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I. INTRODUCTION 

Ever since the first supersonic wind tunnels were put into 

operation, the stagnation or total temperature of the air has been 

one of the most important factors in their performance. It is 

interesting to note a rewof the past problems and compare them with 
'. 

temperature problems ot present wind tunnels. 

The first wind tunnel temperature problem was a result ot the 

phenomenon that, as air expands through a converging-diverging 

nozzle, the static temperature of the air is lowered considerably. 

Beoause of this, early wind tunnels with low stagnation temperatures 

(100 OF) experienced condensation etfects, that is, moisture 

appeared in the working section ot the wind tunnel. In order to 

eliminate this condensation, heaters of various types were placed 

in the stagnation chamber to raise the total temperature of the air. 

Later, a8 aircratt were developed that traveled at Mach numbers 

between 2 and S, it was noticed that the temperature of the leading 

edges ot these aircraft began to rise and approach values which 

were near the structural limits of the materials used in con-

struetion of the aircraft. Simulation ot this regime of flight in 

wind tunnels required that the wind tunnel stagnation temperature 

again be raised (1500-2500 OF). The wind tunnels with these stag-

nation temperatures require internal cooling of nozzle and test 

section walls. Finally, today. missiles or other vehicles entering 

the earth's atmosphere at very high speeds (26,000 Epa) may experience 



-5-

extreme temperatures of the order of 10,000-20,000 of. To simulate 

this extreme type of aerodynamio environment in a wind tunnel is a 

formidable task 'Which the aerodynamicist must undertake and solve. 

The problems encountered in the design ot a research facility 

capable ot producing atmospheric conditions eorresponding to re-entry 

can be categorized in two main groups. First, the methods tor 

producing such high temperature gas tlolfB are limited in number and, 

secondly, combining the requirements ot high tem.peratures with 

accurate scale-flow simulation we find that power input requirements 

can become prohibitive. 

Various methods tor producing high temperature gas flows have 

been proposed. References 1-6 present results ot investigations 

using several difterent types of shock tubes to produce high 

energy air. Shock tubes utilize a large amount of stored energy 

suddenly released to produce a high Mach number, quasi-steady gas 

ilow with a high stagnation enthalpy_ The flow duration, however, 

is usually ot the order ot are", JJdlli-seconds. Shock tubes are 

basically simple and easy to construct. They can be operated over 

a large range of stagnation conditions; but, the relatively short 

running time renders the collection of data difficult and becomes 

a limiting factor in the usefulness of this type of facility. The 

instrumentation of shock tubes i8 a problem ~ch has been solved 

by using special types ot measuring devices such as ionization 

probes and quick response pressure and temperature transducers. 
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Experiments performed in abock tubes include pressure distribution 

and heat transter studies, shock wave investigations and dissociated 

and ionized gas tlow studies. 

Anotber device 'Which operates in a manner similar to that of a. 

shock-tube i8 the hot-shot wind tunne17• This type ot wind tunnel 

stores a large amount of electrical energy which 1s released sudaenly 

and converted into internal energy ot the gas durlnga constant 

volume now process. This now is characterized by low density, 

high Mach numbers and high stagnation temperatures. Here, as in 

the shock tube, the running time is in mUli-seconds. and lilttta the 

practical us. of the hot-shot tunnel. Instrumentation is dittioult 

because ot the short running time and also because transient con

ditions exist throughout the duration ot the test. So tar, the 

only accurate data direotly obtainable trom hot-shot tunnel tests is 

pressure data. The power requirements tor a typical hot-shot 

tunnel (Mach 40) are of the order or one million joules. Power 

build-up is usually accomplished by charging a capacitor bank to a 

high potential so that energy is available by discharging all of 

the capacitors in the bank simultaneously. 

HYPer-velocity ballistic rang.s8 have excellent ability to 

simula.te very high speed (26,000 tpa) tree-tlight oonditions. A 

gas gun is used to tire a projectile down a ballistic range thereby 

simulating a vehiole in tree flight. This type of facility 

requires high speed photography and consequently timing and 

resolution problems are encountered. With the small size of 
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projectiles used in ballietic ranges, projectile instrumentation 1s 

impossible and intor.mation concerning the local temperatures and 

pressures is dif'tieult to obtain. 

other high temperature facilities utilizing pebble-bed heaters 

and rocket engine exhausts9 have been used for experimental testing. 

These particular facilities are complicated and are limited to low 

values and a small range ot the interesting stagnation conditions. 

Recently much emphasis and interest has been placed on the use 

of electric arcs to produce high enthalpy air for continuous-run 

wind tunnels. Experimenters have designed various types of these 

arc-heated. wind tunnels for use in government research,'private 

industry, or university laboratories. It appears that most of these 

wind tunnels are successful for the purpose tor which each one was 

designed. Almost allot the arc tunnels re})Orted in the literature 

are unique in design; however I each one of these fa.cilities haa as 

yet one common problem to overcome. This problem is the calibration 

of instrumentation to obta.in the now properties, which will be 

discussed later. Another problem which arises during the design 

stage of electric arc wind tunnels 1s the uncertainty of the 

electrical efficiency in the conversion of arc power to heat content 

or enthalpy of the gas. Referenoe 10 presents a very detailed 

Sll.DIl'l8.ry of the theory of electric arc breakdown plus results of 

experiments but does not mention electrical efficiency of this type. 

In reference 11 Brogan describes the construction of an electric 

arc wind tunnel to be used tor a.tmospheric re-entry research. This 
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facilitY' developed tor Aveo is or the continuous-run type and 

utilizes copper electrodes. The electric arc discharges into a 

stagnation region and raises the gas temperature. The gas then 

expands through a nozzle into a supersonic region. The temperatures 

and flow velocities which were thought to exist in this wind tunnel 

were in the vicinity of 15,000 or and 22,000 teet per second 

respectively. 

Another design for an electric arc wind. tunnel ia presented in 

reterence 12. TWs wind tunnel utilize. carbon electrodes and the 

are itself is water-stabilized. Because of the erosion ot the 

carbon electrodes, the anode in particular, the working gas is 

contaminated. This wind tunnel consequently is best suited tor 

heat transter studies where the important flow parameter is the 

heat content of the ga.. Later deSigns (reterence 13) are now 

using multiple electrode configurations which should permit more 

efficient energy conversion than with the single electrode con

figuration tor high pover levels. 

