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A 3: 3 T R & G T * 

Velocity of sound measurements have been made, in pure 

nitrogen, pure carbon-dioxide and mixtures of. these two gases 

at a constant pressure of 50 psig overia temperature range 

from 75®F to 530 °F. From the experimental data obtained, the 

ratio of specific heats for the various gas mixtures of ni¬ 

trogen and carbon dioxide have been calculated* All measure¬ 

ments were taken at a frequency of 570kc. 

The present work represents a portion of the program at 

present-.'being carried out with' gas mixtures. Further work" 

will deal with higher gas pressures.and temperatures in addi¬ 

tion to the variation of frequency of the sound source. 

Curves are included showing the effect of gas composi¬ 

tion on the acoustic velocity at a constant gas mixture pres¬ 

sure and temperatureOther curves are included showing the 

increase in acoustic velbcity with temperature for a given 

gas mixture at constant pressure. 

ii 
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I, . R 6 0 1 

Usually acoustic; interferometers arc designed for the 

study of sound in gases at. atmospheric .conditions or under 

high vacuum.and very low temperatures* In some: cases; inter- 

forometera have been constructed for gases, at high pressure 

hut rarely for any temperature beyond 212°F. . Such interfero¬ 

meters are difficult- to construct , and present, many perplexing; 

problems» therefore an-interferometer capable of withstanding, 

high pressure and. at; the. same time high temperature,1 presents 

additicmal problems* However such an instrument.', would be, Of 

direct help to the engineer since his interest lies in the ■ 

behavior of gases under conditions of high pressure and tem¬ 

perature, not.-only of pure gases,, .but,'also of gas. mixtures1.* 

In the engineering field there isra.great interest in 

gases and gas mixtures' at high pressures and temperatures in.’ 

relation to the closed cycle gas turbine, jet engines, rochet 

propellents,' high pressure steam boilers, pressurising of 

furnaces;, and natural gas; pipe line compressors.* Ihese are 

only a- few. examples for the need of research worlt dealing, with, 

gases*., 

fhe present 'i^orh has shown that the movable path inter¬ 

ferometer can function properly at- elevated temperatures, and. 

medium pressures and, as a .result of this work another interferon, 

meter has been designed and constructed for very.high pressures 

and temperatures.- ■during, the past few months* Preliminary ' 

tests on. this - apparatus-': are favorable and in the near future 

mixtures, of 00s and -He will, be used up to 5,000 psig and 

800°P to supplement the information obtained with the present 

apparatus. 

Ihe acoustic generator was a quarts crystal which was. 

/ 
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cat into mechanical oscillation by an electrical oscillator 

tuned to the natural frequency of the quarts crystal* fhs 

theory of generation of sound wss by this method i&. Moqua- 
toly covered in standard test .hooka' tmSL previous research, the* 

sis. in this field by the Mechanical Ergineerlss ©apartment at 

Sloe Institute >7111011 may ha obtained from the Institute *a li¬ 

brary* 
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II. DESCRIPTION OF APPARATUS 

(A) ACOUSTIC INTERFEROMETER 

The interferometer is shown disassembled in Fig (1) and 

assembled ready to place inside the heating jacket in Fig (2). 

All parts of the interferometer are machined from stainless 

steel, type 304 and 306 for the foil oiling reasons: to prevent 

rusting; of the steel by steam condensate during shut down or 

heating up periods when fastened inside the steam jacket or 

heating tank and to prevent any oxide formation at high tem¬ 

peratures. The one square inch crystal in Fig (l) may be 

used as ah index to show size3 of the various parts of the in¬ 

terferometer. The stainless steel’bellows was used in prefer¬ 

ence to a conventional packing gland which eliminated any 

leakage.of"gas 'from the interferometer between the piston rod 

and interferometer proper. The piston rod was milled with 

a small axial groove along its length in order that the gas 

sample could fill the inside of the bellows. 

An electrode assembly was mounted on the face of the in¬ 

terferometer which contacted both the crystal and the elec¬ 

trode which passed through the cap of the interferometer. The 

latter electrode was insulated from the cap by a double type 

cone soapstone washer and ceramic tubing* Since the photo¬ 

graphs were taken a thermocouple has been placed inside the 

interferometer by which the temperature of the gas inside the 

interf©roineter'could be determined. The flange between the 

cap and Interferometer has also been redesigned in such a man¬ 

ner that the higher the internal pressure the tighter the 

seal. The seal between the flange on the bellows and base of 

the interferometer has been redesigned in a similar manner. 

3 
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were used to-seal off any steam leakage around the extended 

valve shafts* It was always a source of trouble which was 

the reason for placing the valves on the outside of the tank. 

A cross-section of the interferometer is shown in Fig 

,(3) which clearly Indicates the design features of a movable 

path type acoustic interferometer. 

A complete line diagram is shown.in Fig (4) of the ap¬ 

paratus. The system can be evacuated by means of the vacuum, 

pump and the gas under investigation allowed to enter the in¬ 

terferometer by opening the gas inlet and closing the gas 

outlet. Heating steam is provided by means of a separately 

gas-fired superheater, the amount of steam being controlled 

by a discharge valve at the right side of t-^e tank. A ther¬ 

mometer and steam gage installed in the line between the tank 

and discharge valve to indicate the steam pressure and tem¬ 

perature. In this way the steam flow may be properly con¬ 

trolled during the heating up periods. Final temperature con 

ditions are obtained by three thermocouples located 120 de¬ 

grees apart mounted in wells that are welded in a vertical 

position in the flange lid of the jacket. Each well projects 

into the tank at a different depth which serves to indicate 

an average temperature of the steam inside the tank. 



