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THE EFFECT OF WALL TEMPERATURE ON THE 

OPERATION OF THE RXJKE TUBE 

CHAPTER I 

INTRODUCTION 

In 1859# Rijke(8) obtained a beat-driven sound from 

a round tube held In a vertical position by placing a grid 

one-fourth of the way from the bottom of a 0.8 meter long 

tube and heating the grid to a red heat with a gas flame. 

When the flame was removed, an Intepse note sounded. The 

frequency of the note was observed to be near the fundamental 

frequency of the tube. Later It was observed that the tube 

would sound In a horizontal position If air were forced 

through the tube at the proper velocity. These heat driven 

oscillations In the simple tube are now recognized to be 

caused by the same mechanism which results In various types 

of combustion Instabilities. In their mild form these Insta¬ 

bilities are undesirable and can become quite destructive In 

their more severe forms. Better known examples of these in¬ 

stabilities occur as rumble and afterburner screech in Jet 

engines and In rocket engine instabilities. 

The purpose of this study was to construct an experi¬ 

mental Rijke tube apparatus and investigate the effect of the 

1 



parameters, velocity, heater power, and wall temperature, with 

primary emphasis on wall temperature. In earlier exploratory 

experiments the wall temperature seemed to be an Important 

parameter. In addition. Carrier(1) Indicated that heat con¬ 

duction near the wall Is an Important source of energy loss, 

and Haling(3) said that heat conduction losses near the wall 

must be accounted for. 

Literature Survey 

Extensive surveys of the literature which Include the 

early work on the heat-driven sound tube have been completed 

by Neurlnger and Hudson (5) and by Putnam and Dennis (6). 

Neurlnger and Hudson assumed that the heat-driven 

oscillations could occur only under turbulent flow conditions. 

In addition they hypothesized that the turbulence In the flow 

such a nature that It Is coupled to the acoustic vibra¬ 

tions In the tube. An example calculation was Included to 

show a Reynolds number of 3700 based on a flow velocity of 

50 cm/sec. It shall be shown that sound Is possible with gas 

velocities as low as 5 cm/sec. The Reynolds number would 

thus be much less than the 2300 necessary for the onset of 

turbulent flow. Velocity, pressure, and density were written 

in terms of a uniform component plus a small perturbation due 

to oscillations. The energy, momentum, and mass conservation 

equations were solved assuming a step variable change across 

the heater Interface. From the solution it was shown that 

the tube would sound only if the heater were in the upstream 
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half of the tube. No numerical calculations were made. 

Carrier(1) treated the sound wave upstream of the 

heater and the wave downstream of the heater separately. The 

wave upstream of the heater was assumed to be essentially 

isentropic. The wave downstream of the heater was broken up 

Into Isentropic and non-lsentroplc components. Calculations 

were Included to show that the sound wave reflects from 0.613R 

outside the end of the tube. The effective length of the tube 

is thus the length plus O.613D, where D Is the diameter of 

the tube. The heater response was estimated by assuming a 

semi-lnflnlte plate. A numerical calculation was Included 

showing that for a velocity of I.? ft/sec and a heater tem¬ 

perature of about 800°F the tube should sound for a heater 

ribbon width of O.O8 cm. No Information was Included about 

the required length of the ribbon. The occurrence of har¬ 

monics of the fundamental frequency was verified theoretically. 

Putnam and Dennis(6) proposed a theory for heat-driven 

oscillations based upon a phase lag between changes In the 

flow rate and changes In the heat transfer rate. Part of 

their theory Is Justified by Inference and more work needs 

to be done before It can be proved or disproved. Acoustic 

oscillations produced when a flame burns from a grid In an 

eight-inch diameter chamber were studied. Results are shown 

for different positions and angles of the grid. 