As mentioned earlier, existing calibration techniques for 

wind tunnel facilities with temperatures greater than 10,000 0, are 

far from being accura.te. The problem of obtaining the properties 

of these highly dissociated and ionized gas flows requires intor

mation pertaining to the fields of aerodynamics, phTsics, chemistry 

and electrical and mechanical engineering. It is interesting to 

note one method reported in reference 14 tor calibrating an electric 
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arc wind tunnel. This method concerns the effect of temperature 

on atomic and mleeular spectra.. Atomic spectral lines tend to 

broaden out due to high temperature a.nd a definite shirt occurs in 

the position of the line of maximum intensity due to mass motion ot 

the gas. Spectroscopic met.hods such as this require the use of 

optical equipment with a high resolving power. 

In the preceding discussion, various methods tor generating 

high temperature gas flows were discussed. Some ot the problems 

inherent to the operation of these facilities were al.8o presented. 

Based on the above, the electric arc method appears to be the most 

suitable method tor produoing a continuous high temperature gas 

flow. It ia the purpose ot this thesis project to design and con

struct an electric arc wind tunnel capable ot producing a continuous 

high-tempera.ture, low-density gas flow. The achievable range ot 

stagnation conditions will be dependent upon the available 

electric arc power input. This facility will supplement the 

supersonic wind tunnel laborator,r of the Aerospace Engineering Depart

ment, Virginia Polytechnic Institute, and will be available to 

stuqy such topics as missile nose ablation, magnetoaerodynamics and 

also basic studies ot dissociated and ionized high-speed gas flows. 

In addition this facility will allow more investiga.tion into the 

operation of electric arc wind tunnels with hopes ot achieving a 

satisfactory method or evaluating the physical properties ot the tlow. 
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The purpose of this section is twofold. Fir15t, the theoretical 

analysis will give aome idea ot the magnitude of the design 

dimensions of the wind tunnel and secondly. the analysis will 

suggest a. method by which the now properties or an arc heated 

tunnel can be evaluated. 

Anallsis. In order to predict the flow properties, the flow process 

must tirst be established. This was done by assUJD.ing that the 

discharge of the electric arc in a stagnation chamber faoilitated 

the direct conversion ot the electrical energy into heat energy 

of the gas. Air was considered to be the working gas. Further. an 

isentropic expansion was assumed trom the stagnation chamber to the 

test or working section. For thi8 flow process, the air was 

assumed to be in thermal equi11br:i:wn. This means that the ra.te ot 

dissociation or molecules into atoms due to the high temperatures 

exactly equals the rate ot recombination ot these atoms into 

molecules. Boundary layer growth. heat transfer to the walls of 

the tunnel. and any other such 108s.. were neglected in the 

theoretical analysis. 

Now that the flow process has been determined the flow properties 

may be predicted. In this analysis. the Aveo Hollier diagram tor 

equilibrium. air15 was Used. This Hollier diagram is a. chart which 

completely defines the state of the air in terms of its thermodynamic 



-11-

variables and 1s the standard chart used today tor most all equilibrium 

air-property calculations. Figure 1 represents a port,ion of the Aveo 

diagram. used in this analysis. 

The first step in predicting the flow properties is the determi

nation ot the initial stagnation conditions. These conditions are the 

stagnation temperature, pressure and a mass flow which remain constant. 

Obviously, the stagnation tempera.ture depends upon the amount ot 

electric arc power· available and the percent of this power converted 

into enthalpy or heat content of the gas. The a.vailable power range 

tor the electric arc is between 12 and 36 kilowatts corresponding to 

a.ir temperature. of 7,000 to 13,000 degre •• Rankine. Once the initial 

conditions tor the flow process have been specified, the analysis 

may be continued to find the properties of the flow in the throat 

and test section. 

To completely determine the stagnation conditions, let us 

specify a. mass flow rate w in pounds per second, power input to the 

arc in watts and a stagnation pressure in psi. At this point the 

efficiency ot the electrical energy conversion must be known. In this 

analysis the efficiency was considered to be 100 percent. Thus we 

may consider the heat content of the air to be increased an a..tOOunt 

H by the arc defined by 

(1) 

where H, p,. w are the enthalpy ot the air, power input t.o the arc and 
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mass flow rate,respectively. In order to be consistent with the 

terminology ot the Aveo Mollier dia.gram, Iq. 1 must be modified by 

dividing through by a quantity RTo where R 1s the universal gas 

constant and To is a reference temperature of 491.69 Oft. The 

enthalpy 1s now a non-dimensional quantity written as 

H 
enthalpy -

RTo 
(2) 

Using Eq. 2 and the assumed value of the stagnation pressure, the 

state of the air under stagnation conditions can be completely 

determined from. the Mollier diagram (see Fig. 1). From the diagram 

we can now obtain the stagnation temperature, the corresponding 

flow density and. local speed. of sound and a non-dimensional value of 

the entropy. For the remaining steps in this analysis the value of 

the entrop,y just determined for each stagnation condition will be 

held constant. This corresponds to the assumption of isentropic 

flow. 

We now have specified the stagnation conditions and the analysis 

m81 be continued to find the minimum or throat section conditions. 

It is convenient to write the energy equation between the stagnation 

condition and any other point of the now. The form ot the energy 

equation we desire is 

(3) 

where V is the local flow velocity and h and he are the local and 

sta.gnation flow enthalpy, respectively. Using Eq • .3 the now velocity 
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at any point my be found as a. functional enthalpy by 

where /),. h is the ditference between 110 and h. Another important 

para.meter which can now be determined is the local now Mach number 

which is detined by 

V M-
a 

(5) 

where M is the Mach number, V again is the nov velocity and a is the 

local speed of sound. Equations 4 and 5 and the stagnation conditions 

can now be used to determine the minimum section flow properties. A 

minimum section is determined when Eq. 5 gives a value ot unity for 

the Mach number. It will be necessary to make several choices ot 

the proper ent.halpy h before a Mach number ot unity is obtained. 

However, once the value ot unity is obtained trom Eq. 5, and using 

the Hollier diagram, all the thermodynamic properties ot the flow a.t 

the throat can be found. Another property ot the throat which JnUst 

be determined. is the magnitude or the throat section minimum area. 

This is done by considering the continuity equation written as 

pi A* V* - pAY (6) 

where P, At V are the local. now density, eross sectional area and 

velocity respectively. The .tarred quantities represent theBe same 

properties at the minimum section. Using Eq. 6, the minimum section 

area may be 1'ound by 
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)\: pAY 
A --P*v* 

where (pAV) is the given .mass floW' rate. We have now determined 

all of the required physical properties of the flow at the throat. 

