re- 
ceived and preliminary measurements made, but the materials in the "as cast" 
form show too much dendritic formation to be satisfactory.   Heat treatment and work- 
ing are now being carried out to affect homogenization and grain refinement. 

PLANS 
A program of investigation of the binary alloys available will be undertaken as out- 

lined.   The outlined program, in part, will be extended to include certain commer- 
cial heat-resistant alloys. 

1. Preparation of samplt. Examination of surface before and after heat treatment 
and polish. 

2. Exposure to corroding atmospheres (oxygen, dry and moist, air, etc.) at various 
temperatures and pressures for increasing periods of time. 

3. Examination cf the corrosion layer. 
a. Optical and electron microscopy - surface and in section. 
b. X-ray microradiography - surface and in section. 
c. Determination of corrosion products by x-ray, electron diffraction, micro- 

scope, etc. 
d. Determination of thickness and rate of growth. 
e. Steps (1) and (3) combined in the electron diffraction camera, possibly also 

in x-ray methods. 
f. Electrical and physical measurements pertaining to the protective nature of 

layers. 

In reference to 3-b, wherein the purpose is to obtain the distribution of components 
in the oxide layer, two additional methods are being investigated. 

It has been found (J.  J. Trillat, private communication) that segregations may be 
identified as follows:   A fine-grain photographic plate is put in contact with the sur- 
face and irradiated with ZOO K.V. x-rays.   There is sufficient differential in the ef- 
ficiency o/ release of photoelectrons to produce an image on the plate, the blackness 
of which is characteristic of the type of atom present. 

The second method contemplates irradiation of the surface with suitable chosr.n 
x-rays so that the photoelectrons are released with energies characteristic of the 
type of parent atom.   By means of an electric or magnetic lens, an enlarged electron 
image of the surface can be formed with electrons of each of these energies, to give 
a direct photograph of the corresponding distribution of the atoms. 
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PHASE NO. 4 

STATEMENT OF PROBLEM 

The purpose of this research is to study, by means of bomb or continuous-flow 
experiments, temperatures, pressures, and concentration of reactants for various 
oxidation reactions of materials that may be of value for a rocket or a jet engine. 

SUMMARY 

Equipment is being assembled for the study of the oxidation of hydrazine or per- 
haps hydrazine hydrate by air-oxygen mixtures and possibly by pure oxygen and 
pure hydrogen peroxide.   The preliminary experiments will be carried out in a con- 
stant-volume bomb, and the investigation will be limited to the non-explosive re- 
gion. 

PROGRESS 

The apparatus will consist of a pyrex reaction vessel attached to vacuum pumps, 
charging vessels, a manometric system and a constant temperature bath, as shown 
schematically in Figure 6. 

bjrdrozUf nr.d oiyion 
•hanlnc TUSL.1I 

touat.nMifU.!. 
BrtBLt twifwruturi. bath 

Pyrei noctiun Tescd 

to acrcury dlffuclon and 
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thwioregulrtor for bath 

clr.ulntlne oU Inlat 

Figure   6. 

The apparatus will be designed to permit the study of the effect of the varying of the 
surface to volume ratio on the rate of both the oxidation reaction and the thermal 
decomposition of hydrazine or hydrazine hydrate, in order to determine the rate of 
the reaction of the homogeneous or heterogeneous system, as may be the case.  No 
chemical analyses will be made during these first runs, except the analysis of the 
final products at the end of the reaction period.  After the initial studies have been 
made, a new reactor will be constructed with facilities for removing micro-sam- 
ples during the course of the reaction by means of a Toepler pump arrangement. 
This will permit the study of several variables, such as concentration of reactants, 
temperature, and pressure in an effort to determine the mechanism of the oxidation 
reaction. 
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PLANS 

The plans for the immediate future call for the completion of the construction of 
the equipment, after which data will be obtained on the rate of pressure rise with 
time for the oxidation of hydrazine or hydrazine hydrate as carried out in the static 
system. 

PHASE NO. 5 

The purpose of this research is to determine, for liquid-fuel rockets and pulse jet 
engines, the radiation factor and its contribution to heat-transfer coefficients in- 
side a pipe with gas flow at low and also at high temperatures. 

SUMMARY 

The assembly and installation of equipment are about complete.   The carbon diox- 
ide absorber, the water-vapor absorber, and the rotameter were completely in- 
stalled during this quarter.   The temperature controller was partially installed and 
construction of the electric preheater and test section was initiated.   Trials of the 
gas-fired furnace at maximum temperatures proved satisfactory. 

PROGRESS 

Considerable progress was made during this period in the assembly and installa- 
tion of equipment.   The soda-lime absorber and the silica-gel absorber were con- 
structed and installed for the removal of carbon dioxide and water vapor, respect- 
ively, from the laboratory air supply.   The air, thus purified, is to be used in the 
first test runs in the determination of convection coefficients of non-radiating gases, 
which are to be used in predicting the convection coefficients of radiating gases in 
later phases of the work. 

The rotameter to be used in measuring the gas flow rates was received and in- 
stalled.  The mechanism for controlling the gas temperatures entering the test 
section was received in part and has been installed as completely as possible. 

Approximate maximum gas temperatures attainable from the gas-fired pre-heater 
were determined for working mass rates of flow.   Several arrangements of the baf- 
fles were tried in the furnace until one was found that allowed the nichrome heating 
coil to reach its maximum operating temperature of 2100oF.   Under these conditions, 
the exit gas reached a maximum temperature of 15?.0oF. at a flow rate of 10 cubic 
feet per minute (corrected to standard conditions).  As these results are slightly 
better than the design figures, the furnace is considered satisfactory. 

A modification of the plans for the test section was found necessary when it was 
learned that the 2-inch nichrome pipe for the test section originally ordered in Jan- 
uary, will still be unavailable for several months.  As a temporary expedient, 2- 
inch nichrome tubing has been procured for both the electric heater and the test sec- 
tion.   This construction is now under way. 

PLANS 

It is hoped that construction of the apparatus will be completed during the next 
quarter.  After that, a considerable amount of time will be spent in perfecting the 
thermocouple arrangements. 
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PHASE NO. 6(F) 

The purpose of this research is to determine experimentally the heats of forma- 
tion and combustion, the specific heats, and other thermodynamic properties of 
various fuels and oxidizers used in pulsating jet engines.   If possible, a correlation 
of thermodynamic properties of these fuels will be made, so that calculations may 
be extended to include new fuels. 

SUMMARY 

An adiabatic calorimeter using a modified Emerson oxygen-bomb calorimeter and 
a Daniels adiabatic-j^cket has been assembled and is ready for calibration.   Upon 
completion of the calibration experiments, the heats of combustion of selected sub- 
stances suitable as fuels and oxidizers in pulsating jet engines will be determined. 
Two substances are available and are awaiting purification. 

PROGRESS 

The greater part of the time during the past   quarter has been spent on assem- 
bling the equipment for determining heats of combustion.   The calorimeter assembly 
to be used for this work is a modified Emerson oxygen-bomb calorimeter equipped 
with a Daniels adiabatic-jacket.   To approach adiabatic conditions, the temperature 
of water in the outer jacket is maintained at the same temperature as the weighed 
quantity of water in the calorimeter can, by passing a current of electricity through 
the jacket water during the time combustion is taking place. 

