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ABSTRACT 

Various continuous flow hypersonic wind-tunnel testing facilities are 

discussed in general and the possibility of employing the exothermic decom¬ 

position of nitrous oxide to generate high temperature air is considered in 

detail. The feasibility of establishing high enthalpy air streams by mixing 

pre-heated nitrous oxide with a hot stream of nitrogen which was heated sep¬ 

arately to temperatures ranging from 1033°K to 1264°K was investigated ex¬ 

perimentally. The temperatures of the pre-heated nitrous oxide ranged from 

8?50K to 1055°K. After the decomposition of the nitrous oxide the gas mix¬ 

ture attained temperatures between 859°K and l807°K. When the decomposition 

process was incomplete the reacted gas contained a substantial quantity of 

nitrogen dioxide and nitrogen tetroxide. On the other hand only about 1% 

of these products was formed when the reaction went to completion. The 

highest temperature of the reacted products amounted to l807°K which indi¬ 

cates that nearly 8of0 of the theoretical temperature rise was obtained. 
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SECTION I 

INTRODUCTION 

The need for laboratory simulation of hypersonic flight and re-entry 

into the earth's atmosphere has resulted in the continued development of 

ground based laboratory facilities. The simulation of the conditions en¬ 

countered during re-entry and hypersonic flight within the earth's atmos¬ 

phere requires high-enthalpy air flows. Some of the various methods cur¬ 

rently in use to generate high-enthalpy flows with seme of their limita¬ 

tions are shown in Table 1. 

The experimental facilities fall into two categories: continuous flow 

facilities and short duration or intermittently operated facilities. Al- 

through intermittently operated facilities such as the shock tube t shock 

tunnel, arc-discharge tube, and the hypervelocity gun range provide many 

valuable results, for more reliable measurements it is desirable to estab¬ 

lish steady flows to permit equilibrium to be established. Stagnation 

pressures and temperatures must be sufficiently high to permit not only 

Mach number simulation but also adequate Reynolds number simulation. 

Continuous flow facilities include wind tunnels employing electrical 

resistance heaters, pebble-bed heaters and electrical arc heating. Since 

no heat transfer is required, combustion gases represent very effective 

sources of high enthalpies. Frequently their composition differs too much 

from that of the gas to be studied. However, in the case of nitrous oxide 

nitrogen mixtures a composition similar to that of air can be produced. 

This method has the advantage that pure nitrogen can be heated to higher 

temperatures than air since there is no oxidizing effect on the heater ele¬ 

ments. While air can be heated to about 1500 - l600°K, pure nitrogen can 

be heated to temperatures of approximately 3000°K by means of a graphite 

resistance heater (Ref. 1 & 2). 

SECTION II 

NITROUS OXIDE WIND TUNNEL 

The use of the exothermic decomposition of nitrous oxide as a possible 

supplementary heat source for hypersonic wind tunnels was first considered 

by Sabol and Evans (Ref. 3). From a theoretical viewpoint the use of ni¬ 

trous oxide in hypersonic testing facilities is very appealing. The decom¬ 

position is exothermic and releases approximately 20,000 cal/mole (Ref. 4). 

If one assumes complete decomposition into nitrogen and oxygen a temperature 

rise of approximately 1500°K can be achieved. The results of thermodynamic 

calculations for the decomposition of pure nitrous oxide are shown in 

Manuscript released by the author (December, 1965) for publication as an 

ARL technical report. 

1 



Figure 1. However, the products of the decomposition do not form a gas mix¬ 
ture like air. The mixture is deficient in nitrogen when compared to stand¬ 
ard argon-fr*3 air (i.e. approximately 79^ N2 and 2l£ 02). Addition of high 
temperature Itrogcn to the decomposit-ion products can bring the nitrogen- 
oxygen ratio to the correct value. To properly evaluate the possibility of 
employing nitrous oxide it is necessary to determine the rate of the reaction 
at various pressures and temperatures and the effect of nitrogen addition 
on the decomposition process. 

Previous investigations of the mechanisms of the decomposition of ni¬ 
trous oxide (Ref. 5“15) have been helpful in designing the apparatus for 
this study. Since a steady-state wind tunnel configuration must provide a 
continuous flow of air, information concerning the constant pressure decom¬ 
position of nitrous oxide in a flowing system is necessary. In this respect, 
the preliminary study by Sabol and Evans was inconclusive. 