Proceeding in a similar manner we may determine the test section 

now properties. Here the procedure differs slightly in that it is 

possible that the temperatures sought in the test section may be 

lower than the lowest temperatures that are shown on the Hollier 

diagram. If the temperature in the test section is desired to be 

above the 20000 Kelvin limit ot the MoUier chart, then Eqs. 4, ; 

and 7 plus the Mollier chart can be used to determine the thermo-

dynamic properties of the flow and the dimensions ot the teat section. 

However, in the present investigation, test section temperatures lower 

than this limit were used. It was therefore necessary to use other 

existing air property data as found in references 16, 17, 18 and 19. 

It was found that reference 20, the Na.tional Bureau of Standards 

Tables of Gas Properties, was the easiest ot these to use. When 

using the N.B.S. Tables one difficulty does occur due to the fact that 

the properties (such as enthalpy at a given temperature) are tabulated 

according to definite values ot pressure (such as 0.001, 0.1, 10, 100 

atmospheres), the range of which makes interpolation impossible. 

Using the lower halt of Fig. 1, the method by which the preceding 

problem was solved can be explained. First ot all, an arbitrary 

reterence pressure in the test section must be chosen on which the 

test section temperature is based. In Fig. 1, this pressure is 
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denoted by Pl'- Notice that this pressure at the required test section 

temperature 'l1. will involve 8. change in entropy- We lD.U.8t consequently 

describe a thermodynamic process from the point P1 t to the actual 

teat-section pressure Pl whioh will enable the tlow to remain 

isentropic and also to exist at the chosen test section temperature. 

Figure 1 shows this process to be represented by an isotherm. We now 

wi sh to describe this process analytical.l.y. From thermodynamics we 

have 
ds dT 'Y - 1 dP --------cp T T P 

(8) 

where 8 is the entropy, cp the specific heat of air at constant 

pressure, T the temperature, y the ratio of specific heats and, P 

is the pressure. If' Eq. S is applied between the points Pl' and Pl 

as shown in Fig. 1 and assuming the specific heat cp to remain 

constant we have 

(9) 

where 6 • is the change in entropy. Along the isotherm Tl' equals 

T1 and thus eliminates the tem.perature-d.ependent term in Eq. 9. Using 

the relation 

y - 1 
y cp " R (10) 

where R is the universal gas constant Eq. 9 becomes 

(ll) 
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where one recognizes that Pl is the desired test section pressure. 

The pertect gas law may now be used to determine the flow density, 

P, in the test section as 
p 

p--
RT 

The local speed of sound, a, is found by 

a--V If. 
p 

(12) 

(13) 

Thu8 we may use Eqs. 12, 13 and Eqs. 4, 5 and 7 to tind the velocity, 

Mach number and test section dimensions. Another important parameter 

tor scale-flow simulation is the Reynold's number, Be, defined here 

as the flow Reynold' a number per toot 

where p is the viscosity or the air. Using the calculated thermo

dynamic properties ot the test section, the viscosity of the air can 

be round in the Appendix of reference 16. 

To summarize briefly, a method has been outlined by Which all 

of the flow properties trom the stagnation chamber to the teat section 

for an electric arc wind tunnel m81 be calculated. For a limited 

number of stagnation conditions, the above method provide. a quick 

solution to the flow properties using only desk calculators. How-

ever, tor a large number of initial conditions, a computer program 

could be written providing the air property data could be obtained in 

tabular torm for the total range ot air property values. Data in 

such a form is found in reference 17. 
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Results. The results of the theoretical investigation are shown in 

part in Fig. 2. The figure pre.ents a plot of the required test 

section diameter in inches versus test section Mach number for 

various stagnation temperatures and pressures. The mass now used 

in the calculations was 0.005 pounds air per second and was held 

constant. The dashed section in the figure corresponds to the range 

o! values which the author reels the facility described in this 

thesis is capable of producing. 
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III. DE3IGN AND CONSTlUCTION 

Since the available literature contains no reterences pertaining 

to the design, construction and operation ot an electric arc wind 

tunnel, it was deemed necessar,y to construct a pilot model betore a 

full scale permanent tacility ot this type could be designed. 

The pilot model includes an electric arc chamber, stagnation 

chamber, nozzle, and test section pius a diffuser section. Also 

included in the pilot model facility were certain a.uxUliary equip

ment such as water and air supply_ 

Pilot MCKiel ComP2nenta 

Stagpation Chamber. The stagnation chamber shmm in Fig. 3 was 

machined from standard 1/4 inch thick, 4 1/2 inch outside diameter 

steel pipe. A 3/8 inch thick, 4 1/2 inch outside diameter flange 

was welded to the upstream end ot the chamber.. This nange had a 

2 inch diameter hole drilled through ita center and three holes 

drilled through and spaced. such that they match the holes in the 

face plate ot the arc chamber. An insert, constructed to fit loosely 

around the end ot the arc chamber anode, was press-fitted into the 

2 inch hole of the upstream flange. The stagnation chamber is then 

fastened to the arc chamber by three steel columna. These columns 

are first fastened to the arc chamber face plate. The stagnation 

chamber then bolts onto these columns, drawing the steel insert 

against the anode extension. This procedure provides an air tight 

joint. Asbestos gaskets were used where metal-to-metal joints were 

required to be air tight. 
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Figure .3 shows two opposite pairs of flat surfaces machined on 

the side of the stagnation chamber. These surfaces were provided 

for an observation window assembly and air injection equipment. 

The original design tor the observation window assembly consisted 

ot a bakelite-glass construction which bolted on to the side of the 

sta.gnation chamber. The window in this case were only 1/4 inch trom 

the outside ot the chamber. Presaure tests on this configuration were 

satisfactory up to 150 psi. However, when the tunnel was operating 

with the electric are under power, the windows cracked and shattered. 

It was decided that the windows were too close to the exposed arc in 

the stagnation chamber. A seoond very satisfactory design moved the 

windows away from the arc an additional 7 inches, enough to eliminate 

the cracking problem. 

The air injectors are of a fixed geometr.r design. Air injection 

metering is accomplished by placing shims between the air injector 

bot tom surface and stagnation chamber surface. 

Now the stagnation chamber joined to the nozzle and test 

sections by welding a nanga to the downstream end of the chamber 

as shown in Fig • .3. 

Nozzle. Section. The ma.x1mum tam.peraturea experienced by the 

wind tunnel structure will exiet at the walls of the nozzle section. 