The difference in temperature between the calorimeter water and the jacket water 
will be visually indicated by means of a differential Copper-Constantan thermopile 
connected to a Rubicon spotlight galvanometer.   The thermopile to be used will con- 
tain sufficient elements to approach adiabatic conditions within 0.010C. difference 
between the temperature of the two water baths.   The electrical energy for the 
heater in the outer water jacket will be controlled by means of an automatic photo- 
cell relay control unit.   The temperature rise of the weighed quantity of water in 
the calorimeter can well be measured by means of a Beckman differential ther- 
mometer calibrated by the Bureau of Standards.   The temperature rise may be 
measured to- 0.001  C. by using an ordinary magnifying lens, or to about ^ 0.0005  C. 
by using a more elaborate magnification system.  All of the equipment has been 
delivered and assembled except the photocell relay unit to be used for controlling 
the current to the heater in the outer water jacket.   The combustion and absorption 
tubes for purifying the oxygen supply to the bomb have been assembled and are 
ready for use.   The calorimeter assembly will be calibrated by using standardized 
benzoic acid obtained from the Bureau of Standards, and the methods of compar- 
ative measurements will be followed.   Eight to twelve calibration runs will be made 
before beginning experimental determinations of selected compounds.   Calibration 
runs will be made at intervals thereafter in order to check the performance of the 
apparatus. 

Samples of three materials (dinitropropanes) have been obtained with which the 
heats of combustion are to be determined after the equipment has been calibrated. 
These samples are in the impure form and will be purified before any experi- 
mental determination. 
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FUTURE PLANS 

Calibration of the equipment will start within the next few weeks.  After the equip- 
ment has been calibrated, it is planned to determine the heat of combustion for one 
or two compounds of which the heat of combustion is already known in order to 
check the equipment and the technique employed.   The work will then be directed 
toward determining the heat of combustion of the selected three samples and   cer- 
tain additional compounds which will be prepared this summer. 

PHASE NO. 6(G) 

The subject of the research on Phase No. 6(G) is the determination of heats of 
combustion of various chemical compounds suitable as high-energy fuels and  ox- 
idizers. 

SUMMARY 

Combustion experiments with methyl nitroacetate have been continued and many 
of the problems encountered in the ignition of this compound have not been com- 
pletely solved.  Selection of other compounds to be examined is being continued 
along with a study of methods by which the selected material may be purified.   One 
of the compounds selected for heat-of-combustion determination is 3-nitro-p-to- 
luidine. 

PROGRESS 

The report of progress on this phase of Project SQUID includes (1) modification 
and improvement of the apparatus, (2) the beginning of combustion experiments with 
methyl nitroacetate, (3) the selection of further compounds, including 3-nitro-p-to- 
luidine, of which the heats of combustion will be determined, and (4) the procure- 
ment and purification of some of these compounds. 

It became apparent to the investigators during the past few months that, with the 
advent of hot, humid summer weather, it would be necessary to shield the apparatus 
in order to reduce stray electric currents.   To this end, the thermels, the heater 
circuit, and the ignition system have been shielded; the galvanometer and the bat- 
tery systems will be shielded as soon as the remainder of the material needed is re- 
ceived.  Improvements to eliminate "drift" in the audible interval-timer were made. 
The addition of a heater with a greater temperature range improved the temperature 
control of the air bath.   The double-valve Parr oxygen bomb was received, as well 
as the weights needed for use with the large balance.   These weights were calibrated 
before use. 

Early in the establishment of the research program it had been decided to deter- 
mine the heats of combustion of three metal-organic compounds which were to be 
furnished by Aerojet Corporation.  When these compounds failed to arrive, it was 
decided to postpone consideration of these compounds, and attention was direded 
instead to methyl nitroacetate, an oxidizer which has found use in rocket fuels 
under development at Purdue University.   This compond was purified, and com- 
bustion experiments were begun. 
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The ignition of this compound is a problem that has not been satisfactorily solved. 
The use of combustion promotdrs has been successfully tried but promoters will not 
be used except as a last   resort, because methods utilizing them are less precise. 
Because of the extreme hydroscopic nature of methyl nitroacetate, it is necessary 
to place the sample within a glass ampoule.   When enclosed in glass ampoules, the 
compound is difficult to ignite because the glass breaks so slowly that the ignition 
wire is consumed before the sample is completely burned.  Some success has been 
obtained with two-necked flattened-sphere ampoules.   Work is continuing on the pro- 
blem of obtaining ampoules fragile enough to break easily when the ignition wire 
burns. 

The compound 3-nitro-p-toluidine has been investigated and seems to be adaptable 
to our method of measurements.  A sample of 40 grams of 3-nitro-p-toluidine 
(Eastman Kodak Company) has been purified by being recrystallized three times 
from aqueous ethyl alcohol and finally sublimed.   The resulting sample of 10 grams 
will be checked for purity and its heat of combustion determined.   From theoretical 
calculations of the expected heat of combustion, samples of about 1.1 grams will be 
required for each determination. 

PLANS 

Future work will consist of measuring the heats of combustion of selected sub- 
stances, especially those suitable as high-energy fuels. 
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P H A S E NO. 1 

In c o n n e c t i o n wi th p u l s a t i n g j e t e n g i n e s : t o u n d e r t a k e t h e o r e t i c a l and w i n d - t u n n e l 
i n v e s t i g a t i o n s on f l o w s and l o s s e s in d i f f u s e r i n l e t s , d i f f u s e r s , i n t a k e v a l v e s , e x -
h a u s t n o z z l e s , and t h r u s t - a u g m e n t i n g d u c t s f o r s u b s o n i c and s u p e r s o n i c p u l s a t i n g 
j e t s . 

SUMMARY 

The s t udy of g a s f l o w in h a l f - o p e n p i p e s w a s b r o u g h t to a t e m p o r a r y c o n c l u s i o n 
and the a n a l y t i c a l r e l a t i o n s o b t a i n e d w e r e a s s e m b l e d in a p r e l i m a r y r e p o r t . A 
r e p o r t w a s a l s o p r e p a r e d on the e l e c t r i c a l a n a l o g y of g a s w a v e s of l a r g e a m p l i -
t u d e s . Work on t h e h y d r o d y n a m i c a l m o d e l e x p e r i m e n t s i s now b e i n g s t a r t e d , and 
t h e a r r a n g e m e n t t o m e a s u r e g a s d e n s i t i e s by m e a n s of l i g h t a b s o r p t i o n in a s m o k e 
f i l l e d a t m o s p h e r e h a s b e e n c o m p l e t e d . The m o t i o n of s h o c k w a v e s in s u p e r s o n i c 
d i f f u s e r s wi th p e r i o d i c a l l y v a r y i n g b o u n d a r y c o n d i t i o n s w a s s t u d i e d both t h e o r e t -
i c a l l y and e x p e r i m e n t a l l y . 