Trilling(9) examined the sound fields produced In a 

real gas by boundary temperature variations to determine how 

the pressure, temperature, and vortlclty modes of motion 

Interact. 
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Merk(4) used the laws of conservation of monenturn and 

energy to natch the acoustic fluctuations across the heat 

source and the law of conservation of nass to deternlne the 

non-lsentroplc fluctuations. The characteristic equations 

governing the excitation of sound in the tube are derived by 

introducing transfer functions of the heat source and acoustic 

adnittances and impedances. The transfer functions were de¬ 

rived for a heating element composed of thin spirally-wound 

wire. Meutral curves were calculated for the fundamental and 

first harmonic frequency. A numerical calculation was in¬ 

cluded to show that the minimum velocity for oscillations to 

occur is 2 cm/sec. The author concluded that this was too 

low as Meuringer and Hudson reported a minimum velocity of 

50 cm/sec. it shall be shown that the 2 cm/sec can be approx¬ 

imated experimentally. 

Maling(3) started his analysis with a wave equation 

for a medium containing a heat source. The dependence of the 

onset of oscillations on the mean flow and heater power is 

derived. Experiments were conducted to check the theoretical 

work. For heater powers of 930, 1100, and 1290 watts the 

calculated maximum velocities were 0.71, O.83, and 0.92 m/sec, 

respectively with corresponding measured velocities of 0.84, 

O.87 and O.91 m/sec. Haling reported that as the velocity 

was reduced below 0.4 m/sec the oscillations abruptly ceased. 

At this velocity the mean flow was reported to be unstable. 

Haling surmised that the instability was possibly due to his 

experimental apparatus. According to Haling, Kerwin(2) 
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reported mean flow Instabilities, but the Instabilities oc¬ 

curred at smaller velocities. 

A problem encountered when reviewing the literature 

on the RIJke tube was that the equations were presented In 

such a manner that verification of the equations or Independ¬ 

ent calculations were possible In only very restricted 

Instances. 



CHAPTER II 

DESCRIPTION OP EXPERIMENTAL APPARATUS 

The experimental apparatus was constructed as shown 

In figures 1A and IB. The principal parts of the apparatus 

are the sound tube, heating element with the power supply, 

flow measuring system, and the air supply system. 

The tube chosen for this experiment was a copper tube 

with a nominal Inside diameter of 3.906 Inches with a 3/16 

Inch wall thickness and a length of four feet. That partic¬ 

ular size tubing was chosen because similar size tubing was 

used by previous Investigators of the RIJke tube phenomenon. 

Also, heating elements can be more easily constructed for a 

large diameter tubing. 

Iron constantan thermocouples were attached to the 

tube walls In the locations shown In figure 2. The thermo¬ 

couples were arbitrarily placed axially to prevent biasing of 

the temperature measurement. As the Inside wall temperature 

of the tube was desired, 1/16 Inch holes were drilled almost 

through the tube wall, and the ends of the thermocouple were 

placed In the holes and held In place with liquid solder. 

Two additional thermocouples were provided to measure the air 

temperature Inside the tube. One thermocouple was positioned 

6 
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to measure the temperature in the center of the tube six 

Inches downstream of the heating element. The other thermo¬ 

couple was positioned to measure the air temperature in the 

center of the tube four inches inside the exit end of the 

tube. A potentiometer was used in conjunction with an eleven- 

position Junction box and a 32°F reference bath to read the 

thermocouple outputs. 

The intensity of the sound was measured with a type 

1551-A sound-level meter manufactured by General Radio Company. 

The calibration of the meter was not known. Therefore the 

sound intensity measurements were only relative. The atten¬ 

uator was placed in the C-Plat position for all measurements 

to make the results comparable. 

As it was desirable that the tube be easily discon¬ 

nected from the plenum chamber to allow access to the heating 

element, an adapter ring was attached to the plenum chamber 

and a rubber seal provided to prevent air leakage around the 

tube. The tube could be easily removed by sliding the tube 

straight out of the opening and off the heating element. An 

adapter was constructed from plywood to allow the air measure¬ 

ment system to be used with the tube installed in a vertical 

position. Fiberglas Insulation was Installed on the tubing 

when it was desired to operate the tube at high wall tempera¬ 

tures. For the experiments which were to be conducted with 

the tube wall at a constant temperature, an air distribution 

system was constructed from copper tubing to direct high 

pressure air along the length of the tube wall. The 
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compressed air provided satisfactory cooling for all except 

very high heater power settings. 