It is theretore likely that part ot the nozzle section will be 

destroyed during operation. Consequently, the design ot the nozzle 

as shown in Fig. 4 allow easy replace.ment of destroyed parts. A 
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flange with a 6 inch outside diameter and a 3 inch inside diameter 

was machined trom 1/4 inch thick steel plate. To this flange was 

welded a 1 1/4 inch long section ot 1/4 inch thick 3 1/2 inch outside 

d.1ameter steel pipe. This unit serves as a housing tor the copper 

nozzle plates shown in Fig. 4. The nozzle plates are secured to 

the housing unit by a nozzle cap. 

The copper nozzle plates of various thicknesses and oritice 

diameters were pressed from copper disks bY'means of an aluminum 

die and hydraulic press. This proceas produced a three-dimensional 

converging nozzle. the nozzle orifice being controlled by the amount 

of press. A photograph ot one of the nozzle plates attached to the 

housing unit is shown in Fig. 5. 

Test Section. Similar in design to the stagnation chamber is 

the test section shown in Fig. 6. This component was also constructed 

trom 4 1/2 inch outside diameter, 1/4 ineh thick steel pipe. 

Observation windows were construoted for the test section in the 

same manner as those tor the stagnation chamber. Static pressure 

in the test a.etion is measured by a pressure tap mounted on the 

wall ot the section. The design ot the window ports afforded ample 

view of the supersonic tree jet boundaries. 

The test section is secured to the nozzle and stagnation chamber 

by a series of fianges and is seoured on the downstream end to the 

duftuser section also by a flange-gasket joint. The diffuser .ection 

guide. the flow into a large volume vacuum system. 
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A photograph ot the assembly- ot the pilot-model arc wind tunnel 

(as used in the last test reported in the experimental aection) 1s 

shown in Fig. 8. In the photograph can be seen the arc chamber, 

stagnation chamber with extended windows and air injectors, assembled 

nozzle section, test section with windows and diffuser section. 

Arc Chamber and Power SupRll. The arc chamber and powr supply were 

purchased trom Giannini Plasmadyne Corporation as a unit known as a 

, t Plasmatron' I. The t, Plasmatron t t is a plasma discharge device 

which combines the high temperature characteristics ot an electric 

arc with a continiously released independent gas source to create a 

high velocity jet flame of nearly neutral plasma. in which extremely 

high temperatures are attained. The Aerospace Engineering Department 

of V.P.I. purchased the P-lOO IIPlas_tron" unit which includes 

Plaamatron arc chamber, power control panel and power supply. 

The arc chamber, shown in Fig. 7, has a water cooled anode and 

cathode. The electric power is transmitted to the electrodes through 

a conducting sheath inside the cooling water cables. The arc is 

started by discharging a capacitor through a spark plug assembly 

mounted in top ot the arc chamber. 

The arc power control panel. serves as a master control unit 

for power input to the arc, gas flow in the arc chamber, cooling 

water fiow through the arc chamber electrode assembly, and ignition 

ot the spark plug. The three power supply units are essentially 

three-phase transformers with three-phase full-wave bridge 
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rectification. They utilize a saturable reactor current control 

device. The current control volta.ge is loW', which allow sate remote 

control. 

CooliN> Water. Air Sum: and Water Drainage .Blstem.. A central control 

panel controls the amount of cooling water tor the electrodes or 

other cooled sections of the wind tunnel, stagna.tion pressure of 

the air in the arc chamber and air injectors, and the removal of 

used cooling water from the tunnel system. This control panel also 

is provided with a. means for measuring the cooling water ass .f'low 

and the vacuum of the exhaust system. 

Air is supplied to the control panel from the existing Aerospace 

Laboratory air storage farm.. Located on the air portion of the 

panel are three air injector outlets and a pressure-regulated arc 

chamber air supply outlet. Also on the panel are pressure gauges 

to measure the total pressure ot the supply air and the pressure of 

the regulated arc chamber air. 

Water is supplied to the control panel whicb has a total head 

ot 75-80 psi. The water-control ;portion 1s provided with 6 cooling 

water outlets. Since the amount of electrode cooling water is 

critical, a now meter was placed between the electrode cooling 

water outlet and the supply panel. This allows a check to be made 

at the electrode cooling water mass now. 
A drainage system. is also provided for t"he facility. The drainage 

inlets are located along the bottom ot the central control panel. 
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Vacuum. System. A Ftiller rotary mec;hanical auction pump was joined to 

a. high pressure air storage tank by a. 6 inch line. The diffuser 

section of the wind tunnel exhausts directly into the vacuum tank 

where the hot gasses are then cooled by expansion and removed by 

the pumping system. 

Pilot Model Szstem !ezout. Figure 9 shows a block diagram which is 

a schematic ot the complete pilot model electric arc wind tunnel 

raoUi ty. Figure 10 gj.ves the floor plan of the wind tunnel and 

supporting equipment. Expansion ot the present fa.cility has been 

anticipated in its layout. Plans are currently being made tor the 

addition ot three more power supply unit. which will raise the total 

arc power available to 72 kw. Figures 11-12 show the completed 

pilot model fa.cility'With some of the supporting equipment. 
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IV. EXPIRIMENTAL 

PurP8!- ot tp.V8StWtion. The purpose of the experim.ental investi

gation was to determine the operating chara.cteristics ot the pilot 

model electric arc wind tunnel. A particularly important part of 

the investigation involved determining the behaviour of the electric 

arc under vuious stagnation conditions. Studies were made to 

d.etermine the stability of the arc, its shape and any peculiar 

characteristics present. 

An attempt was made to evaluate the now properties by a. method 

which combines a part ot the results ot the theoretical section ot 

this thesis with data trom the experimental section. 

Instx-umentratiop 

Pre.,ure Measurement. The stagnation pressure ot the air in the 

stagnation chamber vas measured by a pressure ta.p mounted in the 

side ot the stagnation chamber wall. The pressure was visually 

measured by a multiple mercury manometer board. Another method tor 

measuring"the stagnation pressure utilized a water-cooled pltot 

tube placed in the ilow stream of the test section. The pitot tube 

was oonstructed from a. series ot .3 metal tubes, one water-carrying, 

one water-removing and one tor pressure measurement. Static pressure 

measurements were obtained in the test section by mounting a pressure 

tap in the wall ot the test section. The tap was connected to the 

multiple manometer board by means or flexible plastic tubing. 
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Mass Flow Measurement. 'he mass now rate was obtained. from an 

air flow meter ealled a • 'rotameter t " which ia mounted. on the arc 

ohamber power control panel. This flow meter is calibrated tor 

standard conditions and must be corrected tor density, pressure and 

temperature. Mass fiow rate control is obta.ined by meana ot a. gas 

control val Vet also mounted on the power control panel. The mass flow 

range investigated was from 0.005 to 0.007 pounds air per second. 