P R O G R E S S 

T h e s t u d y of g a s f l o w in h a l f - o p e n p i p e s y i e l d e d a n u m b e r of a n a l y t i c a l r e l a -
t i o n s showing t h e i n f l u e n c e of t he s h a p e of t he p i p e on i n f i n i t e s i m a l o s c i l l a t i o n s 
and the a d d i t i o n a l e f f e c t of f i n i t e a m p l i t u d e . In v i e w of t h e v e r y s i m p l i f y i n g a s -
s u m p t i o n s w h i c h h a d to b e m a d e , t he r e s u l t s h a v e to be t r e a t e d wi th c a u t i o n u n t i l 
e x p e r i m e n t a l p r o o f s b e c o m e a v a i l a b l e . A p r e l i m i n a r y r e p o r t on t h i s w o r k h a s 
b e e n p r e p a r e d . E x p e r i m e n t a l c h e c k s wi l l be b a s e d on m e a s u r e m e n t of t h e t r a n -
s i e n t g a s d e n s i t y in p i p e s wh ich a r e f i l l e d wi th a i r a t h i g h e r - t h a n - a m b i e n t p r e s s -
u r e and w h i c h a r e s u d d e n l y o p e n e d a t one e n d . A d d i t i o n of s m o k e wi l l i n c r e a s e 
l i g h t a b s o r p t i o n s u f f i c i e n t l y t o m a k e p h o t o e l e c t r i c m e a s u r e m e n t s p o s s i b l e . Bo th 
a m m o n i u m c h l o r i d e a n d t i t a n i u m - t e t r a c h l o r i d e s e e m t o b e s u i t a b l e . H o w e v e r , i t 
m i g h t no t be p o s s i b l e t o f i l l t h e whole p ipe u n i f o r m l y wi th s m o k e and in t h i s c a s e 
m e a s u r e m e n t s w i l l h a v e to be r e s t r i c t e d t o t h e r e g i o n n e a r t h e c l o s e d e n d . The 
e x p e r i m e n t a l a r r a n g e m e n t h a s b e e n c o m p l e t e d , and t e s t s w i l l s t a r t a s soon a s t h e 
c a t h o d e - r a y o s c i l l o g r a p h wh ich i s on o r d e r i s d e l i v e r e d . G r a v i t y s u r f a c e w a v e s 
on w a t e r w i l l a l s o s e r v e t o t e s t t h e t h e o r e t i c a l r e s u l t s , a n d w o r k on t h e d e s i g n of 
t he s e t u p f o r t h i s e x p e r i m e n t a t i o n h a s b e e n s t a r t e d . 

T h e s t udy of t h e e l e c t r i c a l a n a l o g y of g a s f l o w l ed to t he c o n c l u s i o n t h a t t h e 
a p p r o a c h c o n s i d e r e d would not be p r a c t i c a b l e . A r e p o r t on t h i s w o r k w a s p r e p a r -
e d . No f u r t h e r w o r k wi l l b e done on t h i s p r o b l e m u n l e s s a m o r e p r o m i s i n g a p -
p r o a c h c a n b e f o u n d . ' 

T e s t i n g of the t w o - d i m e n s i o n a l s u p e r s o n i c d i f f u s e r wi th c o n t r o l l e d , p e r i o d i c a l -
ly v a r y i n g b a c k p r e s s u r e s w a s con t i nued in a n a t t e m p t t o d e t e r m i n e t h e e f f e c t s of 
f r e q u e n c y and a m p l i t u d e of s u c h p r e s s u r e f l u c t u a t i o n s upon t h e i n s t a n t a n e o u s 
s h o c k p a t t e r n and t h e r a n g e of t r a v e l of t h e n o r m a l s h o c k i n s i d e t h e d i f f u s e r . The 
p r e s s u r e w a s c o n t r o l l e d b y m e a n s of a b u t t e r f l y v a l v e , r o t a t e d by an e l e c t r i c 
m o t o r d r i v e . 

H i g h - s p e e d s t r i a e m o t i o n p i c t u r e s w e r e m a d e of t h e w a v e p a t t e r n , a t 1000, 2000 , 
and 3000 f r a m e s p e r s e c o n d , wh i l e t h e v a l v e w a s o p e r a t i n g a t 5000 r . p . m . In o r d e r 
t o d e t e c t a n y e f f e c t of t h e t u n n e l b o u n d a r y l a y e r on s u c h p a t t e r n s , t he t e s t s w e r e 
c o n d u c t e d wi th and wi thou t r e m o v a l of t h i s b o u n d a r y l a y e r . A r e p o r t d e s c r i b i n g 
the e x p e r i m e n t a l p r o c e d u r e and s u m m a r i z i n g t h e r e s u l t s of t h e t e s t s c o n d u c t e d so 
f a r , i s b e i n g p r e p a r e d . 
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P L A N S 

The a n a l o g y e x p e r i m e n t s of g r a v i t y s u r f a c e w a v e s on w a t e r and g a s f low in p i p e s 
wi l l b e u n d e r t a k e n s o o n . It i s a l s o p l a n n e d to i n v e s t i g a t e t he Bod ine f r e e - p i s t o n t ype 
p u l s e j e t , f o l l owing a s u g g e s t i o n by t h e N a v y B u r e a u of A e r o n a u t i c s . P r e l i m i n a r y e x -
p e r i m e n t s r e p l a c i n g t h e p i s t o n by t h e m e m b r a n e of a l o u d s p e a k e r i n d i c a t e t h a t s u c h 
a s y s t e m d e v e l o p s m e a s u r a b l e t h r u s t a t a c e r t a i n f r e q u e n c y . When the p ipe i s f i l l e d 
wi th s m o k e , a d e f i n i t e j e t f o r m s a t t h a t f r e q u e n c y . F u r t h e r s t udy of t h i s p h e n o m e n o n 
by m e a n s of s t r o b o s c o p i c o b s e r v a t i o n and t h e o r e t i c a l t r e a t m e n t b a s e d on the m e t h o d 
of c h a r a c t e r i s t i c s i s p l a n n e d . 

T h e t h e o r e t i c a l a n d e x p e r i m e n t a l s t udy of u n s t e a d y f l o w in d i f f u s e r s wi l l be c o n t i n -
u e d . T h e i n v e s t i g a t i o n wi l l b e e x t e n d e d to c o v e r t he c a s e s of s h r o u d e d p u l s e j e t d i f -
f u s e r s and of d i f f u s e r s of p u l s e j e t s h r o u d s . 

P H A S E 2 

In c o n n e c t i o n wi th p u l s a t i n g j e t e n g i n e s : t o s tudy the t h e o r y of c o m b u s t i o n , e f f e c t 
of t u r b u l e n c e on f l a m e p r o p a g a t i o n and coo l i ng , a n d to v e r i f y and a u g m e n t e x i s t i n g 
t h e o r i e s b y m e a n s of e x p e r i m e n t a l i n v e s t i g a t i o n of i g n i t i o n , c o m b u s t i o n , f l a m e h o l d -
ing , f l a m e p r o p a g a t i o n , and c o o l i n g . 

SUMMARY 

T h e w o r k on the c o m b u s t i o n c h a m b e r wi th t he m a g n e t i c a l l y d r i v e n s p a r k h a s b e e n 
t e m p o r a r i l y d i s c o n t i n u e d b e c a u s e a s t r i k e i s s t i l l p r e v e n t i n g Ind iana S t e e l C o r p o r a -
t i o n f r o m d e l i v e r i n g t h e m a g n e t . A n e w e l e c t r o n i c f l a m e s p e e d r e c o r d e r to be u s e d 
in c o m b i n a t i o n wi th i o n i z a t i o n g a p s o r o t h e r d e t e c t i n g s y s t e m s f o r t h e s t u d y of f l a m e 
p r o p a g a t i o n in p i p e s h a s b e e n d e s i g n e d and i s u n d e r c o n s t r u c t i o n . It h a s not y e t b e e n 
p o s s i b l e to u s e t h i s d e v i c e f o r t he m e a s u r e m e n t of f l a m e s p e e d s , b e c a u s e of a d e l a y 
in t h e d e l i v e r y of t h e r e q u i r e d o s c i l l o g r a p h . 