FIG. 3 SECT/OHAL DRAWING OF THE ACOUSTIC INTERFEFOMETER 
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(B) mxvtm.: ymum.su 

fha driving mechanism used to move the piston inside the 

interferometer Is shown in detail in fig (5) and. in fig (6) 

It is aeon in its proper location below, the •'heating. jacket*- 

in previous designs a micrometer screw was machined on the ©sad 

of the interferometer piston rod which fitted into the piston* 

In this way the micrometer thread was exposed to the torn* 

peratura of the hot gases Inside the interferometer proper* 

and in addition could not be lubricated with any grease for 

fear of contamimting the gas. sample, inside the interferOme- 

ter* With this arrangement it was also necessary to provide a 

milled slot or keyway. and pin to prevent rotation of the pis¬ 

ton inside the interferometer cylinder as the micrometer 

screw was turned* It wasvalso necessary to provide a thrust 

collar on the piston rod so that as the piston red or micro¬ 

meter screw-was- turned the piston rod would stay in a fixed 

relative position while the piston advanced in the cylinder. 

It was also necessary to calibrate the micrometer screw at the 

temperatures used (up to 800*&) because of the expansion of 

the metal* 

In the present-design all of these undesirable features 

Were, eliminated*- A stainless steel bellows was. used to seal 

the gas in the lower end of the interferometer instead of a 

conventional packing gland* One end of the bellows was welded 

to the piston rod, the other end being welded to a flange- 

which, was bolted against the bottom surface of the interfero¬ 

meter. Hie portion of the piston rod inside the bellows is 

so arranged by a hexagonal milled slot in the center of the 

flange through which the rod extends to prevent, 'any shearing 

action of the bellows. fhe opposite end of the sylphon bellows 

is attached to a piston rod that extends through the base of 

to 
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the steam jacket or tank to the driving mechanism* Any leak- 

age of steam around the shaft is prevented by a conventional 

steam gland* 

In regards to the driving mechanism proper, any unbal¬ 

ance due to axial thrust is taken up by two thrust bearings 

located on the top and bottom of the central cylinder. The 

end of the driving mechanism rod which extends below the 

middle horizontal plate is milled flat on opposite sides arid 

rests against two roller bearings and therefore prevents any 

rotation of the rod and still allows a vertical movement of 

the rod. The portiori of the rod inside the central section 

of the assembly is provided with a single pitch square! thread 

‘which fits into a similar female thread. As the small hand- 

wheel attached to the worm.drive is rotated, the wheel trans¬ 

mits. this motion to the cylinder, and since the wheel is ri¬ 

gidly fastened to the cylinder, it causes the cylinder to rov 
: tate between the two thrust bearings. In this way the piston 

rod will move in a vertical direction depending upon the di¬ 

rection of rotation of the small hand wheel attached to the 

worm.and rotation of the rod itself is also prevented by the 

two roller bearings previously mentioned as the rod moves in 

a vertical direction. 

With the present worm and wheel arrangement the worm 

produces about two thousandths of an inch vertical displacer-; 

ment of the piston inside the interferometer per revolution 

of the hand wheel. Other combinations of piston travel in¬ 

side; the interferometer can be obtained by other combinations - 

of worm and wheel drives. 



(0) ELECTRICAL APMRPTU3 

The driving oscillator by which, the quartz crystal nay 

be set Into mechanical oscillation is of the "electroh-cou- 

p!edM type. It consists of a primary tank circuit followed 

by two stages of amplification. The output of the driving 

^ oscillator is inductively coupled to an external circuit con¬ 

taining the quartz crystal as previously mentioned. The 

driving frequency is controlled by a variable.condenser in 

the primary tank circuit, and a special vernier condenser is 

used with the variable condenser in order to obtain fine ad¬ 

justment of the driving frequency. By selecting various 
Mplug in’1 type coils the oscillator ha3 a range of frequency 

from about 400 to 2,000 kilocycles. 

The.external circuit, to which the driving oscillator is 

loosely coupled, consists of a parallel resonance type circuit 

The circuit elements are a precision type variable condenser* 

a fixed inductance and the quartz crystal. 

In detecting the variation in voltage across the quartz 

crystal a vacuum tube voltmeter was used which was very quick 

in response. This method was far superior to the use of n 

vacuum tube thermocouple and galvanometer arrangement which 

was previously mentioned because the time lag involved with 

the vacuum tube thermocouple with respect to the movement of 

the interferometer piston or reflector. . 



E
L

E
C

T
R

O
N

 C
O

U
P

LE
D

" 
T

Y
P

E
 

O
SC

IL
L

A
T

O
R

 



16 

(D) TEI1PERATGRE MEAStJEEI’lENT.' 

In order to measure the temperature of the superheated 

steam Inside the heating jacket or tank, three chromel-alumel 

thermocouples were used, The thermocouples were spaced 1209 

apart in the top of the tank, each thermocouple well was at a 

different length. In this way an accurate determination of 

the steam temperature Inside the tank could he obtained. 