Arc Powr M ... urement. In order to determine the amount ot 

power supplied to the arc a DC ammeter and voltmeter are mounted on 

the arc power control panel. The voltage is controlled by a 

variable rheostat also mounted on the control panel. Voltage 

settings of 60 to 120 volts were used and these correspond to 

electric are power inputs of trom 12 to )6 kilowatts. 

Visual Observation of Flow. A schlieren system consisting ot 

a mercury arc lamp source, two parabolic mirrors, knite edge and 

movie screen was used to obta.in pictures of the flow patterns 

observed in the test section. 

T!!!p!rature Measurement. Dynamic tempera.ture measurement was 

accomplished by using iron-constantan thermocouples. The data was 

recorded on a Helland Visicorder. 

Arc Cha.racterigtic Study. A remote control 16mm movie camera 

was used to obtain pictures of the electric arc in operation. Because 
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of the dangerous ultra-violet radiation present, it was necessary 

to shield all personnel with eye protection consisting ot welder's 

helmets and ultra-violet filter glass. 

Plan of Experimentation. The plan of experimentation was developed 

so that only a minimum number ot test runs would be necessary. The 

testing program was divided into two parts. The first part of the 

program. was concerned with arel •• s performance of the pilot roodel 

Wind tunnel and all supporting apparatus. IAtring this time, a. 

technique was developed tor the operation ot the com.plete facility 

and this procedure was modified and improved until each operator had 

a mini.tmJlll of duties to perform during a test. The second series of 

tests wre conducted with the electric arc in operation. 

Each wind tunnel test was designed so that duplication would 

be held to a minimwn. The results of the experimental investigation 

tor both series of tests are grouped under appropriate headings on 

the section labeled Besults. 

Results. 

Stagnation Pressure Measurements. During the test runs in 

which theaectrio arc was not ignited the total pressure of the 

system was mea.sured a.t various stations between the air supply con

trol panel and pilot model test section. The total pressure was 

measured. in the stagnation chamber by means of a pressure tap on 

the wall and. the total pressure was measured in the test section 
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by a water-cooled pitot tube. All measurements were made with a 

constant vacuum of 1.64 psia in the dovnstream leg of the wind tunnel. 

For the arcless test runs, the pitot tube pressure reading 

showed that the stagnation pressure in the test section was for all 

purposes the same value as given by the air supply pressure regulator 

setting. However, the pressure tap mounted in the wall of the 

stagnation chamber measured a pressure which was lower than the 

actual stagnation pressure. 

During the tests in which theeleatria arc was ignited, the 

pitot tube produced inc'orrect readings which were lower than the 

values measured by the stagnation chamber pressure tap_ Examination 

of the pitot tube atter the tests showed that the orifice had become 

partially and in some cases almost wholly blocked by molten metal. 

This suggests that the pitot tube was not properly designed to allow 

sufficient cooling to take place. 

As anticipated, when the electric arc was fired into an already 

established flow a significant increase in pressure measured by the 

pressure ta.p was observed immediately after arc ignition. It was 

found that the pressure was increased to 2 to J times the arcless 

value. 

Static Pressure Measurement. Static pressure was :measured in 

the test section by means of a pressure tap mounted in the wall of 

the wind tunnel test section. The static pressure in the test section 

remained constant a.t 1.64 psis.. No attempt to control the rate of 

v 
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8uctio."l by tbe va.cuum ptJiAE) wt Mel. eince it •• thoUiht earlier 

t.hat the test sect.ion pressure woul4 have to be ver:r low in oJ.'Clv to 

insure proper arc i!llltion. However, control ot the amount ot 

suction is quite easily attained by inserting an air value into the 

large vacuUJi tank and adjusting until the desired vaCU\U4 is reached. 

'the .tatic pressure measured hy the teet, section pre81fUJ'e tap 

waa duplicated by the vacu.um tank gauge mount.ed on the air suppq 

control panel. The pre.8UNt.ap, coneequently, •• removed during 

lat.er runs and the teat a&ct.ton static preMure was obtalned trom 

the control panel vacuum gauge. 

HIt. ,_*_",. It ala' be stated that. each t •• t 

performed in the wincl turmelrequ1n4 ea.entiallT ita own mas8 flew 

calibra:ld.on. The "aeon tor this ia that each copper .ssle plat. 

had a different orit1,ce diameter thereby altering the ma.. flow 

considerably for a particula:r preS.UN NgulatOJ' gaup setting. The 

procedure for meuuring the mas. flow waa as tollow. The pres.UN 

regulator on the air aupp17 control panel ....t at. a predetermined 

value. fbi. presaure Htting d.etend.ned the total pre.Bure ot the 

are ohamber 8UpplJ air a$ it en\en the U'O power control panel 

metering valve. (At the start of " calibration tbe power control 

air meterin8 valve is in the tull-open :roeition.) A now was then 

.stabU.bed. in the wind tunnel w.ith the preasure gauge on the aro 

control panel Nading the now $tatic pressure in the nov meter 

region of the arc ohamber air supply line. The now meter reading 

gives the value of the cubic t.et per minute of air nov. The maas 
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fiow rate may be calculated using a ca.lcula.ted value ot tlow density 

and flowmeter readings corrected tor denaity, pressure, and temperature. 

Keeping the same air supPly pressure regulator setting, the arc 

panel air metering valve was slowly closed in 5 psi increments and 

the above procedure repeated to obtain mass flows for the various 

gas control settings. This procedure was repeated tor each copper 

nozzle plate. 

Air In4ection to Staggation Chamber. The air injectors were 

used to cool the stagnation chamber observation windows during the 

tests with the electric arc in operation. It was found that not 

enough air could be directed in such a manner that it would flow over 

the glass windows without appreciably railing the stagnation chamber 

total pressure. This increase in stagnation chamber total pressure 

required greater power inputs to the eleotric are and during these 

early test., the power inputs to the arc were required to be low. 

As a result, the pressure and mass flow through the air injectors 

were kept at small values resulting in insufficient window cooling 

and consequent destruction of theae windows. 

In later tests the air injectors were used to increase the mass 

flow through the nozzle section. This mass now increase lowers the 

specific heat content of the air and consequently lowers the stag

nation temperature of the air in the test section. 