Additional feasibility studies were conducted by Thomas (Ref. 12, 13) 
who heated a nitrous oxide stream by conventional electri -ol resistance 
heaters. It was found that adequate control of the reaction in this heater 
was extremely difficult if not virtually impossible. The nitrous oxide de¬ 
composed in the eddy region behind the heater wires and transferred energy 
to the wires causing them to melt. Subsequent experiments were conducted 
with the electrical resistance heater employed primarily as a nitrous oxide 
pre-heater in conjunction with an alumina pebble-bed as a reaction chamber. 
Adequate control of the reaction could be maintained with this configura¬ 
tion. Indirect measurements indicated local temperatures in excess of 
2000#K. However, the formation of large quantities of intermediate oxides 
of nitrogen, such as NO and N02 created an objection to the use of nitrous 
oxide in hypersonic wind tunnels. No specific gas analyses were made. 

The results of subsequent experiments conducted at this laboratory 
(Ref, 8, 14) have indicated that at a pressure of 11,2 atmsopheres approxi¬ 
mately 5$ by volume of NO and N02 is formed. This percentage may not be a 
severe limitation since equilibrium air at 2500°K has approximately 2 to 
3$ NO (Ref. 16). Experiments also were conducted with a pre-mixed system 
of N20 + .88 N2. Again 3 to % N02 and NO appeared in the products. During 
all of the experiments a phenomena was observed which was very similar to 
flash back which occurs when the gas flow of burner flames is reduced. 
Theoretical considerations indicate that the rapid decomposition resembles 
a thermal explosion. However, the decomposition did not travel upstream. 
In view of this behavior it is preferable to preheat flowing nitrous oxide 
to a temperature just below the explosion limit (900-1000°K) and then mix 
it with nitrogen which has been heated to 3000°K. The temperature of the 
products of the reaction is approximately 2500°K. Of course the reaction 
must be complete before the gas mixture reaches the throat of the nozzle. 
Nitrogen temperatures of around 3000°K have been obtained on a continuous 
basis with a spiral graphite heater (Ref. 1-2). If the preheated nitrous 
oxide can be introduced close to the nozzle inlet the heat loss to the 
container walls may be reduced. 

Calculations of the temperature that can be obtained by the procedure 
were made for various nitrogen and nitrous oxide initial temperatures. The 
results are shown in Figure 2. Since the amount of nitric oxide formed dur¬ 
ing the decomposition does not appear to differ much from that of equilibrium 
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a±r, it was assumed for the purposes of the calculations that the resulting 

mixture had the composition of equilibrium air. The thermodynamic data for 
the calculations were obtained from (Ref. 4 and 1?). 

Since nitrous oxide cannot be heated to temperatures higher than lOOO'K 

without rapid decomposition, the final gas temperatures that can be estab¬ 

lished depend primarily on the temperatures to which the nitrogen can be 

heatec}. The final gas temperature can be maintained at a fairly constant 

value in a continuous-flow facility employing nitrous oxide. Furthermore, 

the gas flow is basically contaminant free. In contrast, gases heated in a 

pebble-bed contain a significant amount of contamination and the stagnation 
temperature decreases steadily. 

SECTIO*! Ill 

EXPERIMENTAL 

To avoid decomposition of nitrous oxide in the heater, separate heaters 

were used to heat flowing nitrogen and flowing nitrous oxide. The decomposi¬ 

tion of the nitrous oxide oocurs during the mixing process. Previous in¬ 

vestigations at this laboratory (Ref. 8, 14) gave evidence of a substantial 
effect of i.he tube walls on the reaction. It was not ascertained whether 

the decomposition at the wall was catalytic in nature or simply resulted 

from the high wall temperature. Since the flow was introduced in a tangen¬ 

tial manner, it is possible that because of the helical nature of the fir./ 

a considerably higher gas temperature existed in the region adjacent to the 

walls. In all cases much of the energy of the reaction was transferred 

directly to the walls so that all of the observed temperature rises were 

much less than the theoretically calculated values. 

As a result of these experiments it was felt that it would be advanta¬ 

geous to produce a decomposition reaction in a high temperature nitrogen 

stream. Provisions were made in the design to permit investigations at 

pressures up to 50 atmospheres. An existing high pressure Bunsen burner 

was modified for use in this study. 

Various methods of heating the nitrogen and nitrous oxide streams were 

considered. First, a coaxial heater was tried. A single heater element was 

wrapped around the central tube so that both streams were heated simultane¬ 

ously. However, this system did net allow adequate control over each ■'n- 
dividual stream. Therefore, two separate heaters were constructed. 