Baffle plates; were Installed inside the tank to uniformly dis¬ 

tribute the steam flow. There was no appreciable temperature 

.difference ■ among the three thermocouples after a heating; up 

period of about six hours. 

Another chromel-alumel was inserted inside the interfero¬ 

meter to measure the temperature of the gas under investiga- 

tion. The thermocouple was located inside the cap of the in¬ 

terferometer to the right, of the quarts crystal. 

No measurements were taken until the temperature of the 

gas•inside the Interferometer was equal to the steam tempera¬ 

ture surrounding the interferometer and that, both tempera¬ 

tures vrere stable for a minimum time of one hour. 

All temperature measurements were taken by using a Leeds, 

and Northrup, Type K2 potentiometer. The usual precautions 

were taken,with the apparatus.for temperature measurement. 

...... A; complete set up of the temperature measurement appa¬ 

ratus is shown in Fig (8) . 
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(E) GA& MIXm SYSTEM 

In mixing the carbon dioxide and nitrogen* three stain¬ 

less steel low pressure tanks were used. Each tank had at. ca~ 

pacity of 2,000 cu.ins. and could withstand a;, pressure of 400 

psi at room temperature. 

All valves' were of the diaphragm type and all valves, were 

silver soldered to connecting, tubing in order to prevent any 

leakage to or from the system. A line diagram of the apparatus 

is showci in Pig (9). 
In preparing'the gaB mixtures * the entire system was 

evacuated for a period of at least twenty four hours. High 

pressUne carbon dioxide and nitrogen: was slowly fed into their 

respective 1°U Pressure tanks through a dry ice trap. When 

the pressure in each tank reached the desired value the valves 

were them closed . The two valves on the discharge side of 

the lov; pressure tanks were then open and a.; mixing of the; two 

gases oocured in the third; tank, which had been previously 

evacuated. 

When the above mixing, tank v;as isolated from the remain¬ 

der of the system the lower portion of the tank was.; lowered 

into an ice water bath . 

In this, way acceleration of the mixture took place by, a 

temperature gradient between, the top and bottom of the tank. 

This process of immersion was. repeated approximately eight 

times,' over a. period; of four days. Equal intervals of time were 

used in immersing the ;tank in the ice bath and also when the 

tank was removed from jtJie ice bath. In each interval gas . 

samples were taken unljil two concurrent sets: of results, agreed 

within.the iimits of experimental error of the gas. balance de¬ 

vice used for determining the percent of gas in the mixture. 
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Tli© mixture was then allowed to stand for at least 24 hours 

and then another analysis was made. If the analysis agreed 

with .previous, measurements, the gas was then admitted to the 

interferometer where it.was; sealed off. 
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(F) THE ANALYSIS OF GASEOUS MIXTURES 

To analyze the mixtures, the Edwards Gas Balance v/as 

used. The theory of the Edwards Gas Balance is based upon 

Boyle Vs;Law that the density of a gas is proportional to its 

pressure, the temperature remaining constant, and the buoy¬ 

ant force exerted upon a body suspended in a gas is proport¬ 

ional to the density of the gas and. therefore, proportional 

to its pressure* 

Hence if the buoyant force exerted upon a body is made 

the same when suspended successively in two gases, then the 

densities of the two gases must be the same at these pres¬ 

sures .. From this, it can be stated that the densities of 

the two gases at normal pressure are in inverse ratio to 

the pressures- when at equal buoyant force. 

Before analyzing the gas, the balance case is filled 

with dry air, first by evacuating It and then allowing air 

from the air-drying tube to enter It slowly. This was re¬ 

peated until constant readings on the manometer were obtained 

when the indicator showed a perfect balance. From this the 

absolute pressure of dry air was obtained. The run on mix¬ 

ture Immediately followed. The mixture was introduced from 

the bleeding-line of the interferometer* At least ten read¬ 

ings -were obtained using a fresh mixture for each reading. 

When the average manometer reading had been. obtained, 

the corrected barometer reading was ascertained* From these 

readings the absolute pres sure of the mixture was found, 

and the mole fraction of each gas in the mixture was cal¬ 

culated as shown below: 
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■& = Hm _ 
£ M da 

da 

.331 

% » %a X £da - 28.987 x &a. 
“m 

um 

% = ** - 

16 

X, CO, = 1 - X 
NB 

After the first analysis was completed,, the second and 

third analyses were performed within 48 hours, until the 

results checked within 0.3 %> then the final average value 
■was adopted. 

The mixture was then introduced into the interferometer 

to a pressure of 50 psi. immediately after the final analysis. 

The experiment of sonic velocity measurement was then ready 

to he performed. 