Electric Arc Char!SteEistio Studies. The primar.y interest of 

the tests re:rorted here was the behavior ot the electric are. To try 
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and group these tests under definite headings would be difficult 

since a number of these tests were performed upon the basis of 

information learned in previous tests. Consequently, the signifi

cant results of each test will be discussed in the order in which 

the tests were performed. 

The first series of tests were concerned with the determination 

of the required local conditions in the are chamber allowing proper 

arc ignition and also initial electrode effecta. The procedure was 

as tollows. First, a flow was established in the wind tunnel as 

described previously. Then a pre-selected value ot DC arc supply 

voltage was .et on the arc power control panel voltage selector. 

Next, the arc control panel water and gas control valves are adjusted 

until the power supply units start to opera.te (the arc power control 

panel is equipped with water and gas interlock micro switches which 

are calibrated to conditions which insure proper and safe arc 

performance) • The system is now read;r tor arc ignition. This was 

accomplished by charging the capacitor spark plug for five seconds 

and then discharging the ca.pacitor into the arc chamber. Now if 

the electric arc failed to ignite then either the DC voltage setting 

was increased or the gas control setting was increased or decreased 

or both of these were adjusted until the electric arc would ignite. 

Immediately after ignition the arc was extinguished by" shutting oft 

the a.rc power supply. The electric arc wind tunnel was then dis

mantled and all com.ponents were examined caretully. During the series 
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of tests just described the following phenomena were observed and 

were thought to be of importance: 

(1) It was found that the electric arc would ignite at 

voltages between 60 and 120 if the gas control valve setting 

was set at , psi. 

(2) During the initial break-in periods while operating the 

arc at voltages of 80 and higher, the cathode eroded at a fast 

rate. Later runs showed the cathode erosion to become almost 

negligible during the length ot these tests (approximately 10 

seconds). 

(3) During this break-in period the anode collected a metal 

deposit 1/16 inch thick on its inside walls. Here again later 

tests showed this depositing to become negligible. 

(4) Also during this break-in period, a bluish-white oxide 

powder (determined to be tungsten oxide) deposited on the in

side walls of the pilot model. 

Results of the examination of the electrodes after the above 

tests are presented in Fig. 13. 

The second series ot tests in this section were concerned with 

the shape and stability of the downstream portion of the arc in the 

stagnation chamber. The procedure consisted ot visually and 

photographically observing the arc in the stagnation ohamber. This 
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required the use of ultraviolet filters Placed over the stagnation 

chamber window openings. The region observed in these tests 

extended from the anode extension to the copper nozzle plate orifice. 

In all the tests the shape of the arc in the stagnation chamber was 

as is, depicted in Fig. 14. In the figure the following regions were 

noted. Region A is a highly luminous region of higb intensity where 

region B is a region of less intensity than region A. Region C was 

observed to have a dull glow decreasing in intensity as the radial 

distance increased. This region a shoved up later as a red colored 

ring on the nozzle plate with the brightness ot the red color 

falling orf as the radial. distance increased. The portion of the 

arc :in the stagnation chamber appeared to be stable except for 

slight fluctuations due perhaps to the air stream in the stagnation 

chamber. 

When the pilot model electric arc wind tunnel was operated tor 

the tint time with the electric arc under full power, the original 

set of stagnation chamber observation windows cracked. This was due 

to the extreme radiative heat transmitted from the arc. A third 

series of tests were consequently conducted to determine a satisfactory 

window design. Results of these tests as mentioned. earlier required 

the relocation of the stagnation chamber windows an additional 7 

inches from the side of the chamber. 

Also investigated during this series of tests was the possibility 

of constructing a cooled nozzle plate tor the nozzle section Which 
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could successfully withstand the extreme heating rates present at the 

nozzle walls. Without cooling, the nozzle plates used in the previously 

mentioned tests had a max:imwn litetime ot 10 seconds. Since copper, 

the material used in the construction of the nozzle plates, ha.s the 

highest thermal conductivity ot suitable nozzle materials, it should 

be possible to remove a large amount of heat that flow through the 

plate by a coolant with a large mass now. An a.ir cooled nozzle 

plate was constructed and tests were performed with this nozzle. It 

was found that the heat acCl..llm.tlated by the copper nozzle could be 

partly relOOved by air cooling thus allowing slightly longer running 

timea; about twice that of the unccoled nozzles. Also, since the 

heat capacity ot water is of' such a value that makes it especially 

suited for a coolant, a water-cooled nozzle was constructed and 

tests were conducted using this nozzle. The water cooled nozele 

was round to remain structurally inta.ct forrons up to 20 seconds. 

(Care should be taken to make sure tha.t water is not allowed to 

come in contact ttith the hot gas stream.. There is a possibility 

that the water will dissociate into free hydrogen which could 

ignite with a large explosive toroe.) 

Flow Prop!rtz Determination. This section presents the results 

of an attem.pt to determine the properties of the now, that 18, to 

determine the stagnation conditions. From the stagnation conditlons 

and the theoretical a.naly1iis gi van previously, the tlow properties in 

the test section may be found. Here, a method of obtaining the 
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the stagnation conditions (stagnation temperature specifically) will 

be presented. 

This method requires the use of the Hollier diagram tor 

equilibrium. air combined with the mea.sured values of the mass flow 

ra.te, stagnation pressure and power supplied to the air by the are. 

The experimental data used here is from a typical teet in which the 

mass-flow rat., sta.gnation pressure and power available were 0.0064 

pounds per second, 8a.8 psia and 20.8 kilowatts ,respectively. The 

power available is equivalent to 19.04 BTU per second. The oontri-

bution to the heat content of the air due to the arc can be calculated 

by assuming that 100 percent of the arc po'Wer is convereed into 

the enthalpy of the air. We use Iqs. 1 and 2 ot the theoretical 

section to give the dimensionless enthalp,y as 

H --RTo 

Since the pressure and enthalpy ot the air are knOlm. we may use 

(15) 

the Hollier chart to determine the theoretical value of the stagnation 

temperature. The temperature found on the chart tor the above values 

is 4050 degrees Kelvin or 7300 degrees Rankin. At this temperature 

and pressure, equilibrium air is dissociated 10-15 percent. It is 

interesting to note that the powr used in the above test was les8 

than the ma.ximurn. power available to the arc. If' the ma.x1.nrwn. available 

pJwer ot 36 kilowatts had been supplied to the air at the aa.me pressure 

and mass fiow, a stagnation temperature of 10.440 degrees Rankin would 
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have been realized. At a slightly higher pressure of 11.3 psia. a 

stagnation temperature or 10,800 degrees Rankin would have resulted. 