The nitrous oxide heater consisted of a 36 inch high-purity alumina tube 
with a one inch ID. The tube was wrapped externally with 12 gauge resistance 

wire. The resistance element was embedded in alumina cement to provide good 

thermal conductivity as well as to provide structural support for the ele¬ 

ment. The entire heater assembly was placed within a water cooled stain¬ 

less steel jacket and thermally insulated from the jacket with loose fibre- 

frax. It was found that rather poor heat transfer rates were obtained with 

this system. Therefore the heater was converted to a pebble-bed type 
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heater by placing small alumina pebbles in the heater section. This arrange¬ 

ment increased the heat transfer rates considerably. The temperatures of 

nitrous oxide at the exit of the heater was measured with a steel sheath 
platinum-13* rhodium thermocouple. 

Considerable difficulty was encountered in obtaining a heater for the 

nitrogen system. Initially, a heater similar to that for nitrous oxide was 

employed. However, since this heater was installed horizontally, whereas 

the nitrous oxide heater was installed vertically, pebbles could not be 

used. The heater wires burned out several times because the heat was not 

conducted away from the wires at sufficient rates. In an attempt to reduce 

the temperature gradient between the wires and the gas stream the heater 

coil was placed inside the alumina tube. Unfortunately, it was impossible 

to protect the exposed wire from mechanical and chemical damage. 

Temperature measurements were made at the exit of the heater and at 

the entrance to the mixing chamber. It was found that a significant amount 

of heat was lost in this region. For example, with an outlet temperr.ture 

at the heater of 1350*K a temperature of approximately 1050#K was obtained 

at the outlet of the transfer tube. Since a gas temperature of 1350°K 

apparently corresponded very closely to a wire temperature near the failure 

point, a significant increase in the maximum nitrogen temperature above 

1050*K was impossible. In an attempt to reduce the heat loss to these sur¬ 

roundings, a heater element was added to the transfer tube. This modifica¬ 

tion increased the maximum nitrogen temperature by approximately 100*K. 

Since nitrogen temperatures of at least 1300°K were needed this mode of 
heating was abandoned. 

It was decided to try a carbon element heater since carbon can be heated 

to 3000*K in oxygen-free gases. The usefulness of a carbon resistance ele¬ 

ment has been demonstrated (Ref. l). Because of low resistance of the car¬ 

bon element, a high current power supply had to be used to generate suffi¬ 

cient power in the heater element. Shreeve, et. al., (Ref. l) concluded 

that a heater with a spiral flow passage machined into a graphite rod which 

was slipped into a thin graphite cylinder would produce maximum heat trans¬ 

fer. To avoid the complex construction of such heater elements it was de¬ 

cided to try a straight carbon tube. Carbon was chosen instead of graphite 

because of its higher specific resistivity (nearly four times as high as 

that of graphite). Consequently, for a given geometrical configuration and 

current level the carbon element can handle four times as much power. A 

sketch of the element and the electrode clamp is shown in Figure 3* 

The outside diameter of the carbon element is l/2 inch. A l/U inch 

diameter hole was drilled axially through the rod. The effective resistance 

of the rod and clamp assembly was approximately 0.05 ohm. The total cur¬ 

rent loading on the elements varied from about 2100 amph/in.2 for an l8-inch 

heater to 2300 amphs/in.2 for a l4-inch heater. These current densities 

are somewhat above the recommended loading current but in order to obtain 

sufficient powtr input to the gas these current densities were necessary. 

Since the total length of the tube varied from l4 to 18 inches while the 

heated length ranged only from 11 to 15 inches, calculations of the Reynolds 

number of the gas flow indicated that nitrogen flow rates up to approximately 

200 cc/sec would be laminar. Flow rates of 157 cc/sec produced appreciably 
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lower temperatures at the heater exit than did higher flow rates; however, 
when the flow rate was increased the maximum gas temperature increased only 
about 100#K. When the flow rate was increased beyond about 600 cc/sec the 
exit temperature decreased. 

Details of the nitrogen heater and nitrous oxide heater are shown in 
Figure 4. The two gas streams are brought together perpendicularly to each 
other in a conicaa. nozzle. The gas mixture then passes into a stainless 
steel baffle system to insure proper mixing of the two streams. The reactor 
tube consists of a 1-inch ID alumina tube five inches long. The reactor 
tube is wrapped with heater wire to reduce the heat losses from the reactor 
to the ambient surrounding. A platinum/platinum - 13$ rhodium thermocouple 
was positioned at the outlet of the reactor to measure the reactive gas 
temperature. In addition, a vacuum sample system was provided to withdraw 
gas samples from the stream at the axial position of the thermocouple. Sub¬ 
sequent experiments were conducted with a thermocouple probe and a gas 
sample probe which could be positioned at various axial positions above the 
outlet of the baffles. 