A s t u d y of f l a m e p r o p a g a t i o n u n d e r t u r b u l e n t c o n d i t i o n s w a s u n d e r t a k e n , fo l lowing 
a n o v e l m e t h o d of a p p r o a c h . A l a m i n a r B u n s e n b u r n e r f l a m e i s d i s t u r b e d by m e a n s 
of a n a l t e r n a t i n g e l e c t r i c f i e l d o r sound w a v e s . B o t h f r e q u e n c y and i n t e n s i t y of t h e s e 
d i s t u r b a n c e s can be m e a s u r e d and v a r i e d . P h o t o g r a p h s of t he d i s t u r b e d f l a m e f r o n t 
c a n b e u s e d t o m e a s u r e i t s s u r f a c e and to s t u d y t h e m e c h a n i s m of p r o p a g a t i o n of p a r -
t i c u l a r t y p e s of d i s t u r b a n c e s . T h e s e e x p e r i m e n t s l ed t o t he d i s c o v e r y of a n e l e c t r i c 
f l a m e ho ld ing e f f e c t . 

A b u r n e r a n d i t s i n s t r u m e n t a t i o n h a v e b e e n i n s t a l l e d f o r t h e p u r p o s e of i n v e s t i g a -
t ing t h e p o s s i b l e c a t a l y t i c i n f l u e n c e of c o m b u s t i o n c h a m b e r wa l l m a t e r i a l . T h e d e -
s i g n of t h i s a p p a r a t u s i s e s s e n t i a l l y d e s c r i b e d in t h e p r e v i o u s Q u a r t e r l y R e p o r t . In 
t r i a l r u n s in I n c o n e l , 4130 s t e e l , and 304 s t a i n l e s s s t e e l t u b e s , only v a g u e e v i d e n c e 
of b r o a d e n i n g of t h e f l a m e f r o n t wi th i n c r e a s e d f u e l i n - p u t h a s b e e n o b t a i n e d . T h e 
d a t a m o r e n e a r l y c o i n c i d e wi th t h e b e h a v i o r t o be e x p e c t e d , if t he c o n c e p t of i n s t a n -
t a n e o u s b u r n i n g in a n a r r o w f l a m e f r o n t w a s in e f f e c t . 

S o m e w o r k h a s b e e n done t o w a r d t h e d e v e l o p m e n t of m e t h o d s f o r m e a s u r i n g the 
a m o u n t of h e a t r e l e a s e in c o m b u s t i o n and i t s t i m e f a c t o r s . 

T h e p r e p a r a t o r y w o r k f o r t h e f i r s t i s s u e of t h e I n s t r u m e n t a t i o n B u l l e t i n w a s c o m -
p l e t e d and p l a n s w e r e m a d e by t h e I n s t r u m e n t a t i o n P a n e l f o r f u t u r e o r g a n i z a t i o n of 
t h i s w o r k . A r e p o r t w a s p r e p a r e d on t h e p r e v i o u s s tudy of t he r e q u i r e d f r e q u e n c y 
r e s p o n s e of p r e s s u r e p i c k u p s f o r p u l s e j e t s . 
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D u r i n g t h e f i r s t e x p e r i m e n t s wi th t he i o n i z a t i o n g a p s to m e a s u r e f l a m e p r o p a g a -
t ion v e l o c i t i e s it b e c a m e c l e a r t h a t t he g a p s did not b e c o m e d e i o n i z e d q u i c k l y enough 
to m a k e t h e p o s i t i o n of t h e o s c i l l o g r a p h t r a c e s t e a d y . To e l i m i n a t e t h i s e f f e c t , d e f -
in i t e p u l s e s w e r e i n t r o d u c e d in t he o s c i l l o g r a p h by an e l e c t r o n i c d e v i c e . A c i r c u i t 
w a s d e s i g n e d wh ich wi l l t r i g g e r t h e s i n g l e s w e e p e a c h t i m e t h e f l a m e r e a c h e s one of 
t h e g a p s . The length-of t h e t r a c e d e p e n d s t h e n on t h e t i m e r e q u i r e d f o r t he f l a m e to 
t r a v e l b e t w e e n t h e g a p s . In a d d i t i o n , s u c c e e d i n g s w e e p s a r e s l i g h t l y d i s p l a c e d v e r -
t i c a l l y f r o m e a c h o t h e r , so t ha t c o n s e c u t i v e t r a c e s a r e s e p a r a t e d . T i m i n g wi l l be 
a c h i e v e d b y m o d u l a t i o n of t he b e a m i n t e n s i t y . T h i s i n s t r u m e n t m a y be bu i l t f o r a n y 
d e s i r e d n u m b e r of i o n i z a t i o n g a p s . A t r i a l c i r c u i t i s now b e i n g b u i l t . O t h e r f l a m e 
d e t e c t i o n m e t h o d s , s u c h a s t h e C a l c o t e d e t e c t o r d e v e l o p e d by P r i n c e t o n U n i v e r s i t y , 
a r e a l s o b e i n g s t u d i e d . A l t h o u g h m u c h m o r e e l a b o r a t e t h a n the s i m p l e i o n i z a t i o n 
g a p s , t he C a l c o t e d e t e c t o r m a y be u s e f u l in c h e c k i n g w h e t h e r i o n i z a t i o n g a p s i n t e r -
f e r e wi th f l a m e p r o p a g a t i o n in a n y w a y . 

T h e p r o b l e m of f l a m e p r o p a g a t i o n u n d e r t u r b u l e n t c o n d i t i o n s w a s a t t a c k e d by m e a n s 
of an i n d i r e c t a p p r o a c h . It w a s f e l t t h a t t h e d e f o r m a t i o n t o wh ich a f l a m e f r o n t i s 
s u b j e c t e d in a t u r b u l e n t f l o w i s t oo c o m p l i c a t e d to a l l o w a q u a n t i t a t i v e i n v e s t i g a t i o n 
of t h e p h e n o m e n a i n v o l v e d . In o r d e r to i n v e s t i g a t e f l a m e f r o n t s d i s t o r t e d in a s i m -
p l e r w a y , a s t udy of B u n s e n b u r n e r f l a m e s s u b j e c t e d to p e r i o d i c a l d i s t u r b a n c e s w a s 
s t a r t e d . It i s hoped t h a t t h i s m e t h o d wi l l a l l o w a c h e c k on t h e a s s u m p t i o n s upon 
w h i c h p r e s e n t t h e o r i e s of f l a m e p r o p a g a t i o n in t u r b u l e n t s t r e a m s a r e b a s e d , and wi l l 
p r o v i d e i n f o r m a t i o n f o r m o d i f y i n g and i m p r o v i n g the t h e o r y . 