Flow Visualization Studie.. The flow in the test section was 

studied by optical means to determine the shape of the tree expansion 

jet for tests with and without the electric arc in operation. The 

schlieren system was used tor the tests without the are but was not 

used lor the arc-powered tests because ot extreme interference 

eftects. In all cases the flow was definitely supersonic with the 

Mach number bewg determined by mea.suring the area ratios. Figure 15 

shows a typical photograph taken during a test without the arc. 

Figure 16 shows a photograph taken during a test with the arc under 

tull power ot .36 lew giving a 10,000 degree Fahrenheit fiow. The 

test body in both figures 1s a hemisphere cylinder. 
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v. DXSCUS§ION OF RESULTS 

In this section the results presented in the previous section 

w.ill be discussed and recommendations w.:ill be made concerning the 

overall performanoe of the wind tunnel. 

Sta.,gnation Pressure Measurement. The result that the stagnation 

pre. sure measured by the stagnation chamber pressure tap was in 

error ~s due to the fact that there 1s a tlow in the stagnation 

chamber fl'aDl the a.node extension to the nozzle plate orifice. This 

flow should be confined to a small core of fast moving a.ir finally 

being funneled. into the orifice ot the copper nozzle plate. The 

total or stagnation pressure being confined to the small core region 

ot now explains the rea.ding ot static pressure by the stagnation 

chamber pressure tap_ 

For the determination of stagnation pressure in the stagnation 

chamber the following should be considered. First or all, st.agnation 

chamber size should be kept to a minimum. The now needs only enough 

volume in the stagnation chamber which will allow it to expand 

slightly after passing through the arc chamber anode. Another tact 

which should be kept in mind in the design ot a stagnation chamber 

for flows of this type is that when the size ot the chamber decreases 

the amount of outside wall surface cooling increases. FDrtunately, 

the region of highest temperature on the stagnation chamber is con

fined to the center of the small core ot air now as mentioned 
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previously. However, strong radiant heating as evidenced by window 

cracking occurs, thus giving riae to the necessity ot cooling the 

walls. Simple heat-flow calculations using FOurier heat transfer 

equations and maximum heating rate of the high temperature air show 

that the inside surtacetemperature can be held below melting by 

using large quantities of water as a coolant. This could be done by 

pressurizing the water to several hundred pounds and letting it £low 

under pressure through a small passage around the stagnation chamber 

walls. Now assuming that the stagnation chamber has been designed 

such that it will allow expansion of the air as it enters the chamber, 

a near stagnation condition will exist. Total pressure can then be 

mea.sured by a pressure tap mounted flush with the inside wall surface. 

The fact that the static pressure in the stagnation chamber 

increases significantly when the arc is ignited suggests another 

design tor a stagnation chamber. It is easy to see that for a 

given lIeating rate it 1dll take le88 time for the hea.t to flow 

through a thin skin than it will to £low through a. thick slab ot skin. 

Thus if the water pressure ot coolant is of the same magnitude as 

the air prossure on the stagnation chamber. structural integrity can 

be maintained using very thin sta.gnation chamber walls while allowing 

the large amount of heat that accululat •• on the walls to be removed 

in a minimum period of time. Reterence 22 indicates that this method 

is currently being used with success. 
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Stat!! iTeGsure Measurem,nt. The pressure rat.ios tor the flow in 

the test section ~re such that the Mach numbers attained ranged from 

slightly supersonic to a Mach number of 4. 

Mass Flov Mea,ureJD8nt. For a given nozzle plate orifice diamet.r~ 

the mass fiow rate remains constant tor different air supply pressure 

regulator settings which correspond. to total pressure. Thus the mass 

flow is in4ependent ot stagnation pressure and depends only upon 

minimum section area (nozzle oritice) and the static pressure of 

the now which controls the density. The accuracy ot the mass-flow 

ra.t. calibration depends upon the corrected tlowmeter reading in 

cubic feet per minute J assuming that the pres8ure and air temperature 

are known exactly. For example, a 5 percent error given by the flow

meter yields 8. 5 percent error in the value tor the mass flow rate 

in pounds per second. Concerning the end result of a. flow property 

evaluation mentioned. previously, tha.t is, the determination ot the 

total temperature tor a.n arc heated now. a 5 percent error in mass 

Ilow does not have a.ny appreciable eftect (much less than 1 percent 

error). 

Electric Arc Cha.ractoristic Studies. Reterence 10 states that the 

electrodes ot an electric arc are thought to be at the boiling 

temperatures tor the materials used tor the electrodes. For tungsten, 

the cathode material, this temperature is 1l,lOO degrees Rankine. The 

melting temperature ot tungsten is 6,550 degrees lankine. For copper, 

the boiling and melting points are respeetively 4,700 and 2, MO degrees 
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Rankine. The anode was constructed or copper. Now as stated in the 

results, during the initial tests with the electric are operating, a 

large amount of electrode erosion occurred. Consider the sbape of 

the negative electrode prior to ignition, Fig. 13-a. The tip is 

slightly pointed. Now it the cathode temperature is at the boiling 

point or at least the melting point, there is no rea.son why the 

cathode tip should not burn away quickly leading the cathode in the 

molten state and, should deposit the molten particles of cathode 

material (tungsten) on the cooler anode surface. The bluish white 

powder observed in the wind tunnel during these initial tests was a 

tungsten oxide. This tact seems to support the belief that at lea.st 

the oathode should be near the boiling point of its material. As more 

tests were performed the ca.thode shape approached that of Fig. 13-c. 

The cathode rear surface is water cooled. Thus the slOwing down of 

the cathode erosion is thought to be some type ot geometry etfect. 