SECTION IV 

EXPERIMENTAL RESULTS 

Experiments were initiated at atmospheric pressure with a total volume 
flow rate of one liter/sec. The individual flow rates of nitrous oxide and 
nitrogen amounted to 532 cc/sec and 468 cc/sec respectively. Temperature 
measurements and gas samples were taken at the exit of the zirconia mixer. 
Within the limited range of nitrogen temperatures possible with the resis¬ 
tance heater there was no appreciable decomposition at this probe position 
and flow rate. Since the distance from the point of mixing of the nitrogen 
and the nitrous oxide stream to the probe was very smal 1 (approximately l/4 
inch) the reaction times were quite small. In addition, the surrounding air 
provides an effective reaction quenching mechanism; hence, no apparent de¬ 
composition was observed. In order to produce decomposition a one-inch 
ID alumina tube 5-1/4 inches long was placed at the outlet of the zirconia 
mixer. This tube effectively prevented entrainment of air by the nitrous 
oxide-nitrogen mixture. The reactor tube was wrapped with an electrical 
resistance heater element and insulated to reduce the heat loss f.-om the 
gas. 

With this system it was observed that a homogeneous flow was extremely 
difficult to obtain. Samples taken in a given axial position at various 
radial positions from the tube centerline showed that mixing of the two gas 
flows was incomplete. To insure complete mixing of the nitrous oxide and 
nitrogen streams a steel baffle system was placed within the alumina reac¬ 
tor tube at the outlet of the zirconia mixer. This baffle consisted essen¬ 
tially of three plates positioned normal to the flow such that the increased 
turbulence would enhance the mixing of the gases. 
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Another factor to he considered is the residence time of the gas in 
the reactor* For a total flow rate of one liter/sec and at approximately 
HOv.*K the residence time of the gas was much less than the calculated de¬ 
composition half-life of nitrous oxide. For optimum results, considering 
the nitrous oxide decomposition half-life and the gecanetrical configuration 
of the reactor, a nitrous oxide flow rate of 8o cc/sec was found to provide 
acceptable residence times. However, this value corresponds to a nitrogen 
flow rate of 70 cc/sec which was considerably less than was desirable because 
of the heat transfer rates of the nitrogen heater system. It was found that 
a nitrogen flow rate of l4l cc/sec provided a go*, solution to the problem 
with regard to maximum residence time and optimum heat transfer character¬ 
istics for the nitrogen heater element. 

It was impossible to obtain an appreciable amount of decomposition of 
the nitrous oxide without the reactor tube heater section. Because of the 
secondary heating of the mixture it was impossible to determine the precise 
state at the entrance of the reactor tube. The mixer and associated heater 
played a very important role in the onset of significant decomposition. In 
some instances (e.g., when failure of the nitrogen heater caused a reduc¬ 
tion in the nitrogen temperature) the decomposition could be maintained on 
the steady state basis. During these experiments the nitrous oxide tempera¬ 
ture before mixing remained essentially constant, indicating that no reac¬ 
tions were occurring in the nitrous oxide heater section. 

The critical pre-heat temperature for the nitrous oxide at one atmos¬ 
phere was found to be in the temperature range between 973CK and 1023*K 
which is essentially in agreement with the results obtained in previous in¬ 
vestigations of the constant pressure decomposition of nitrous oxide at 
11.2 atmospheres (Ref. l4). At temperatures above 1023°K with constant 
power input to the nitrous oxide heater a steadily increasing exit tempera¬ 
ture was observed which was indicative of a reaction occuring in the pebble- 
bed nitrous oxide heater. These temperature rises were observed very care¬ 
fully and at no time caused a failure of the nitrous oxide heater. 

By means of the heater reactor tube it was possible to obtain an ap¬ 
parent decomposition "flame". The affluent gases were luminous, a charac¬ 
teristic which has been observed previously (Ref. 8 & l4). However, no 
distinct cone could be seen. Typical photographs of the decomposition flame 
are shown in Figures 5 and 6. These figures also show the effect of in¬ 
creasing nitrogen concentration at a nearly constant volume flow rate. For 
a mixture containing approximately 90¾ nitrous oxide the liminosity of the 
flame is quite intense. The intensity decreases as the nitrogen flow is 
increased. The color of the liminous reaction zone changed also. With 
nearly pure nitrous oxide the reaction zone looks deep reddish-orange, while 
with increasing concentrations of nitrogen it becomes very pale and yellow- 
green. The decompositions at lower initial temperatures were accompanied 
by a pale yellow-green reaction zone while the higher temperature reactions 
were characterized by a reddish-orange radiation. 