Experience Indicates that the construction of the 

heating element Is critical. Initially it was desired to use 

a 30 ampere, 220 volt varlac for a power supply, so many at¬ 

tempts were made to construct a suitable heating element 

which would draw a maximum of 30 amperes. First an annular¬ 

shaped frame was moulded from clay. Holes were drilled, and 

ten feet of 0.025 inch heating element wire was strung in the 

frame in the manner indicated in figure 3. No sound could be 

obtained with the element although a wide range of air veloc¬ 

ities was tried, and heater powers up to 1000 watts were used. 

Next a ribbon type heating element was constructed as illus¬ 

trated in figure 4. The two rings were made from aluminum. 

Holes for the rods were drilled each 1/4 inch. The rods which 

support the ribbon had to be nonconducting and resistant to 

high temperatures, so solid silicon glass rod was used. Many 

failures were experienced in which different lengths of ribbon 

and different methods of lacing the ribbon were tried. The 

ribbon available was 1/32 inch wide, in order to get more 

ribbon in the element 25 feet of the ribbon was laced double 

so that the effective width of the element was I/I6 inch. 

The ribbon was laced in three planes 1/4 inch apart. This 

element was tried with heater powers of up to 2000 watts, and 

on only one trial was any sound obtained. The trial could 

not be duplicated. 

It is felt that both the wire and the ribbon heating 
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Figure 3. Wire Heating Element 

Figure 4. Ribbon Heating Element 
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elements could not be wound densely enough to obtain the heat 

transfer per unit mass of air necessary for the Instability 

to occur. The problem was a mechanical one In that the wire 

and the ribbon even when tightly wound would expand when 

heated and move laterally 1/8 Inch or more. If the element 

were made with the wire too close together, the wire would 

touch and melt. In an attempt to get more heat transfer the 

wire was laced In layers. The elements then were 1/2 or 3/4 

Inch In thickness. Possibly these elements did not closely 

enough approximate a plane for the Instability to occur. 

The element finally used was made from chromel wire 

gauze squares. The screen was 16 mesh, made from 24 gage 

wire, and Is listed In the W. H. Curtin and Company Catalog. 

This element proved to be suitable over a wide range of air 

velocities and heater powers. The details of the heating 

element are illustrated in figure 5. The frame was made of 

steel, but a stainless steel frame would be more satisfactory. 

The composition material used to separate the ends of the 

rings was the plug-in pin support from a Universal Automatic 

coffee pot. The double mesh portion of the screen Is not 

absolutely necessary but contributes to more uniform screen 

temperatures and a longer screen life. The function of the 

double mesh Is to decrease the difference in the resistance 

between the center and the edge of the screen. The frame of 

the element was insulated from the wall of the tubing by a 

four-inch wide strip of sheet asbestos. As the resistance 

of the screen was very low, a very high current source was 
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needtd. An AC-1000 Lincoln arc welder ln which the current 

can be continuously adjusted fron 125 to 1000 amperes was 

available. To prevent overheating from the high current 

flow, the lead-in wires were made from A. V. 0 . 000 cable. 

The conductors from the wire to the element were made from 

1/4 by one inch copper bus bar material. The bus bars also 

supported the heating element. All experiments were conducted 

with the element 12 Inches from the tube Inlet. A transformer 

with a ratio of 80 to 1 was used with a 0-5 ampere precision 

ammeter to determine current flow. The voltage drop across 

the heater was measured with a 0-10 volt capacity precision 

voltmeter. 