A l t e r n a t i n g e l e c t r i c a l f i e l d s a n d sound w a v e s w e r e c h o s e n a s m e a n s f o r c r e a t i n g 
t h e d i s t u r b a n c e s . T h e e l e c t r i c a l f i e l d i s a p p l i e d b e t w e e n t h e m e t a l l i c b u r n e r n o z z l e 
a n d a s p h e r i c a l e l e c t r o d e l o c a t e d c l o s e t o t h e o u t e r f l a m e c o n e . T h e a c c o u s t i c a l 
d i s t u r b a n c e s a r e c r e a t e d by m e a n s of a l o u d s p e a k e r . T h e f l a m e i s o b s e r v e d t h r o u g h 
a s t r o b o s c o p i c d i s c . S y n c h r o n i s m of t h e d i s t u r b a n c e wi th t h e d i s c w a s found i n d i s -
p e n s a b l e f o r p h o t o g r a p h i c a l r e g i s t r a t i o n of t he f l a m e p a t t e r n . It w a s a c h i e v e d by d e -
r i v i n g t h e v o l t a g e s f ed t o t h e l o u d s p e a k e r , o r t o t he h i g h v o l t a g e t r a n s f o r m e r , f r o m 
t h e a m p l i f i e d output of a p h o t o e l e c t r i c c e l l e x p o s e d t o a l igh t b e a m i n t e r r u p t e d by t h e 
d i s c . A s t a n d i n g w a v e p a t t e r n a p p e a r s on t h e s u r f a c e of t h e d i s t o r t e d i n n e r f l a m e 
c o n e o b s e r v e d t h r o u g h t h e s t r o b o s c o p e . M e a s u r e m e n t s of t h e w a v e l e n g t h s of t h e 
p a t t e r n s i n d i c a t e t h a t t h e d i s t u r b a n c e s t r a v e l u p w a r d s a l o n g t h e cone wi th a v e l o c i t y 
a p p r o x i m a t e l y e q u a l t o t h e s t r e a m i n g v e l o c i t y of t h e g a s . A r e a m e a s u r e m e n t s of t h e 
d i s t o r t e d cone s u r f a c e s a r e now u n d e r way , w h i c h so f a r s e e m to c o n f i r m t h e t h e o -
r e t i c a l p r e d i c t i o n t h a t t he b u r n i n g v e l o c i t y i s i n d e p e n d e n t of a m p l i t u d e , p h a s e , and 
f r e q u e n c y of t h e d i s t u r b a n c e , f o r c o n s t a n t m i x t u r e c o m p o s i t i o n . 

Whi le i n v e s t i g a t i n g t h e i n f l u e n c e of a. c . f i e l d s on f l a m e s , it w a s o b s e r v e d t h a t t h e 
b l o w - o f f l i m i t of B u n s e n f l a m e s w a s r a i s e d by t h e f i e l d . The s a m e e f f e c t w a s a l s o 
o b s e r v e d wi th d. c . f i e l d s if t h e n o z z l e w a s m a d e t h e n e g a t i v e e l e c t r o d e . An i n c r e a s e 
of t h e g a s f l o w v e l o c i t y a t b l o w - o f f by a f a c t o r of two cou ld be achi-aved wi th t he h i g h -
e s t f i e l d s o b t a i n a b l e . T h e u p p e r l i m i t w a s r e a c h e d when s p a r k i n g a t t h e e l e c t r o d e s 
s e t i n . A t e c h n i c a l r e p o r t c o v e r i n g t h i s i n v e s t i g a t i o n i s b e i n g p r e p a r e d . 

A 6 " x 4 " e n g i n e w a s d e s i g n e d a n d bu i l t , t o be u s e d a s a w o r k i n g p u l s e j e t m o d e l 
f o r e x p l o r a t o r y e x p e r i m e n t a t i o n and a s a t e s t v e h i c l e f o r r e e d d e s i g n s and m a t e r i a l s . 



D i f f i c u l t i e s w e r e e n c o u n t e d in o b t a i n i n g p r o p e r f u e l - a i r m i x i n g f o r s a t i s f a c t o r y o p -
e r a t i o n . In g e n e r a l , c o m m e r c i a l f u e l n o z z l e s (which h a v e b e e n t r i e d in n u m e r o u s 
a r r a n g e m e n t s ) d id not a p p e a r t o be s a t i s f a c t o r y f o r i n t e r n a l f u e l i n j e c t i o n . O t h e r 
m e t h o d s f o r i n t e r n a l f u e l i n j e c t i o n a r e be ing i n v e s t i g a t e d . 

C o m m e r c i a l f u e l n o z z l e s l o c a t e d o u t s i d e of t he c o m b u s t i o n c h a m b e r u p s t r e a m of 
t he i n t a k e v a l v e s p r a y i n g d i r e c t l y in to t he i n t a k e v a l v e gave good p e r f o r m a n c e . With 
s u c h a c o n f i g u r a t i o n , a f u e l s p e c i f i c i m p u l s e of o v e r 1000 s e c o n d s w a s r e a l i z e d in 
s t a t i c o p e r a t i o n . 

A b u r n e r a n d i t s i n s t r u m e n t a t i o n h a v e b e e n i n s t a l l e d f o r t h e p u r p o s e of i n v e s t i g a -
t i n g t h e p o s s i b l e c a t a l y t i c i n f l u e n c e of c o m b u s t i o n c h a m b e r w a l l m a t e r i a l . T h e b u r n -
e r i s c o m p r i s e d of a l / 2 " t u b e (only m e t a l s h a v e b e e n t e s t e d to da t e ) wh ich i s i n s u -
l a t e d on a l l s i d e s b y a t l e a s t 10" of S i l - O - C e l . A f l a m e a r r e s t e r , c o m p o s e d of n u -
m e r o u s s t a i n l e s s s t e e l d i s c s , w a s l o c a t e d in t he tube and a d j u s t e d so t ha t t h e f l a m e 
f r o n t would f a l l w e l l w i th in t h e i n s u l a t e d z o n e . T h r o u g h a s m a l l .side a r m w e l d e d to 
t h e t ube j u s t d o w n s t r e a m f r o m the f l a m e a r r e s t e r , a n i g n i t e r a n d a f l a m e h o l d e r w e r e 
i n s e r t e d . B e g i n n i n g a t t he f l a m e a r r e s t e r , t h e r m o c o u p l e s w e r e a t t a c h e d to t h e o u t e r 
s u r f a c e of t h e t u b e a t 2" i n t e r v a l s on t h e u p s t r e a m half of t he t u b e and 3M i n t e r v a l s 
on t h e d o w n s t r e a m half of t h e t u b e . T h e s e w e r e u s e d t o r e c o r d t h e g a s t e m p e r a t u r e 
in l i e u of a t h e r m o c o u p l e p r o b e , b e c a u s e c a l c u l a t i o n s h a d shown t h a t a p r o b i n g t h e r -
m o c o u p l e would r e a d e s s e n t i a l l y the wa l l t e m p e r a t u r e when u s e d u n d e r t he e m p i r i c -
a l c o n d i t i o n in t he b u r n e r , n a m e l y , a n a r r o w t u b e o p e r a t i n g a t e q u i l i b r i u m c o n d i t i o n s . 

A p r e - m i x e d f u e l w a s s u p p l i e d t h r o u g h a s e r i e s of v a l v e s so t h a t a wide v a r i a t i o n 
in g a s v e l o c i t y c o u l d be o b t a i n e d f o r a n y g iven a i r / f u e l r a t i o . A h y d r o c a r b o n g a s , 
N a t o x o l i n e , w h i c h i s e s s e n t i a l l y p r o p a n e , and c o m p r e s s e d a i r w e r e i n d i v i d u a l l y m e -
t e r e d t h r o u g h t h e b u r n e r . T h i s f u e l supp ly w a s s u f f i c i e n t l y v e r s a t i l e so t h a t w ide 
v a r i a t i o n s in t h e a i r / f u e l r a t i o a n d in t h e t o t a l a m o u n t of f u e l s u p p l i e d to t h e b u r n e r 
cou ld b e r a p i d l y v a r i e d . 