Many of the experiments were conducted with the thermocouple and the 
gas sampling probe positioned at the outlet of the reactor tube. The re¬ 
sults of these experiments are shewn in Table 2. In these experiments, the 
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maximum temperature was 1317*K and the decomposition was approximately 80$ 
complete. The measured temperature rise was less than 400°K whereas the 

theoretical temperature rise should have been 1000°K. Obviously, much heat 

is lost through the reactor tube. Subsequent experiments in which the ther¬ 

mocouple and gas sample probe were positioned in an axial position just 

downstream of the baffle system indicated much higher temperature rises as 

well as more nearly complete decompositions. An important factor in these 

reactions was the relatively high power input to the realtor tube producing 

higher baffle temperatures. This high power input produces a higher tem¬ 

perature rise as well as an increased reaction rate. This technique led to 

a maximum measured temperature of l807°K at a position approximately 1.0 

inch upstream from the reactor exit. 

The lowest concentration of N20 remaining in the reacted gas was ob¬ 

served for a final temperature of l6ll0K with 2.N20 by volume. The 

samples of gas taken at the outlet of the baffle system l/2 inch, 1 inch, 
and 1-1/2 inch downstream, respectively, gave interesting results. As we 

proceed downstream the temperature increases while the nitrous oxide con¬ 

centration decreases. In the initial stages of the decomposition reaction 

large amounts of NO or N02 are formed which decrease as the reaction goes 
more nearly to completion. At a temperature of 1224°K a maximum equilibrium 

temperature concentration of N02 + N2Û4 was noted. At a temperature of 

l6ll#K the lowest N02 concentration was observed and the reaction had pro¬ 
ceeded approximately 96¾ to completion. This effect had been observed pre¬ 

viously by Kauftaan et. al. (Ref. l8). 

SECTION V 

CONCLUSIONS 

The feasibility of employing nitrous oxide as an energy source for a 

hypersonic wind tunnel has been demonstrated by mixing a nitrous oxide 

stream of 950#K with a nitrogen stream heated to approximately 1200°K. The 

temperature of the mixture then increased by approximate1 y 1000#K because 

of the heat release by the nitrous oxide. A major draw-back to the use of 

nitrous oxide lies in the formation of the intermediate oxides of nitrogen. 

In the present arrangement the formation of these nitrogen oxides is quite 

small. Since the reaction proceeded nearly to completion at the nitrogen 

temperature levels involved (llOO - 1200°K), and the residence times con¬ 

sidered (approx. 0.02 second), the design of a system which utilizes the 
spiral graphite heater at nitrogen temperatures to 2000°K would result in 

extremely short reaction times. The reaction chamber could be small there¬ 

by reducing the heat losses from this chamber. On the other hand, the 

steady-state use of nitrous oxide in a wind tunnel system is very costly. 

To obtain high stagnation pressures (above 1000 PSl) nitrous oxide at high 

pressures must be available. 

In contrast, a system utilizing the separate heating of oxygen and 

nitrogen would be cheaper. It appears to be entirely possible to heat pure 
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oxygen to temperatures of 1500°K on a steady state basis with chrome-nickle- 

aluminum alloy resistance wires, while nitrogen can be heated easily to 

3000°K with spiral graphite heaters. Upon mixing, air temperatures of ap¬ 

proximately 2600°K can be produced on a steady-state basis with economical 
operation. This temperature is higher than the highest reached thus far 

with the nitrous oxide - nitrogen system. Various mixture temperatures for 

preheated oxygen-preheated nitrogen systems are given in Figure 7. Although 

the high cost of commercialiy available nitrous oxide is somewhat offset by 

the lower electrical energy requirements for the nitrous oxide-nitrogen 

system, it seems that the operational ease and the simpler containment prob¬ 

lem in the separate heating of nitrogen and oxygen would more thau compensate 

for this advantage. 

8 



REFERENCES 

1 

1. Shreeve, R. P., Lord, W. T., Boersen, S. J., and Bogdonoff, S. M., Int. 

J. Heat Mass Transfer, ¿, 108l (1962). 

2. Lord, W. T., Shreeve, R. P., and Boersen, S. J., Int. J. Heat Mass 

Transfer, ¿, 1095 (1962). 

3. Sabol, A. D., and Evans, J. S., Investigation of the Use of the Thermal 

Decomposition of Nitrous Oxide to Produce Hypersonic Flow of a Gas 

Closely Resembling Air, NACA TN 3624, March 1956. 

4. JANAF Interim Thermal Chemical Tables, Thermal Laboratory, The Dow 

Chemical Co., December, i960. 

5. Hunter, E., Proceedings of the Royal Society of London, Series A, 144, 

386 (1934). 

6. Krisjansons, J. 0., Bollinger, L, E., and Edse, R., Explosion Limit 

Studies of Nitrous Oxide and Nitrous Oxide - Nitrogen-Air Mixtures to 

200 Atm, and l80Q°R, Aeronautical Research Laboratories Technical 

Report ¿2-431, September I962. 