23 

III. .EkffBRI&SlfAL PROCEDURE • 

Before assembling tho various parts of the interfer¬ 

ometer* valves* gages and necessary piping, etc** all parts 

were thoroughly cleaned with carbon tetrachloride . Extreme 

care was used in cleaning all parts in order to avoid any 

contamination of the gas sample when introduced into the 

system. The interferometer was then assembled and placed 

inside the vertical tank or heating Jacket and leveled by 

the three leveling screws at the base of the interferometer 

on the horizontal spider or platform in the vertical tank* 

The spider was located approximately six inches above and 

parallel to the bottom of the tank and welded to the inside 

of the tank, in such a position in order to provide a rigid 

fixed base for the interferometer. The interferometer was 

then bolted securely to the spider to prevent any lateral 

movement of the piston,rod which extended' through the base 

of the tank. The driving mechanism beneath the tank was 

accurately aligned with the end of the piston rod which 

extended through the base of the tank* The vertical rod 

of the driving mechanism and the Interferometer' piston rod 

were securely fastened together by a rigid sleeve type 

coupling. 

All gas connections, valves, gages, etc.* were pro¬ 

perly installed and the quarts crystal was placed Inside the 

interferometer. The driving oscillator was tuned to the 

natural frequency of the crystal and several check meas¬ 

urements were made on air at ambient conditions in order 

to insure -that the apparatus was functioning properly. 





All flanged joints and other connections were bolted 

securely and the system pressurised with nitrogen at 70 

pslg for the purpose of testing for leaks. The heating 

Jacket in which the interferometer was housed was filled with 

water and any leaks could be detected by the presence of 

bubbles rising to the sufface of the water. If the pre¬ 

ssure remained constant for a period of six to ten hours 

the system was considered satisfactory for operation. 

A conventional vacuum pump was used to evacuate the 

system for a period of about twelve hours before the gas 

under test was admitted. At least four or five purgings 

were used to insure a proper gas sample before a sample 

was sealed in the system at a pressure of 50 pslg. Such 

a procedure was dictated by previous experiments using the 

same apparatus for work with normal heptane. However, a 

determination of the acoustic velocity was obtained after 

the above pruglngs and the sample was then exhausted to 

atmosphere and the system refilled and another acoustic 

determination made. Vflien no significant change occurred 

between two gas samples within limits of experimental 

error, the final gas sample was sealed in the system and 

the apparatus properly adjusted for continuous operation. 

The initial experiment was carried out under room 

temperature conditions at a gas pressure of 50 psig. All 

the electrical appratus was turned on and allowed to warm 

up and reach a stable condition. The driving oscillator 

was tuned to the natural frequency of the crystal, final 

adjustment being made with a special vernier condenser in 
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the oscillator circuit to detect the critical point or lowest 

voltage of the crystal crevasse* Under such conditions the 

crystal was set into mechanical oscillation with a minimum 

amount of voltage appearing across the two parallel surfaces 

of the crystal. The interferometer was then tuned acoustical¬ 

ly by moving the reflector piston about ten half wave lengths 

away from the crystal and readjusting the crystal crevasse 

for minimum voltage. The initial position of the piston with 

respect to the crystal was noted and recorded and the driving 

mechanism was slowly turned thereby moving the piston or re¬ 

flector. The half wave length intervals could be noticed by 

the change in voltage appearing across the crystal as the re¬ 

flector advanced. After passing through ten half wave length 

intervals the position of the reflector was again noted and 

recorded. At the same time a continuous determination was, 

made of the frequency of the crystal by a beat method with a 

crystal controlled oscillator and the frequency was noted and 

recorded. The above process was repeated twelve times in or¬ 

der to obtain an average set of readings for the given gas 

pressure and temperature. 

When the room temperature experiment was completed su¬ 

perheated steam .was allowed to enter the heating jacket or 

tank thereby slowly increasing the temperature of the gas un¬ 

der test inside the interferometer to the desired temperature• 

Steam flow; conditions were obtained such that it took from 

six to eight hours to reach the desired temperature. From 

previous experience such a procedure was necessary in order 

to avoid galling between the piston and cylinder of the in¬ 

terferometer. Since the gas was heated at constant volume it 

was necessary to bleed a portion of the gas from the system 

at the higher temperature to maintain a constant pressure of 

SOpsig inside the interferometer. 
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Temperature measurements were taken of the gas inside 

the interferometer and the superheated steam in the heating 

jacket at regular intervals until the temperatures were 

equal. After stable conditions prevailed a similar set of 

'experimental data was obtained in the manner'above mentioned 

with ambient temperature conditions. 

When the particular gas sample under investigation was 

completed the entire system was allowed to slowly cool down 

to room temperature by trapping the superheated steam in the 

heating jacket. In this, way distortion of the component parts 

of the interferometer was avoided; 

It was then necessary to purge the interferometer and 

repeat the process of check tests with the new gas sample as 

previously mentioned before obtaining further experimental 

data. ■ 
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IV. EXPERIMENTAL RESULTS 

The experimental results obtained in the present 

work are tabulated in the following pages. A curve 

sheet is Bhown indicating the change in the acoustic 

velocity for pure nitrogen, pure carbon dioxide and 

mixtures of these two gases vs; temperature, from room 

temperature to 525° Fi at a constant pressure of 50 psig. 

Another curve sheet shows the change in the acoustic 

velocity of nitrogen as carbon dioxide is added for 

various constant temperature conditions. ^ 
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THE VELOCITY OF SOUND'IN NITROGEN 

PRESSURE 50 pal, 

-TEMPERATURE 79.5° F. 