N u m e r o u s t e s t s h a v e b e e n r u n in t h e I n c o n e l b u r n e r . T h e w a l l t e m p e r a t u r e s a t v a -
r i o u s p o s i t i o n s a long t h e t u b e h a v e b e e n r e c o r d e d and p l o t t e d a g a i n s t t ube l e n g t h . 
P l o t t i n g t h e s e t e m p e r a t u r e s in t h i s m a n n e r p r o d u c e a g r a p h w h i c h r i s e s s h a r p l y to 
a m a x i m u m and t h e n g r a d u a l l y r e c e d e s . A s t h e v e l o c i t y i n c r e a s e d , t he p o s i t i o n of 
m a x i m u m t e m p e r a t u r e m o v e d d o w n s t r e a m . No b r o a d e n i n g of t h e m a x i m u m t e m p e r -
a t u r e z o n e w a s o b s e r v e d . 

V a r i o u s t y p e s of flame h o l d e r s h a v e b e e n i n t r o d u c e d in to t h e b u r n e r to ho ld t h e 
f l a m e a t a f i x e d po in t a n d , t h u s , t o f a c i l i t a t e b r o a d e n i n g of t he a r e a of m a x i m u m t e m -
p e r a t u r e . T h e f l a m e h o l d e r s w e r e e i t h e r m e t a l o r r e f r a c t o r y . C y l i n d r i c a l , c o n i c a l , 
a n d h e m i s p h e r i c a l s h a p e s w e r e t r i e d . A w i r e co i l w a s a l s o t e s t e d , a s w a s a c y l i n -
d r i c a l f l a m e h o l d e r in w h i c h an a c e t y l e n e p i l o t l igh t w a s i n s e r t e d . None of t h e s e h a v e 
p r o v e d s u c c e s s f u l , f o r t h e m a x i m u m t e m p e r a t u r e z o n e s t i l l m o v e d d o w n s t r e a m wi th 
i n c r e a s e d f u e l i n p u t . A c y l i n d r i c a l p o r c e l a i n f l a m e h o l d e r w i th a c r o s s s e c t i o n s i m -
i l a r t o t h a t of a c a p i t a l D, w a s u s e d a s a s t a n d a r d f o r f u r t h e r t e s t s . 

T e s t s w e r e r u n in w h i c h t h e a i r / f u e l r a t i o w a s m a i n t a i n e d c o n s t a n t and t h e f u e l 
inpu t w a s g r a d u a l l y i n c r e a s e d . A f a m i l y of c u r v e s , wa l l t e m p e r a t u r e v e r s u s t ube 
p o s i t i o n , w a s p l o t t e d . T h e i n i t i a l s l o p e of e a c h m e m b e r of t h e f a m i l y w a s n e a r l y t he 
s a m e . T h i s i n d i c a t e s t h a t i n s t a n t a n e o u s b u r n i n g of t he g a s i s t a k i n g p l a c e and t h a t 
end e f f e c t s a r e b e i n g i n t r o d u c e d b y the d o w n s t r e a m end of t he t u b e . The p o s i t i o n of 
m a x i m u m w a l l t e m p e r a t u r e w a s a f u n c t i o n of g a s v e l o c i t y . 

M a i n t a i n i n g the a i r / f u e l c o n s t a n t a l s o d id not i n c r e a s e t he a r e a of m a x i m u m t e m -
p e r a t u r e n o r d id i t r e t a r d t h e c h a n g e in p o s i t i o n of t he m a x i m u m t e m p e r a t u r e a s t he 
v e l o c i t y w a s i n c r e a s e d . 
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N e x t , t e s t s w e r e r u n in wh ich the g a s v e l o c i t y and the a i r / f u e l r a t i o w e r e he ld c o n -
s t a n t in a n a t t e m p t to e s t a b l i s h f u l l e q u i l i b r i u m o v e r the l eng th of t he t u b e , a s we l l 
a s to b r o a d e n the z o n e of m a x i m u m t e m p e r a t u r e . A t h e r m o c o u p l e w a s i n s e r t e d in 
t h e S i l - O - C e l r e f r a c t o r y m a t e r i a l s u r r o u n d i n g the b u r n e r t u b e . T h i s t h e r m o c o u p l e 
w a s p l a c e d 1 - 1 / 4 " f r o m the wal l of t he tube a t a p o s i t i o n of m a x i m u m t e m p e r a t u r e . 
The t e s t w a s r u n f o r 2 - 1 / 4 h o u r s d u r i n g which r e a d i n g s w e r e t a k e n e v e r y 1/4 h o u r . 
A f t e r two h o u r s t he i n c r e a s e in t e m p e r a t u r e r e c o r d e d a t t he t h e r m o c o u p l e i m b e d d e d 
in t he S i l - O - C e l w a s n e g l i g i b l e and the d o w n s t r e a m t h e r m o c o u p l e s w e r e a l s o e s s e n -
t i a l l y c o n s t a n t . I n c r e a s i n g t h e l e n g t h of t i m e of t he t e s t did not i n c r e a s e t h e a r e a of 
m a x i m u m t e m p e r a t u r e n o r did it p r o d u c e a n y a p p r e c i a b l e c h a n g e in the type of 
c u r v e p r e v i o u s l y o b t a i n e d . 

The 2 - 1 / 4 h o u r t e s t w a s r e p e a t e d a t a h i g h e r v e l o c i t y and a g a i n no f a v o r a b l e r e -
s u l t s w e r e o b t a i n e d . T h e r e s u l t s a t a h i g h e r v e l o c i t y w e r e s i m i l a r t o t h o s e p r e v i -
o u s l y d i s c u s s e d , e x c e p t t h a t t he z o n e of m a x i m u m t e m p e r a t u r e cou ld not be he ld a t 
a f i x e d p o i n t . With a l l c o n d i t i o n s he ld c o n s t a n t , t h e p o s i t i o n of m a x i m u m t e m p e r a -
t u r e s l o w l y m o v e d d o w n s t r e a m . 

A 4130 s t e e l l/2** d i a m e t e r b u r n e r t ube w a s c o n s t r u c t e d a n d t e s t e d . H o w e v e r , the 
t ube b u r n e d out b e f o r e any d a t a could be r e c o r d e d . 

A 304 s t a i n l e s s s t e e l l / 2 " d i a m e t e r b u r n e r t u b e w a s c o n s t r u c t e d and t e s t e d . T h e 
r e s u l t s o b t a i n e d w e r e v e r y s i m i l a r t o t h o s e ob ta ined wi th I n c o n e l . 

S o m e w o r k h a s b e e n done on t h e d e v e l o p m e n t of m e t h o d s f o r m e a s u r i n g the a -
m o u n t of h e a t r e l e a s e in c o m b u s t i o n and i t s t i m e f a c t o r s . The e x a c t e f f i c i e n c y of 
a w a t e r c o o l e d s a m p l i n g t u b e in f r e e z i n g the d i s s o c i a t i o n r e a c t i o n s of CO£ and H^O 
h a s b e e n m a s k e d by t h e d i f f i c u l t i e s e n c o u n t e r e d in e s t a b l i s h i n g a s a t i s f a c t o r y e q u i -
l i b r i u m m i x t u r e of e i t h e r of t h e s e g a s e s . P r e v i o u s l y r e p o r t e d a t t e m p t s to e s t a b -
l i s h a n e q u i l i b r i u m f o r CO2 w e r e only p a r t i a l l y s u c c e s s f u l . H e n c e , it w a s p l a n n e d 
to e l i m i n a t e t h e t r o u b l e s by u s i n g a n e w h igh t e m p e r a t u r e a p p a r a t u s . T h e e s s e n t i a l 
p a r t of t h i s a p p a r a t u s i s a n i m p e r v i o u s c e r a m i c U - t u b e which c a n be h e a t e d above 
2700 F . Such a t u b e h a s b e e n o r d e r e d , but d e l a y s in i t s d e l i v e r y h a v e p r e v e n t e d 
f u r t h e r e x p e r i m e n t a l e f f o r t s . 