7. Laughrey, J. A., Bollinger, L. E., and Ease, R., Detonability of Nitrous 

Oxide at Elevated Pressures and Temperatures. Aeronautical Research 

Laboratories Technical Report 62-432, September I962. 

8. Fishburne, E. S. , Nicholson, J. R., and Edse, R., Studies on the De¬ 

composition of Nitrous Oxide, Aeronautical Research Laboratories Tech- 

nical Report 63-134, August, I963. 

9. Johnston, H. S., J. Chem. Physics, ¿2, 663-67, 1951. 

10. Fishburne, E. S#, and Edse, E., J. Chem. Physics, 4l, 1297 (1964). 

11. Jost, A., Michel, K. W., Trie, J., and H. Gf. Wagner, Detonation and 

Shock-Tube Studies of Hydrazine and Nitrous Oxide, Aeronautical Re¬ 

search Laboratories Technical Report 63-157, September, I963. 

12. Thomas, R. E., Experimental Study cf the Use of Nitrous Oxide in a 

Hypersonic Wind Tunnel, Aeronautical Research Laboratories Technical 

Report ¿3-420, 19¿2. 

13. Thomas, R. E., Feasibility Study of +he Use of Nitrous Oxide in a Hy¬ 

personic Wind Tunnel, Aeronautical Research Laboratories Technical 

Report 63-420, 1962. 

14. Nicholson, R. R., Fishburne, E. S., and Edse, R., The Constant Pressure 

Decomposition of Nitrous Oxide, NpO + .88N3, and NpO + Air Mixtures at 
11.2 Atmospheres and Initial Temperatures from 7J2*K to 1233flK, Aero- 

nautical Research Laboratories Technical Report 64-107, September, 1964. 



15. FishLurne, E. S., Bergbauer, D. M., and Edse, R., Shock Tube Decomposi¬ 

tion of Nitrous Oxide, Aeronautical Research Laboratories Technical 

Report, ARL 64-143, October, 1964. 

16. Gilmore, F. R., Equilibrium Composition and Thermodynamic Properties 

of Air to 24,000°K, USAF Project RAND, Research Memorandum RM - 1543, 

August 1955. 

17. Mollier Diagram for Equilibrium Air, Avco Research Laboratory, January, 

1957. 

18. Kauflnan, F., Gerri, N. J., and Bowman, R. N., J. Chem. Physics, 25, 

106, (1956). 

10 



11 

C
O
M
P
A
R
I
S
O
N
 
O
F
 
S
O
M
E
 
H
Y
P
E
R
S
O
N
I
C
 
T
E
S
T
I
N
G
 
F
A
C
 



/: 

R
e
a
c
t
o
r
 

T
u
b
e
 

P
o
w
e
r
 

(
v
a
t
t
s
)
 

! !f$MS8§888RR£88 
• I J-vo t—t-ifMA «r\ h- 

P
r
o
b
e
 

P
o
s
i
t
i
o
n
 

>}« t i t t t . s t t t t 'IS'l'S 
M rn CVJ <M H 

P
r
o
d
u
c
t
s
 
o
f
 
D
e
c
o
m
p
o
s
i
t
i
o
n
 

£ 

£ 

i Q> OJ vo rovo fO iH t^VO Ifv-d- ON^\ OJ 
O t Q3 t— (*)CQ 00 h—H H CO CO H OJ * • • 
•••••••.coiaH ir\C0-4; H O IA CO rovo 00 J-vo CO H 

H H H H 

% 

o 

i1 

vdiaonqj OJ eg o ^ coco co h vo h 0\ cvj -d- V7\ IA H O OJ CO IA ON OJ H VO vo 0\VO O IA CO • • • • •••• ••••••• •• 
O H CO IAVO -d- OJ1AHHJ-OJCOi-!H OJ 
OJCOtAlAlAOJOJH HHHOJOJCOOJ 

>p. 

HCOVgoJCOO-iAOJcgO-d-H ONÇO ON O H 
HiaHj-j-hcocohcohcoo-cNco coco • ••••••• ••••••••• 
¡¿<3 SäÄS Kâ PP 

S S £¡3 &S 31¾ £ $ fcS iJ SI 3 S; 3 
OJ H H H H H CO^t IA CO CO OJ CO IA CO VO 

J Eh w 
£*3 3-3 S/ h 3:3 h S’ 3eg 3 3 3¾ 
»»ass^ssidssisiaa»^^ 

C 
6;SSSS!,I53S3»S;P3SI«PP 

CO C\ ON O O ON CO UN O CO CO CO ON ON CO CO CO 
H H H 

i i’f 
CO QJ OJVOVD-d-VO OJ VO CO VO OJ OVD VO CO 

T
o
t
a
l
 

F
l
o
w
 

R
a
t
e
 

(c
c
/s

e
c
) 