Platon Position ( Indies) No * of Half Half wave 

Initial Final Difference wave length length( Inches) 

0.8729 0:7516 0:1213 •10 0.01213 

0.8853 0,7639 0:1214 . 10 0.01214 

0.7759 0.8973 0.1214 10 0.01214 

0.8853 0.7640 0.1213 y. 10. ,.y y 0.01213 
0.8978 : 0.7763 0.1215 10 ;y. 0.01215 

0.8853 0.7640 0.1213 y 10 . 0.01213 

0.8730 0.7516 0,1214 /y ■ 10 .' 0.01214 

0.7885 0.9345 0.1460 y 12 " 0.01215 

0.7519 0.9463 0,1944 0.01215 

0.9100 0,7886 0.1214 10 •0.01214 

0.7761 0,9340 •. 0.1579 •y 03y;’:Hv 0.01214 

0.9220 0.7664 0.1576 ", 13 0.01213 

Average half wave length : 0.0121392 + 
' u 

7*6 x 10 in. 

;; Average wave .length : 0.024278 + 1,52 x 10 in. 

Frequency : 572,220 cycles per second. 

Velocity of sound i 1157*71 + 0.72 ft./sec. 
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THE VELOCITY OF SOUND IN NITROGEN 

PRESSURE 50 pal. 

TEMPERATURE 328° F. 

Piston Position (Inches) No. of half wave Half wave 

Initial Final Difference length 
length(Inches) 

0,8690 0.7208 0.1482 10 0.01482 

0,7212 0.8698 0.1484 10 0.01484 

0.8834 0.7352 0.1483 10 0.01483 

0.8985 0.7501 0.1484 10 0.01484 

0.7203 0.8697 0.1484 10 0.01484 

0.8690 ; 0.7207 0.1484 10 0.01484 

0.8987 0.7503 0.1484 10 0.01484 

0.7539 0.8844 0.1485 10 0.01485 

0.8985 . 0.7501 0.1484 10-■■■■■■'; 0.01484 

0.7516 0.9001 0.1485 ' 10 0.01485 

0.7364 0.8847 0.1483 10 0.01483 
0.8242 0.7500 0.0742 ' ' " 5 ' 0.01484 

Average half wave length ; 0.0148375 + 4.4 x 10 In. 

Average wave length : 0.029675 + 8.8 x 10'b In. 

Frequency : 569*930 cycles per second. , 

Velocity of sound : 1409.38 +.0.41 ft./sec. 
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THE VELOCITY OF SOUND IN NITROGEN 

PRESSURE $Q psl. 

TEMPERATURE 362° F. 

Piston Position (Inches) 

Initial Final Difference 

0.8818 0.7307 ,0.1511 

0.7320 0.8832 0.1512 

0.8967 0.7456 . 0.1511 

0.8967 0.7456 0.1511 
0.9142 0.8385 0.0757 

0.8969 O.7456 ■ jo 11513 
0.8967 0.7455 <0ll512 

O.778O 0.8536 jo.0756 

0.7938 0.8964 0.0756 

0.8968 0.7456 0.1512 

0.7634 0.9147. 0.1513 

0.8968 0.7455 0.1513 

No. of half Half wave 

wave length length(Inches) 

10 0.01511 

10 0.01512 

10 0.01511 

10- 0.01511 

5 '0.01514 

10 0.01513 

10 0.01512 

5 0.01512 
5 :f0.01512 

10 jo.01512 

10 0.01513 

10 0.01513 

Average half wave length : 0.01512167 + 2.6 x 10’6 In. 

Average wav© length ; 0.03024334 ± 5.2 x 10 in. 

"Frequency : 569»450 cycles per second. 

Velocity of sound ; 1435.17 +, 0.24 ft./sec. 
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THE VELOCITY OF SOLID IM'KITRCGES 

PRESSURE ' 50 pal;• 

TEMPERATURE 3S3 * F. 

fPiston Position (Inches) Ho. of half 

Initial Final Difference wave length 

Half wave 

length(Inches) 

0.8756 p*7680 0.1076 7 0.01540 

0.8902 0.7670 0.1232 8 0.01540 

0.7528 j 0.9070 0.1542 10 0.01542 

0.7537 : .,0.9075 0.1538 10 0.01538 

0.8752 > ;;0.7208 
•> 

0.1544 10 0.01544 

0.7382,/' •0.8922 0.1540 10 0.01540 

0.9048; ' 0.7506 0.1542 10 0.01542 

0.7830 ! 0*8913 0.1038 7 0.01540 

0*9039 j £.7496 0.1543 10 0.01543 

0:9036/ P*7496 0.1540 10 0.01540 

0*7536? 
J /: 7 

70.8307 
/ , ft ; 

0.0771 5 0.01542 

- ' ' 'v iftf ' ■ ' 1 
/ / /i j 1 

# ■ 7 7 //' 
' Average; ha^.f wave length : 0.01541 +.1.8 x 10 in 

A" 

Average: 

/■ / 

wave length : 0.03082 + ; 3.6 x 10 in* 

Frequency s 5691260 cycles per second. 

^/Veiociiy of sound s 1462.04 + 1 #7 ft•/S6C• 

f 
7 

■ i i 
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THE VELOCITY OF SOUND IN NITROGEN 

PRESSURE 50 pal. 