The apparatus for air flow measurement consisted of 

two plenum chambers, a set of calibrated nozzles, and differ¬ 

ential pressure gages. The plenum chambers were required be¬ 

cause the nozzles were calibrated In terms of static pressure 

drop across the nozzle. The nozzle screwed Into an adapter 

ring between the plenum chambers. One of two differential 

pressure gages was used. Por low mass flow rates, an Inclined 

manometer with a capacity of 0 to 0.5 Inches of water was 

used. For higher mass flow rates, an Inclined manometer with 

a capacity of 0 to 3 Inches of water was used. 

The operation of the flow measuring system Is as fol¬ 

lows. For each nozzle a chart was available listing mass 

flow rate as a function of static pressure difference across 

the nozzle referred to 60°F and 29.92 Inches of mercury. A 

correction factor, P - (T^/T^ , was used to correct for 
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the existing conditions where 

Tg . 520°R 

Tg “ temperature in the plenum chanber 

Pg * corrected dry air pressure - DP 

Pg *29.92 - DP 

DP “differential pressure between the plenum chamber 
which connected to the sound tube and the atmosphere 

corrected dry air pressure « barometric pressure - 
barometric pressure correction for temperature-vapor 
pressure. K 

DP was taken to be zero as the highest value attained was of 
-4 

the order of 10 Inches of mercury, and the other measure¬ 

ments were not of sufficient accuracy to Justify its use. 

The mass flow rate was obtained by multiplying the mss flow 

rate read from the chart by the correction factor calculated. 

The air supply available for most of the experimental 

work was a fan with provision for two-speed operation. A 

baffle was positioned in the plenum chamber in front of the 

fan to reduce the turbulence in the plenum chamber and to 

change the kinetic energy of the air to static pressure. The 

pressure was varied simply by moving the fan toward or away 

from the entrance to the plenum chamber. The maximum static 

pressure attainable with the fan was 0.4 Inches of water. In 

the final stages of the experimental work a variable-speed 

centrifugal blower became available. The speed control for 

the blower provided step-type control. In order to allow 

precise control of air flow, the speed control was placed at 

its highest setting and a varlac was used to vary the voltage 
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Input. With the varlac the blower couid be precisely con¬ 

trolled to give a differential pressure of 0 to 3 inches of 

water across the nozzle. 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Before each run the Inclined manometers were both 

leveled and adjusted to read zero. The thermocouples were 

checked to ascertain that the readings were uniform. The 

variation was less than 0.04 millivolt for all runs. The 

microphone for the sound Intensity meter was placed In the 

same location each time, about four Inches from the end of 

the tube. 

Because of the exploratory nature of this experiment 

the different test configurations will be discussed under 

separate headings. 

The Effect of Wall Temperature on Sound Intensity 

In this test the tube was horizontal and Insulated. 

The heating element power was held constant at 36I watts, and 

the air velocity was held constant at 22 cm/sec. In this 

study velocities are expressed In cm/sec to facilitate com¬ 

parison with the literature, most of which use metric units. 

An Initial temperature profile along the tube was taken, and 

all temperatures and the sound Intensity were recorded at 

ten-minute Intervals. 

18 
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Minium» Air Velocity A» A Function of P™.- 

In this test the tube «as horizontal and «as not In¬ 

sulated. A spray bar «as Installed to direct high preaeure 

elr on the tube for the purpose of holding the tub. «.n t.„- 

perature constant. The variation In tube «all toperatur, 

with time ... held to »Ithln 30'i. Because of the lo« air 

velocities, heater po«er had to be lo« to prevent overheating 

of the heating element. * small arc «elder «1th a mazlmum 

capacity of 180 ampere, «as used a. the po«er source. with 

« given heater po«er the air velocity «,. reduced until the 

heater stopped sounding. The air velocity «a. slo«ly ln. 

creased until the tube sounded, then decreased In Increment, 

of 0.005 Inches of «.ter until the tube stopped sounding 

The lowest differential pre.aur. at which the tub. sounded 

we. recorded. The procedure «.. repeated for five different 
power settings. 