§= = = = 8= = = = = = = = = = = 

12 

O 
H 

3 

S4 
& 

§ 
•H 
-P 
•H 
U) 

rö rH »0 

ëfl? 
O O H 

•H «H <Ü 
+3 +> W 
•H «H XI 
(0 10 O 

tí X> V 

R
E
S
U
L
T
S
 
O
F
 
E
X
P
E
R
I
M
E
N
T
S
 
W
I
T
H
 
P
R
E
-
H
E
A
T
E
D
 

N
I
T
R
O
U
S
 
O
X
I
D
E
 
A
N
D
 
P
R
E
-
H
E
A
T
E
D
 
N
I
T
R
O
G
E
N
 



IN
IT

IA
L
 

T
E

M
P

E
R

A
T

U
R

E
 -

 I
O

O
*K

 

FIGURE I. INITIAL «• FINAL TEMPERATURE OF A 
CONSTANT PRESSURE NjO DECOMPOSITION 

13 



N
IT

R
O

G
E

N
 

IN
IT

IA
L
 

T
E

M
P

E
R

A
T

U
R

E
 -

 (
*K

) 

14 



E
L

E
C

T
R

O
D

E
 

C
L

A
M

P
 

M*1 
z 

OÊ 

0d 
15 

F
IG

U
R

E
 

3.
 

C
A

R
B

O
N
 

H
E

A
T

E
R
 

E
L
E

M
E

N
T

 



hi ii i? lili 

l6 

F
IG

U
R

E
 

4
. 

C
R

O
S

S
-S

E
C

T
IO

N
A

L
 

V
IE

W
 

O
F
 

E
X

P
E

R
IM

E
N

T
A

L
 

A
P

P
A

R
A

T
U

S
 



Ul
9

o

V)z>
o
a:

O
N

UJ
9
X
o

to
D
O
(r

55
o
0»

UJ

s
<

z
o

t
<0

2

§ ^ Q o
z ^
UJ o
O o
O fO 

b UJ

UJ

X ^o 3
li.

o <
t o 
z »-

UJ
q;



r,..

V * ./

X
O
to
3
O
(T
H
Z

o
CVJ

Xo
{/)
3
O
q:
K

tn

tu
Z
<
_j
b.

2zoo
Uio

0 
q:

z
1

UJ9
g

o
UJ</)
>soa
o
0
K)

1
LU

q:

o
_ju.

o
oc

UJ
q:
3
O



FIGURE 7. MIXTURE TEMPERATURE VERSUS INITIAL NITROGEN TEMPERATURE 

19 



BLANK PAGE 



UNCLASSIFIED 
Security Clarification 

DOCUMENT CONTROL DATA • RAD 
(SueuHly clmtiHIcatlan of till*, body of tbtlrmet uñé Indtuini annotation aaiat ba antarad whan dta ovara!I raport la claaalllad) 

I. ORIGINATING ACTIVITY (Corporata author) 

The Ohio State University 

Research Foundation 
_Cnl iimhiiR nhio _ 

SO. REPORT ICCUNITV C L«MIRICATION 

tlnplftss-jf-i pH_ 
16 «ROUP 

n/a 
J REPORT TITLE 

AN EXPERIMENTAL INVESTIGATION UF THE USE OF NITROUS OXIDE IN HYPERSONIC WIND 
TUNNEL TESTING FACILITIES 

DESCRIPTIVE NOTES (Typa of raport and Inehialva dataa) 

Scientific _Interim 
S- AUTHORfS) (Laat nomo, tirai ñama, Initial) 

Nicholson, J. R., Fishburne, E. S., Edse, R. 

S REPORT DATE 

January 1966 
So. CONTRACT OR GRANT NO. 

AF 33(657)-8951 
a PROJECT NO. 7065 

•r 61445014 

* 681307 

7o. 

24 
76. NO. OP REPS 

.18. 
I. OP lRf*J 

Technical Report # 5 

66. 9THEN REPORT NOfSJ (Any othar manbara i 

ARL 66-0011 

I may ha aaal0tad 

10. AVAIL ABILITY/LIMITATION NOTICES 

Distribution of this documen t is unlimited. 

ta. SPONSORING MILITARY ACTIVITY 

Aerospace Research Laboratories (ARF) 
Office of Aerospace Research, USAF 
W riarht-Patters on AFB, Ohio 

19. ABSTRACT 

Various continuous flow hypersonic wind-tunnel testing facilities are dis¬ 

cussed in general and the possibility of employing the exothermic decomposition 

of nitrous oxide to generate high temperature air is considered in detail. The 

feasibility of establishing high enthalpy air streams by mixing pre-heated 

nitrous oxide with a hot stream of nitrogen which was heated separately to tem¬ 

peratures ranging from 1033°K to 1264°K was investigated experimentally. The 

temperatures of the pre-heated nitrous oxide ranged from 875°K to 1055°K. After 

the decomposition of the nitrous oxide the gas mixture attained temperatures be¬ 

tween 859°K and l807°K. When the decomposition process was incomplete the racted 

gas contained a substantial quantity of nitrogen dioxide and nitrogen tetroxide. 