TEMPERATURE 457° F* 

Piston Position (inches) No. of half wave Half wave 

Initial Final Difference length length(INCHES) 

0.7434 0.9037 0.1603 10 0.01603 

0.8910 0.7306 0.1604 10 0.01604 

0.8745 0.7305 0.1440 9 0.01600 

0.8105 0.7304 0.0801 5 0.01602 

0.8106 or. 7305 0.0801 5 • . 0.01602 

0.8426 0.7465 0.0961 • 6 0.01601 

0.7654 0.8454 0.0800 5 :i 0.01600 

0.8107 0.7307 0.0800 5 , 0.01600 

Average half wave length : 0.016015 +. 1.4 x 10 in. 

Average wave length * 0.03250 -f 2.8 x 10 in. 

Frequency : 567*550 cycles per second. 

Velocity of sound : 1514.88 ft./sec. 
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THE VELOCITY OF SOUKS IN NITROGEN 

PRESSURE '50 pal. 

TEMPERATURE 527° F. 

Piston Position (Inches)• 

Initial Final Difference 

0.8705 0.7372 0.1333 

0.7589 Of8584 0.0995 

0.8578 0.7545 0.0833 

0.7755 0,8588 0.0833 

0.8379 0.7545 0.0834 

0.7757; 0.8590 0.0833 

0*7595 0.8429 0.0834 

0.7595 0.8429 0.0834 

Ho. of half Half wave 

wave length length(Inches) 
. ; \ 

8 0*01666 

6 0.01660 

5 0.01666 

5 0.01666 

5 0.01668 

. 5 .0.01666 . 

5 .0.01668 . 

. 5 - ■0.01668 ■ 

Average half wavd length s 0.01666 ± 1.7 ,?c 10~4 in. 

Average wave length j 0.03332 + 3*4- x 10• In. 

Frequency : 566,290 cycles per second. 

Velocity of sound ; 1572.3 +1.5 ft./sec. 
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The velocity of sound in 

81.5/£-18.5% Ns - 0 0S Mixture 

Pressure 50 psi. 

Temperature 79*9° F. 

Pi3ton Position (inches) 
Initial Final Difference 

No.of Half 
wave length 

Half wave 
length(Inches) 

0.8703 0.7555 0.1148 10 0.01148 

0.8697 0.7551 0.1146 10 0.01146 

0.7680 0.8255 0.0575 5 0.01150 

0.8137 0.7333 • 0.0804 7 0.01148 

0.7566 0.8139 0.0573 5 0.01146 

0.8139 0.8714 0.0575 5 0.01150 

0.8505 0.7439 0.1146 10 0.01146 

0.7596 0.8717 0.1148 , 10 0.01148 

0.8587 0*7440 0*1147 10 0.01147 
0.8586 0.7439 0*1147 10 0.01147 
0.7556 0*8716 0*1150 10 0.01150 

0*7569 0.8717 0*1150 10 0.01150 

0*8587 0*7439 0*1148 10 0.01148 

—y 
Average half wave length : 0.01148 + 1.7 x 10 in. 

Average wave length ; }0.02296 + 3.4 x 10 in. 

Frequency : 572,036 cycle per second. 

Velocity of sound : 1094.4 0.15 ft./sec. 
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THE VELOCITY OF SOUND IN 

81.5% - 1895% Ns - C02 MIXTURE 

PRESSURE . p0 psi. 

TEMPERATURE / 312.3 °F.- 

Piston Position (Inches) No. of half Half wave 
Initial Final Difference wave length lehgth(Inches) 

0.7377 0,8743 0.1366 10 0.01366 

0.8859 0.8494 0.1365 10 0.01365 

0.7655 0.9019 0.1364 10 0.01364 

0.7656 0.9020 0.1364 10 0.01364 
0.7650 0.9015 0.1365 10 0.01365 

0.8859 0.7495 0.1364 10 0.01364 
0.7649 0.9014 p.1365 10 ot 03.365 
0.7648 0.9015 0.1367 10 O.OI367 
0.8852 0.7484 0.1368 10 0.01368 

0.8856 0.7492 0.1364 10:1 0.01364 

S 

Average halfwave length : 0.013652 + 1.6x10 in. 

Average wave length J 0.027304 +_3.2xlO"& in. 

Frequency : 569,904 cycle, per second. 

Velocity of sound t 1296.7+0.15 ft./sec. 
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THE VELOCITY OF SOUND IN 

81.5# - 18.5# Ns- COe MIXTURE 
PRESSURE ;; 50 psl. 

TEMPERATURE 356.8° F. 

Piston Position (Inches) No.of half Half wave 
Initial Final Difference wave length length(Inches) 

0.8640 0.7237 0.1403 10 0.01403 

0.7400 0.8805 0.1405 10 0.01405 

0.8640 0.7237 0.1403 10 r0.01403 

0.8643 O.7239 0.1404 10 0.01404 

0.7403 0.8807 0.1404 10 0.01404 

0.7399 0.8805 0.1406 10 0.01406 

0.8639 0.7236 0.1403 10 0.01403 

0.7938 0.8801 0.1403 10 0.01403 

0.8640 x 0>7236 0.1404 10 0.01404 

0.7538 0.8660 0.1122 8 0.01403 

0.8499 0.7237 0*1262 9 0.01402 

0.7537 0.8238 0.0701 5 0.01402 

Average half wave length % 0.014035 + 2. 
- b 

2x10 in. 