Maximum Air Velocity A. A function of Heater 

In this test the tube «as horizontal, not Insulated, 

«nd cooled «1th high pressure air. The higher capacity 

manometer «a. used, with a given po«er setting the air flow 

was Increased In Increments of 0.01 inches of water until the 

tube stopped sounding. The last reading at which the tube 

sustained sound was recorded. This .as actually , trlal-and- 

error procedure, .„d the flow .as adjusted up .„d do.„ to be 

sure of the data point. Seven data points were taken at 

power settings from 690 to 2342 watts. 
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Sound Intenalty Aa A n<- .,- „ .ocltr 

In this test the tube »as horizontal, not Insulated, 

•nd cooled with high pressure air. The Initial plan ... to 

take six data point, at each of t.o differ po»er ..ttlng,, 

but t.» data appeared Inconclusive .0 . run ... „.de at a 

po»er setting of 1510 ..tt. fro„ n..r „Ini™ .lp flo„ t0 

maximum air flo., that 1. until the tub. .copped sounding. 

Thirty-one data points wer« recorded. 

Sound Intensity As A Function of Heater 

In this test the tube ... horizontal, not ln.ul.ted, 

and cooled «1th high preasur. air. The air velocity ... held 

constant and the sound Intensity ... recorded for po»er 

settings from 4o6 to 1300 watts. 

Tube Vertical 

An adapter ... Installed to alio. flo. measurement, 

to be msde »1th the tube In a vertical position. All of the 

run. «1th the tub. vertical ..re mad. .ith the Insulation In¬ 

stalled. T»0 method. ..re used to control the air flo. rate 

In the first the f.„ ... used .1th .»n „ozzles. ,ith thl8 

method the flow could be closely controlled and measured. In 

the second method, the flo. rat. ... determined by convection 

•lone. Urge nozzles ..re used In order not to unduly re¬ 

strict the flow. The very lo. differential pre.surs. which 

resulted »ere belo. the calibration curves for the nozzles, 

so the results were only relative. 

An attempt ... made to determine »hether the tube 



21 

would sound with the tube wall temperature higher than the 

Inside air temperature. It was determined experimentally 

that the tube would heat more quickly with low air velocities 

as the heat transfer to the air per unit mass Is higher and 

the air temperature Is much higher. Air temperatures as high 

as 1000 P were obtained while heating the tube. With a low 

air flow so that the tube barely sounded and 73^ watts heater 

power the tube was heated until the tube wall at thermocouple 

number four was approximately 500°?. The heater power was 

increased to ]720 watts and the air flow was allowed to In¬ 

crease to near the maximum velocity. This proved to produce 

the lowest air temperature In the center of the tube. The 

tube continued to sound with the tube wall temperature at 

thermocouple number four slowly decreasing. The power and 

velocity were reduced; the tube was heated until a quasi- 

steady state was reached, and all thermocouple readings were 

recorded. The power was Increased to 1315 watts, and the 

velocity was allowed to Increase to near maximum. The tube 

continued to aound, but the temperature of the tube wall at 

thermocouple number four decreased about four 0P In 15 minutes 

of running. Thermocouple number four was monitored because 

It was not possible to monitor all of the thermocouples, and 

number four was the hottest thermocouple which was not adja¬ 

cent to the heating element. 



CHAPTER IV 

EXPERIMEHTAL OBSERVATIONS AND RESULTS 

The effect of wall temperature on aound intenalty ... 

checked first. The numerical result, of the test run .ere 

included in Table 1. The tube wall temperature changed from 

« uniform temperature of 78»P to the temperature profile 

Illustrated In figure 6. The température of the hottest 

Place on the tub. was about 3TO»P. go significant change In 

aound intensity ... observed. It ... observed that the air 

temperature readings taken from both thermocouple. 10 and u 

fluctuated. The rang, of fluctuation. ... from about 0.1 to 

1.0 millivolts. These fluctuations seemed to be coupled «1th 

fluctuation. In the air flo. rate. Also «orth noting ... 

hat the air temperature measured at thermocouple 11 reached 

a maximum of about 625*F .1th the Inlet air temperatura at 

74*F. This «as a much larger Increase In air temperature 

than any previously reported In the literature. 