C o n t r i b u t i o n s f o r t h e f i r s t I n s t r u m e n t a t i o n B u l l e t i n w e r e c o l l e c t e d , and a t a m e e t -
ing of t h e I n s t r u m e n t a t i o n P a n e l in New Y o r k on 16 J u n e , a s a m p l e i s s u e w a s a s s e m -
b l e d . T h i s , t o g e t h e r wi th r e c o m m e n d a t i o n s f o r t he ed i t i ng of f u t u r e i s s u e s , w a s 
s u b m i t t e d to t h e T e c h n i c a l C o m m i t t e e . 

P L A N S 

T h e a p p l i c a t i o n of s t r i a e and s h a d o w t e c h n i q u e s to t he w o r k on b u r n e r f l a m e s i s 
p l a n n e d , and the n e c e s s a r y e q u i p m e n t h a s b e e n o r d e r e d . E x t e n s i o n of t he r a n g e of 
f r e q u e n c i e s of t h e d i s t u r b a n c e s to v a l u e s c o r r e s p o n d i n g to wave l e n g t h s of t h e o r d e r 
of the t h i c k n e s s of t h e f l a m e f r o n t i s c o n t e m p l a t e d . In a d d i t i o n to f l a m e s s e a t e d on 
the n o z z l e , l i f t e d f l a m e s , e i t h e r b u r n i n g f r e e l y in t h e g a s s t r e a m o r he ld by a f l a m e 
h o l d e r , w i l l be i n v e s t i g a t e d . 

P H A S E NO. 3 

In c o n n e c t i o n wi th p u l s a t i n g j e t e n g i n e s ; To u n d e r t a k e e x p e r i m e n t a l i n v e s t i g a t i o n 
of t e m p e r a t u r e - a n d f a t i g u e - r e s i s t a n t m a t e r i a l s f o r i n t a k e v a l v e s and c o a t i n g s , and 
of f a b r i c a t i o n m e t h o d s and t e c h n i q u e s to c o v e r s a i d m a t e r i a l s . 
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PART I - VALVE MATERIAL STUDY 

SUMMARY 

Preliminary tests on the fatigue machine revealed some difficulties of operation 
which necessitated redesigning the machine and furnace for heating the speciments. 
The new machine has proven satisfactory.   Further testing is delayed pending arri- 
val of materials and parts. 

PROGRESS 
The pneumatic-resonant fatigue machine has been redesigned and constructed. 

The new machine eliminates the difficulties encountered in the use of the old design. 
Suitable adjustments were incorporated so that the nozzles can be adjusted verti- 
cally and rotated about a horizontal axis. These adjustments allow the nozzles to be 
aligned with the specimen regardless of the amplitude.   Difficulties were also en- 
countered with the use of the resistance wound furnaces.   The nichrome wire that 
was used has an operating temperature limit of 1800   F.   In order to obtain this 
temperature in the furnace chamber, the elements must be at a considerably higher 
temperature.   It was decided, therefore, to construct a furnace which will utilize 
Globars as a heat source.   The furnace is built and will be tested as soon as the 
Globars arrive. 

Lack of auxiliary equipment is still the major source of delay. The electronic 
tachometer has been received and the only other large piece of equipment that is 
needed is the temperature controller. 

A small Dyna-Jet model airplane power plant has been run for temperature de- 
terminations on the materials.   The Dyna-Jet was obtained with the thought that 
valve materials could be evaluated in actual operating conditions.   This was found 
to be impractical, due to the design difference involved. 

PLANS 

It is planned to start testing specimens of high temperature materials as soon as 
the complete unit is assembled.   Curves will be established for temperature versus 
fatigue life (amplitude constant for different materials) and amplitude or stress ver- 
sus fatigue life (temperature constant).  From these curves and data accumulated 
from high temperature tensile tests, a correlation between high temperature tensile 
strength and high temperature fatigue life should become apparent for each given 
material.   Materials will also be compared with each other as to fatigue life at high 
temperature. 

PART II - HIGH TEMPERATURE METALLOSCOPE 

SUMMARY 

Improvements have been found necessary on both of the original designs of fur- 
naces, one of which was heated by induction and the other by resistance elements. 
Delivery of the optical equipment is the primary cause of delay at present. 
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PROGRESS 

The original microscope stage furnace heated with a resistance winding proved to 
be difficult to evacuate because of the gases that were absorbed and occluded in the 
refractories.  A new design was constructed in which all refractory insulation was 
placed outside the evacuated chamber.   This design eliminates the above difficulty 
and will attain temperature up to 2000   F.   The design for use with induction heating 
has also been improved and is now being constructed.   The brass top is being ground 
to match the tapered seal on the glass bottom.   Temperatures up to the melting 
point of the metal should be possible with this type of furnace. 

Some of the glassware for the vacuum system has arrived but the bulk of the aux- 
iliary equipment is still undelivered.   Delivery is expected on all items within the 
next sixty days. 

PLANS 
It is planned to start experimental work as soon as the optical system arrives and 

is assembled.   The resistance furnace will be used, and studies will be made of com- 
mon metals, such as steel and aluminum, at comparatively low temperatures (800°F 
to 1500°F).   When the technique is properly worked out, studies will be extended to 
high temperature alloys at elevated temperatures.   The induction heated furnace 
should be available by this time. 

54 

IV.VV.VA'.V.'-A VV V 



gffgggBBTOfW^ff'Tr'rT? r-: :- i-   .'   .'   • -   ■•   •   ■ ■   ■■     'l-l -'■■■-■ V   —■ -11   ■ '■  -■!   —T -T ' 

QUARTERLY PROGRESS REPORT 

1 July 1947 

PROJECT    SQUID 

Princeton University 
Princeton, N. J. 

Navy Department Contract 
N6ori-105, Task Order III 

55 



m^^~~ ■ pi ■ ■ ■ ii ii i ■ > >■ ■ ■ ii  

THE OFFICE OF THE PROJECT ORGANIZER 

This office has the responsibility under the Policy Committee for the overall co- 
ordination and management of Project SQUID.   In addition, the Technical Survey 
Group of this office has been undertaking certain technical work and technical liai- 
son duties. 

FIELD SURVEY REPORT 

The preparation of this report has been conducted by Engineering Research As- 
sociates, Inc. under a subcontract with Princeton University and is described under 
Task Order No. 2 with that organization. 

SPECIFIC PROBLEM 

Engineering Research Associates, Inc., shall prepare a Field Survey Report con- 
cerning the technical fields relating directly and indirectly toward the development 
of liquid rocket and pulse jet engines.   This report shall contain a detailed review 
of all existing work sponsored by Government agencies at the present time with a 
detailed presentation of the work with respect to cost, personnel and facilities, with 
consideration for related research projects in support of the specific development 
and production activities.   Upon completion of this report and the assembly of these 
data, the finished draft shall be submitted to Princeton University for printing. 