Average wave length : 0.02807 +. 
Frequency : 569»175 cycles per i 

4.4x10' 
second. 

in. 

Velocity of sound J 1331.3 + 0.2 ft./sec • . 



4o 

THE VELOCITY OF SOUND IN 

81.5^-18.5^ NgCOg MIXTURE 
PRESSURE 

TEMPERATURE 

Piston Position (Inches) 
Initial Final- Difference 

0.8188 0.7450 0.0738 

0.8627 ' O.715O 0.1477 

0.7885 0.7148 0.0737 

0.8624 0.7887 O.D737 

0.7316 0.8792 0.1476 

0.8613 0.7436 0.1177 

0.7613 ' 0.9089 0,1476 

0.8911' 0.7436 0.1475 

0.7612 ? . 0.8940 0.1328 

0.8759 ' 0.7284 0.1475 
0.7324 0.8801 0.1477 

0.7321 0.8058 0.0737 

0.8617 0.7438 0.1179 

0*7883 0.7145 0.0738 

00 psi. 
430° F. 

No. at half Half wave 
wave length length(Inches) 

5 0.01476 

10 ■ 0.01477 

5 0,01474 

5 0.01474 

10 0.01476 

8' , 0.01474 

10 0.01476 

10 0.01475 

9 0.01475 

10 0.01475 

10 0.01477 

5 ' 0.01474 

8 0,01474 

. 5 : 0.01476 

Average hall) wave length ; 0.014752 + 1.4x10 b in* 

Average wave length : 0.029504 +, 2.8x10 b in. 

Frequency : 566,384 cycles per second. p ' 

Velocity of sound : 1392.5 +, 0.12 ft./sec:. 

/ '/ 

I 
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VELOCITY OF SOUND IN 

81.5^-18.5^ Ns -C Os MIXTURE 

PRESSURE - 50'psi. 

TEMPERATURE 529.6° F. 

Piston Position ( Inches) No.of half Half wav© 

Initial Final Difference ware length length (Inches) 

0.8747 0.7193 0.1554 10 0.01554 

078747 0.7195 0.1552 10 0.01552 

0.7535 0.8312 0.0777 5 0.01554 

0^8596 0.7198 0.1398 9 0.01553 

0.8749 0*7353 0.1396 -9 0.01552 

■0;7387 0.8939 0.1552 10 0.01552 

0.8906 0.7355 0.1551 10 0.01551 

O.7534 0.8310 0.0776 5 .0.01552 

O.8I34 0.7201 0.0993 6 0.01555 

O.7230 0.8006 0.0776 5 0.01552 

0.8454 0.7058 0.1396 9 0.01552 

0,7832 0.7056 0.0776 5 0.01552 

Average half wave length : 0.0155258 ±_2.5x10 in. 

average wave length : o.0310516 ±_5x10 in. 

Frequency : 565»588 cycles per second. 

Velocity of sound t 1463*35 ±0.23 ft ./sec. 
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THE VELOCITY OF SOUND IN 

73.62$-26.38$ Ne-COe MIXTURE 

PRESSURE SO psi. 

TEMPERATURE 82.9°F. 

I 

Piston Position (inches) 

Initial Final Difference 

0.7734 0.7292 0,0442 

0.7300 0.8408 0,1108 

0.8394 0.7290 0.1104 

0.7415 0.8520 0.1105 

0*7301 0.8408 0.1107 

O.8O63 0.7511 0.0552 

0,7301 0.8407 0.1106 

0.8293 0.7741 0.0552 

0.7303 0.8410 0.1107 
0.8290 0.8511 0.0221 

No. of half Half wave 

wave length .length(lNches) 

4 0.01105 
10 0.01108 

10 0.01104 

10 0.01105 

10 0.01107 

5 : 0.01104 

10 0.01106 

5 , 0.01104 

10 • 0.01107 

2 0.01106 

. ' - b 
Average half wave length : 0.011055 ±1*96 x 10 in. 

Average wave length : 0.02211 + 3*92 x 10 ^in. 

Frequency : 572,480 cycles per second. 

Velocity of sound ; 1054.7 +0.18 ft./sec. 
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THE VELOCITY OF SOUND IN 

73*$£$‘-26,38$ Njg-COj, MIXTURE 

PRESSURE 50 pel. 
TEMPERATURE 315° F. 

Piston Position (Inohes) 

Initial Final Difference 

0.8900 v0.7594 0.1306 
0.8901 0.7594 0.1307 
0.8899 0.7594 > 0.1305 
0.7736 0.9043 : 0.1307 
0.7602 0.8908 ' 0.1306 

0.7605 0.8912 0.1307 
0.7470 0.9437 0.1957 
0.7341 0.9300 0.1959 
O.7723 0.7201 0.0522 
0.7469 0.8775 ; 0.1306 
0.7729 0.8773 0.1044 

No. of half Half wave 

wave length length(Inches) 

10 0.01306 
10 0.01307 

: ,10 0.01305 
io 0.01307 
10 :? 0.01306 
10 0.01307 
15 0.01305 
15 0.01306 
.5 0.01305 
10 0.01306 
8 0.01305 

: V •. ■' / _£> 
Average half wave length : 0.013059 +. 1.42 x 10 in. 