On the other hand, only about 1$ of these products was formed when the reaction 

Wentot0 coniPletioP* The highest temperature of the reacted products amounted to 
1807 K which indicates that nearly 80y of the theoretical temperature rise was 
obtained. 

DD FORM 
1 JAN «4 1473 UNCLASSIFIED 

Security Classification 



UNCLASSIFIED 
Security CUtiification 

KEY «OROS 

Nitrous oxide 
High enthalpy wind tunnels 

LINK A 

ROLK «T 

UNK B 

NOLI WT 

LINK C 

ROLK **T 

INSTRUCTIONS 
!• ORIGINATING ACTIVITY: Enter the name end eddreae 
of the contractor, aubcontractor, grantee, Department of De- 
fenae activity or other organisation (corporate author) iaauing 
the report. 

2a. REPORT SBCUHTY CLASSIFICATION: Enter the oveiw 
all security claaaificetion of the report. Indicate whether 
"Restricted Data" ia included Marking is to be in accord 
anee with appropriate security regulations. 

2b. GROUP: Automatic downgrading ia specified in DoD Di¬ 
rective 5200.10 and Armed Forces Industrial Manual. Enter 
the group number. Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author¬ 
ised. 

3. REPORT TITLE: Enter the complete report title in all 
capi'al letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica¬ 
tion, show title classification ia all capitals in parenthesis 
immediately following the title. 

4. DESCRIPTIVE NOTES: If appropriate, enter the type of 
report, e.g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered 

5. AUTHOR(S): Enter the name(s) of authors) as ahown on 
or in the report. Enter last name, first name, middle initiaL 
If military, show rank end branch of service. The name of 
the principal «¡Ahor is an absolute minimum requirement 

6. REPORT DATE: Enter the date of the report as day, 
month, year; or month, year. If more than one date appears 
on the report, use date of publication. 

7s. TOTAL NUMBER OF PAGES: The total page count 
should follow normal pagination procedures, Le., enter the 
number of pages containing information. 

7b. , NUMBER OF REFERENCES Enter the total number of 
references cited in the report. 

8a. CONTRACT OR GRANT NUMBER: If ^propriété, enter 
the applicable number of the contract or grant under which 
the report was written. 

8b, 8c, h id. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi¬ 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers (either by the originator 
or by the eponeor), also enter this numberfs). 

10. AVAILABILITY/LIMITaTION NOTICES Enter any lim¬ 
itations on further dissemination of the report, other than those 

imposed by security classification, using standard statements 
such as: 

(1) "Qualified requesters may obtain copies of this 
report from DDG" 

(2) "Foreign announcement and dissemination of this 
report by DDC is not authorized. " 

(3) "U. S Government agencies may obtain copies of 
this report directly from DDC. Other qualified DDC 
users shall request through 

99 

(4) "Ü. S. military agencies may obtain copies of this 
report directly from DDC Other qualified users 
shall request through 

99 

(5) "All distribution of this report is controlle<L Qual¬ 
ified DDC users shall request through 

99 ■ » 

If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for sale to the public, indi¬ 
cate this fact and enter the price, if known. 

1L, SUPPLEMENTARY NOTES: Use for additional explana¬ 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay¬ 
ing lor) the research and development Include address. 

13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear eleewhere in the body of the technical re¬ 
port. If additional space is required, a continuation sheet shall 
be attached. 

It is highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end with 
an indication of the military security classification of the in¬ 
formation in the paragraph, represented as (TS). (S). (C). or (V). 

There is no limitation on the length of the abstract. How¬ 
ever, the suggested length is from ISO to 225 words. 

14. KEi WORDS: Key words are technically meaningful terms 
or short phrases that chi ractrrir* a report and may be used as 
index entries for cata lop >ort. Key words must be 
selected so that no se- s ication is required. Identi¬ 
fiers, such as equipmc ignation, trade name, militai 
project code name, i - .iron, may be used as key 
words but will be fc eu .ndication of technical con¬ 
text. The assignmei liru , rules, and weights is optional. 

UNCLASSIFIED 

Security Classification 