These results with the tube horlsontal seemed to con¬ 

flict with the exploratory experiment, which .ere conducted 

the tube vertical. An adapter was made and the tube «as 

installed In a vertical position. It ... observed that as 

the tube wall heated the convection flo. Increased and the 

22 
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sound Intensity increased. When the power and flow were held 

constant, no significant change in sound Intensity was ob¬ 

served as the tube wall temperature changed. In several test 

runs the tube wall was heated and the power and flow were ad¬ 

justed so that the tube continued to sound with the tube wall 

cooling, indicating that the air temperature next to the wall 

was lower than the wall temperature. In the most extreme 

instance the wall temperature at thermocouple four was 756°P, 

and the air temperature in the center of the tube adjacent to 

thermocouple number four was fluctuating about 920°P. The 

tube wall sounded for fifteen minutes with the tube wall tem¬ 

perature constantly decreasing. The total decrease was about 

four degrees. The previously noted fluctuations of air tem¬ 

perature were observed on all test runs, including the runs 

where the air flow was from convection alone. It was con¬ 

cluded that the fluctuations were inherent to the heat-driven 

oscillations and were not caused by the air source. 

The strong dependence of sound intensity on air 

velocity and heater power became apparent in the first runs. 

A plot of sound intensity as a function of air velocity is 

included in figure 7. The graph indicates that near the 

minimum velocity, sound intensity Increases rapidly with 

velocity, but quickly reaches a maximum sound intensity which 

is relatively constant over a wide range of air velocities. 

As the maximum air velocity is neared, the sound Intensity 

decreases slightly. A further Increase in air velocity 

causes the sound to abruptly cease. 
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Figure 7. Sound Intensity As A Function of Air Velocity 
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Haling(3) reported a dependence of maximum air veloc- 

ity on heater power. A plot of these reaults in thia study 

was Included in figure 8. From the graph a measured maximum 

air velocity of about 140 ca/sec compares with 91 cm/atc re¬ 

ported by Haling for a heater power of 1290 watts. 

Sound intensity is plotted as a function of heater 

power in figure 9. From the graph it can be seen that round 

intensity is approximately a linear function of heater power 

over the range tested. 

The minimum air velocity as a function of power is 

not reported quantitatively as all except one of the differ¬ 

ential pressure measurements were below the calibration curve 

for the smallest nossle. Qualitatively the indications were 

that the minimum velocity, at least for the five values 

checked, decreased as heater power was Increased. For a 

heater power of 423 watts the minimum air velocity was about 

eight cm/aec. As the heater power was Increased the minimum 

air velocity decreased to less than five cm/sec. Haling(3) 

reported a minimum air velocity of 40 cm/sec. 

It is felt that the maximum and minimum air velocities 

at which sound can be attained are strongly influenced by the 

type of heating element used. The analyses reported in the 

literature assume a ribbon or a colled wire heating element. 

A heating element made from screen much more cloeely approx¬ 

imates a plane and is probably more efficient in transferring 

heat to the air. In this study a new screen seemed to be 

more efficient than a screen which had been used and was 
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Figure 8. Maxi muni Air Velocity As A Function of Heater Power 
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Figur« 9. Sound Intensity Aa A Function of Reatar Power 
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oxidized, but no studies were conducted to substantiate this. 

Merk(4) calculated a minimum velocity of two cm/sec 

for a sample sound tube. He concluded that hia velocity was 

too low based on a previously reported experimental value of 

50 cm/sec. Using the equations developed by Meric, a minimum 

velocity of 2.½ cm/sec was calculated for the sound tube 

used in this study. The calculation is included in Appendix A. 

Based upon an extrapolation of the calibration curve, included 

ln Appendix B, ♦ minimum velocity attained in this study 

was between 3.33 and 3.65 cm/sec. 