SUMMARY 

During this quarter the Technical Survey Group made up of ERA and Princeton 
personnel has visite.'. additional research facilities to complete the information nec- 
essary for preparing the Field Survey Report.   Rough drafts of each part of the sur- 
vey report were prepared during April and May; where possible these were checked 
for accuracy with the government contractors reported on and with authorities in 
each field for guidance on the presentation of the material.  Following numerous 
staff conferences with the Princeton members of the Technical Survey Group, the 
final form of the report was firmly established during May.  Final drafts of each 
part were prepared and submitted to Princeton on 16 June 1947.   These were re- 
viewed by members of the Policy Committee or their designated representatives. 
The changes suggested by these reviewers are now being incorporated into the re- 
port.  All of the corrected parts will be ready for editorial review by Princeton not 
later than 16 July; these will be forwarded immediately for printing.  Arrangements 
are niow being made for the selection of the printer. 
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PHASE NO. 1 

In connection with liquid rockets and pulsating jet engines; to investigate theoret- 
ically and experimentally 

(1) the stability of laminar boundary layer, 
(2) the interaction of boundary layer with external flow field at supersonic veloc- 

ities as it affects pressure distribution around bodies of revolution, airfoils, etc., 
and 

(3) interaction of shock waves in channels and diffusers. 

SUMMARY 

Construction of the supersonic wind tunnel has been started and considerable effort 
is being devoted to this assignment. 

Theoretical investigations are under way considering the problem of non-steady 
flow in a tube with heat addition. 

PROGRESS 

equipment and Building Alterations.  Alterations to the old Concrete Testing Lab- 
atory were completed" Concrete foundations were installed for the two Worthing- 

Ec 
ofat 
ton compressors and the driving motors, and this equipment was moved onto its 
foundations.   The electrical contractor has assembled all necessary equipment, and 
work on the electrical installation is expected to begin shortly.   Work has begun on 
the erection of the concrete platforms to which the air bottles will be bolted. 

Major details concerning the regulator-reducing valves and piping layout and fit- 
tings have been settled with the contractors. 

Two professional draftsmen are now employed full-time on the detailed design of 
the wind tunnel proper. 

Optical Apparatus and Instrumentation.   The Naval Gun Factory has made consid- 
erable progress on the fabrication of the plates for the 4" interferometer.   The tun- 
nel "windows** are first being finished to schlieren quality, but it is planned to re- 
finish the "windows** to interferometer quality next year. 

Schlieren apparatus and light sources for both large and small tunnels have been 
ordered.  Some thought is being given to detection of oxygen and nitrogen conden- 
sation in the supersonic nozzle by means of light scattered by the liquid droplets 
behind the condensation shock.  Such observations would supplement the schlieren 
photographs. 

Several concerns have submitted detailed specifications of sensitive pressure 
gauges, ahd these specifications are being studied.   Particular attention is being paid 
to the problem of measuring the low pressures over the upper surface of the test 
airfoils at high Mach numbers and high angles of attack.  (Theoretical calculations 
of the airfoil pressure distributions are now in progress). 

Pilot Tunnel.  A considerably more desirable location for the Pilot Tunnel has been 
found at one end of the horizontal firing range.   The detailed layout of the tunnel is 
completed, and a contractor selected who will fabricate the piping, fittings, and set- 
tling chamber.   The reducing-regulator valves have been ordered and should be del- 
ivered in a month. 
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THEORETICAL STUDIES 

Non-steady Flow in a Tube with Heat Addition.   A theoretical study is in progress 
to determine the physical phenomena that occur when heat is suddenly added to a 
section of a straight tube in which a gas is flowing with uniform velocity.   The an- 
alysis is based on the Riemann equations for plane wave propagation, with the heat 
addition terms retained.   These equations are integrated numerically by the method 
of characteristics. 

Of particular interest is the mechanism by which a new steady flow is established 
when sufficient heat is added to "choke" the original flow.   When the phenomena are 
better understood, the methods developed in the present investigation will be applied 
to the processes in the pulse jet tube.   It is hoped that the problem of a suitable mod- 
el for the flame motion, and therefore the heat addition, can be attacked with the aid 
of recent experimental data. 

PHASE NO. 2 

To study (1) the characteristics of combustion in high velocity fuel-oxidant streams, 
ignitibility, efficiency, after-burning, thrust, etc., (2) effects of sub-atmospheric 
pressures, (3) interactions between ionization and flame, (4) observation of optical 
and mass spectra, and (5) theory of adiabatic exothermic reaction. 

This phase is jointly sponsored with U. S. Bureau of Ordnance APL-JHU associated 
contract number NOrd-7920, Task PRN-3. 

SUMMARY 

Experimental and theoretical investigations are under way on burning velocities in 
Bunsen-type burners. 

Further work has progressed on addition agents as igniters for hydrocarbon vapors. 

Work has been undertaken on the development of new instrumentation for flame 
measurements. 

PROGRESS 

Experimental and theoretical work to date has been concerned with burning veloc- 
ities in Bunsen-type burners which are shielded to prevent access to external air. 
Feed rates are limited to the equivalent of Reynolds numbers below 2000 (laminar 
flow).   It appears that burning velocities are mainly determined by the rate of back- 
diffusion of atoms and radicals from the flame front.  As a first approximation the 
linear flow velocity, u, to the flame front, which is equivalent to the burning velocity, 
can be written 

, kCc D , 
u=   ( Q—) 

where 

k =   a reaction rate constant; 

C =   average concentration of reactant; 

o =   calculated equilibrium concentration of atom or radical in the 
flame front at flame temperature; 
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D s   coefficient of diffusion of atom or radical into unburned gas; 

Q =   amount of fuel or oxidant (whichever is less) in unit volume. 

Since hydrogen atoms diffuse most easily, ihey are of greatest importance.   Calcu- 
lations indicate a general dependence of burring velocity on the square root of  hy- 
drogen atom concentration as required. 

The effect of reducing the pressure is of interest.  Experiments indicate an increase 
in burning velocity within a limited range of pressure.   This is attributed to the in- 
crease in diffusion coefficient, D, which over-balances the decrease in H-atom con- 
centration. 

Substitution of helium for the nitrogen of air triples the burning velocity for hydro- 
carbons.  This is due mainly to the higher H-atom concentration, which in turn de- 
pends on the higher temperatures achieved on substitution of helium with a lower 
heat capacity. 

Attempts are being made to ignite hydrocarbon vapors ir air by means of addition 
agents.  Boron tri-ethyl vapor will ignite a butane-oxygen mixture.   However, a liq- 
uid mixture of boron tri-ethyl and pentane would not ignite when sprayed into air. 
Aluminum borohydride vapor will also ignite a butane-oxygen mixture provided there 
is moisture present. 

Two types of flame detectors have been devised.  In one of these the change in load- 
ing characteristics of a tank coil circuit on passage of the flame in a glass tube is 
used to trigger a timing circuit.  In the other, two strips of aluminum foil are wound 
around the glass tube.  One strip is connected through a 7 megohm resistance to one 
side of a 700-volt power supply.   The other side of the power supply and the other 
strip are grounded.  Passage of the flame produces a pulse (presumably due to ion- 
ization) which again triggers the timing circuit. 

Work is also going forward on optical spectra; and in addition the utility of a heli- 
um-detecting mass spectrograph in being investigated. 
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