As the cathode burna towards the rear surface, more heat flows 

through the shortening distance from the cathode tip and cooling 

surface until a heat flow balance is obtained. Thus most of the heat 

which previously was used to melt the cathode material passes to the 

cooling water and is removed which results in a decrease of cathode 

erosion. The author believes that the electrode life should prove 

to be about .30 minutes using air as the gas (all tests reported used 

air) • Future tests using certain inert gasses such as argon should 

considerably lengthen the electrode lifetime. 
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R~nation of the shape of the electric arc in the stagnation 

chamber resulted in an arc characteristic which is similar to a 

statement from reference 10. fIAtt arc at atmospheric pressure and above 

is characterised by a small intensely brilliant core surrounded by a 

cooler region of flaming gasses, sometimes oalled the aureole. The 

aureole is a region ot intense chemical activity, but the eore is at 

such a high temperature that all gasses are largely dissociated. ,: r 

Since the temperature ot the aureole is below that of the core and 

aleo since the boundaries ot the aureole are the only parts or the 

arc which would come into contact with the stagnation chamber walls, 

the size ot the chamber can be reduced to the dimensions corresponding 

to the ~ diameter of the arc observed in the chamber. The heat 

thus given to the chamber walls 'WOuld be leas than the maximum amount 

as used to deternd.ne the required amount of cooling water. The heat 

passing through the walls of the stagnation chamber (based on the 

above results) can be carriedsaf'ely away. Also. a factor of safety 

can be realized to protect the facility against any unexpected peak 

heating conditions. 

Once the arc characteristics have been determined. there is no 

need for stagna.tion chamber w],ndows and they should be removed. nao 

a similar analysis can be applied to the nozzle section and nozzle 

plates to determine proper amounts ot cooling to insure structural 

integrity under the extreme heating conditions. Obviously, the 

highest heating rate will exist at the minimum section; but, the 
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author believe. that a satisfactory design can be produced allowing 

sutficient quantities of heat to be removed from the minimum section 

walls. 

Flow f£2p!rtz . Dft,ermination. The reaults of the method. presented 

earlier tor the determination ot stagnation temperature seem. to 

agree with predictions mad- by Cobin. in retennce 10. Cobin. 

detines the region ot discharge between the cathode and anode to be 

the positive column characterized by gas temperatures (at pressures 

similar to those reported. in the pre.ant tests) between 9,000 and 

ll,OOO degrees Rankine. In support of the assumption ot equilibrium 

air made in the theoretical analysis ot this thesis, a remark by 

Cobine state. that at high gas pressures, the ions, electrons and 

gas atoms ot the positive column are generally thought to be in 

themal. equilibrium. 

Gfmeral Remarks fncl RecollD1enda.tiona. Although the pre.ent electric 

arc wind tunnel was able to produce a high temperature supersonic 

flow, the available testing time vas onl7 ot the order of 20 seconds. 

This short running time was due to an inadequate nozzle design in 

th$t t.he nozzle could not be cooled sufficiently to prevent it trom. 

melting during a test. In order to co:t'reot this difficulty, the 

authorwisheu!J to present here a recom.t'll8ndation tor a design ot an 

electric arc wind tunnel which should be capable ot continuou8 

running times up to one minute. Figure 17 show the pertinent details 
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of the proposed vinci tunnel. The nozzle blocks are to be constructed. 

from copper which v.Ul allow the heat to now quickly from the 

inside nozde walla to the circumterential water oooling passage •• 

It i8 estimated that the t_perature ot the wall ot the nozzle 

blocks acljaoent to the vater cooling passage. can be held to ';00-400 

degrees Fahrenheit. 
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VI. CONCLUSIONS 

From the results ot the toregoing experimentation, the author 

concludes that the pilot model electric arc wind tunnel is capable 

ot producing a high temperature gas flow having 

(1) a stagnation temperature ot the order of 10,000 degrees 

Fahrenheit, 

(2) a Mach number range at the above temperature ot trom 2 

to 4, 

(3) an ability to perform many useful aerothermodynamic 

investigations. 
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VII. SUMMARY 

The pre.ent thesis project was concerned with the design and 

construction of a. high temperature electric arc wind tunnel facility 

to supplement the pla.sma. ~C8 labora.tory of the Aerospace 

Engineering Department of the Virginia Polytechnic Institute. The 

facility was designed so that it could be operated. in conjunction with 

existing laboratory equipnent such as air supply and vacuum systems. 

Power tor the electric arc is supplied. by three DC arc units in series. 

Maximum power available to the arc is 36 kilowatts. Currently, plans 

are being made to increase the power available to 72 kilowatts. 

Experimental investigations were made to determine the operating 

performance of the arc tunnel. Two of these investigations were 

concerned with arc stability and. flow property evaluation. Photo

graphs taken of the arc-gas mixture sholled that the arc is stable. An 

evaluation ot the flow properties, assuming that equilibrium conditions 

exist in the air, yielded flow Mach numbers ot £rom 2 to 4 with a 

stagnation temperature of about 10,000 degrees Fahrenheit. The 

stagnation pressure vas of the order of an a:tnx>sphere. With the 

increased power of 72 kilowatts,as mentioned above, it is probable 

that the stagnation temperature will be ra.ised to approximately 

15,000 0,. 
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Figure 5 Photograph of Nozzle Section 
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Figure 7 Arc Chamber 
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Figure 8 Pilot Model Wind Tunnel Components Assembly 
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Figure 11 Pilot Model Facility Installation 
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Figure 12 Pilot Model Facility Installation 
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Figure 15 Flow Picture with Arc not in Operation 



-65-

Figure 16 Flow Picture with Arc in Operation 
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• 'DESIGN AND CALIBRATION OF A HIGH TEV~ERATURE 
CONTINOUS-RUN ELECTRIC ARC WIND TUNNEL'. 

by 

William Grossmann Jr. 

ABSTRACT 

The purpose of this thesis project was to design, construct 

and evaluate the performance of a high temperature continuous-run 

electric arc wind tunnel. A pilot model of such a facility was 

designed assuming that equilibrium air was the working gas. The 

pilot model facility was constructed and consisted of the following 

components; arc chamber, stagnation chamber, nozzle section, test 

and diffusor sections. 

In the arc chamber, the air passes through the positive column 

of an electric arc there-by raising its stagnation temperature before 

entering the stagnation chamber. Also included in the design and 

construction were water cooling and waste disposal systems, air 

supply and vacuum systems, and electric arc power supply system 

and control. 

An examination of tests performed in the electric-arc facility 

showed that a low density supersonic flow with a stagnation 

temperature of approximately 10,000 F could be produced. The 

power level for this flow was 36 kw; however, with an expected 

increase of power to 72 kw the stagnation temperature should be 



raised to 15,000 F. Since no valid technique for measuring temperatures 

of this magnitude has been perfected to the author's knowledge, these 

temperatures were calculated according to a method as outlined in 

the present thesis. 

The present facility will present an opportunity for study in 

such topic areas as (1) Aerodynamic Ablation, (2) Magnetoaerodynamic 

studies and (3) Qualitative studies of chemically reacting gas 

flows. 