CHAPTER V 

CONCLUSIONS 

The general conclusions which can be made as a result 

of this study are: 

1. Sound intensity is not a function of tube wall 

temperature. 

2. Heat transfer to the tube wall is not an important 

parameter in the mechanism of heat-driven oscillations. 

3. The heat-driven oscillations occur at very low 

air velocities. 

4. Air velocity is an important parameter only near 

the minimum and maximum air velocities. 

5. Maximum air velocity is approximately a linear 

function of heater power. 

6. Sound intensity is approximately a linear function 

of heater power. 

In the review of the literature it was noted that the 

equations developed in the various analyses have only limited 

applicability. It is felt that the salient features of the 

parametric relationships noted above are not discernible in 

any of the analyses reviewed. Indeed, it appears that the 

analyses were made without a knowledge of most of these impor¬ 

tant relationships. 
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CHAPTER VI 

RECOMMENDATIONS 

A better system for measuring the air velocity Is 

needed. In particular accurate measurement of very low air 

velocities muut be possible. 

Further study of the air temperature fluctuations 

which were observed could lead to a better understanding of 

the basic mechanism of heat-driven oscillations. A time trace 

of the temperatures both upstream and downstream of the heat¬ 

ing element would be most helpful. 

As the heat-driven oscillations occur at very low air 

velocities, it should be possible to observe and photograph 

the air flow at the heating element by using a pyrex tube and 

Injecting smoke Into the air stream. 

As the construction of the heating element was so 

I critical, studies with the following element configurations 

would be beneficial: 

1. Vary the mesh sise and the wire size from which 

the mesh was constructed. 

2. Vary the area of the screen to determine the min¬ 

imum screen area for heat-driven oscillations to occur. 

3. Study the characteristics of a screen which Is 

32 
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uniformly heated over the entire cross section of the tube 

and which has the frame and conductors outside the tube such 

that the only interference to the air flow is from the screen. 

4. Stack the screens so heat is not added in a plane. 
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APPENDIX A 

MINIMUM VELOCITY CALCULATION 

From Merk(4), Ucp - C |il| ai A. 

where C « 0.2 

* 1144 ft/sec (speed of sound at 75°P) 

te « L + 0.613 D 

* [48 4 0.613(3.906)]/12 

« 4.199 ft 

d - 0.040 Inch (heating element thickness) 

0 . 10.2)(3.55)(1144)(0.040)(2.54) 
cr (8.15)(4.199) 

* 2.42 cm^sec 
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APPENDIX B 

EXTRAPOLATED CALIBRATION CURVE FOR NOZZLE NUMBER I 
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APPEHDIX C 

A TYPICAL AIR VELOCITY CALCULATION 

Barometric pressure ■ 29.09 Inches of mercury 

Air temperature - 74°p 

Barometric pressure correction for temperature 

Wet bulb temperature • 6l°p 

Vapor pressure - 0.4 in. Hg 

Nozzle number ■ 2 

Differential pressure - 0.297 inches of water 

Naas flow rate - 5.423 Ibm air/hr 

The correction factor is P - ÍT'P /T P') 
, 1 1 2' 1 2; 

Tx - 520*R 

* 29.09 - 0.4 - 0.12 - 28.57 in. % 

- 53**R 

- 29.92 in. Ug 

p . i520)(28.57) 
(534)(29.92) 

P - 0.964 

0.12 in. Hg 

The corrected mass flow rate is 0 . (0.964)(5.423) lbm/hr 

0 - 5.22 lbm/hr 

Substituting the perfect gas law, P . pRT, into 0 . pVA and 

solving for V, 
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V « ORT/PA 

where P * 14.7 Ibf/in2 

V « air velocity in ft/sec 

H - 53.34 lbf/lbm-°R 

T « plenum chamber air temperature 

A » 11.99 in (tube cross-section area) 

V « O.234 ft/sec 

V ■ (0.234)(30.48) cm/sec 

V * 7.14 cm/sec 