Average wave length : 0.026118 + 2.84 x 10‘6 in. 

Frequency : 570,012 cycles per second. 

Velocity of sound : 1240.6 + 0.13 ft./sec. 
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THE VELOCITY OF SOUHD IK 

75.62^-26.38^ Ne-C0s MIXTURE 
PRESSURE 50 psi. 

TEMPERATURE 355.5°F. . 

Piston Position (inches) 
Initial Final Difference 

Ho. of half 
wave length 

0.8582 6.7230 6.1352 10 . 

0.7377 6.8728 6.1351 10 
0.7385 6.8736 6,1351 10 
0.8581 6*7229 6.1351 10 

0.8580 0.7230 6.1350 10 

6.8848 , 6.7495 6.1353 10 

0.9254 0.7228 0.2026 ' 15 

0.7,645 0*8995 6.1350 10 

0.8587 0.7234 6.1353 10 

6.8855 6.7503 6.1352 10 '■ 

6.8584 6.7231 6.1353 10 

o'. 8980 0.7627 0.1353 10. 

0.7794 0.8470 0.0676 6, 5' ■ <;.> 

Average half wave length 0.013518 ± 2.3 

average wave length ; 0.027036 '+ 4.6 x 10 

Frequency : 568,363 cycles per second. 
Velocity of sound : 1280.4 + 0.21 ft./sec. 

Half wave 
length( Inches') 

0.01352 

6.01351 

0.01351 

0.01351 

0.01350 

0.01353 

6.01352 

6.01350 

6.01353 

6.01352 

6.01353 

0.01353 

0.01352 

. t 

x 10 in. 

• in. 
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THE VELOCITY OF SOUND IN 

73.62^-26.38^ N2-C02MIXTURE 

PRESSURE 50'psi. 

TEMPERATURE 416.5° F. 

Piston Position (inches) No. of half Half wave 

Initial Final Difference wave length length(Inches) 

0.8946 0.7547 ■ 0.1399 10 0.01399' 

0.7415 0.8814 0.1399 10 0.01399 

0.8663 0.7264 0.1399 10 0.01399 

0.7552 0.8953 0.1401 10 0.01401 

0.8800 0.7401 0.1399 10 0.01399 

0.7550 0.8952 0.1402 10 0.01402 

0.8800 0.7401 0.1399 10 0.01399 

0.8521 0.7121 0.1400 10 0.01400 

0.7414 0.8815 0.1401 10 0.01401 

0.8663 0.7263 0.1400 10 0.01400 

0.8663 0.7262 0.1401 10 0.01401 

Average half wave length : 0.01400 + 2.5 x 
u 

10"in. 

Average wave length : 0.03800 + 5.0 x 10' in. 

Frequency : 567»856 cycles per second. 

Velocity of sound : 1324.9 + 0.23 ft./sec • 



THE YELOCITY OP SOUND IN 

73*62^-26.38^ Ns-COs MIXTURE 

PRESSURE 50 psi. 

TEMPERATURE 491.8°F. 

Piston Position (inches;) No. of half 

Initial Pinal Difference wave length 

0.7458 0.8191 0.0743 5 

0.8755 0.7292 0.1463 10 

0.8755 0.7292 0.1463 10 

0*7462 0.8926 0.1464 10 

0*8755 0.7292 0.1463 10 

0.7460 0*8923 0.1463 10 

0.4756 0.7293 0.1463 10 

0.7456 0.8919 0.1463 10 • 
0.9048 0.7295 0.1753 ; 12 • 

}O|7458 , 0.8924 0.1466 IQY; \ 
jo 47459 : 0.8924 0.1465 . 10 

047465 0.8929 0.1464 . 10 

0.8334 0.8929 0.0585 4 '.V: 

Average half wave length : 0.014636 + 5*1 - 

Average wave length ; 0.029272 +, 10*2 x 10 

; Frequency : 566,640 cycles per second. 

Velocity of sound : 1382.22+0*5 ft./sec. 

Half wave 

length(Inches) 

0*01466 

0.01463 

0.01463 

0.01463 

0.01463 

0.01463 

0.01463 

0.01463 

0.01462 

0.01466 

0.01465 

0.01464 

0.01463 

c 10"* in. 
b ■ ■; 
in. 
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THE VELOCITY OF SOUND IN 

48l2$-51*8$ COa-Nx MIXTURE 

PRESSURE 50 psi. 

TEMPERATURE 75-3*F. 

Piston Position (Inches) No.of half Half wave 

Initial Final 
7 

Difference wave length length(Inches) 

0.8174 0*7330 0.0844 8 0.01056 

0.8279 0*7222 0.1057 10 0.01057 

0.3337 0.7330 ' ^ ^ 0.1057 10 0.01057 

0.8337 ' ■/ 0*733° 0.1057 10 0.01057 

0.8496 0l?i40 0.1056 10 0.01056 

0.8383 : ; o;7327 0.1056 10 0.01056 

0.7355i'/ ^0.8413 0.1058 10 0.01058 

0.8334 •'y p.7323 0.1056 10 0.01056 

0.8266 ;-j |o*7lo8 0.1058 10 0.01058 

0*847.6. j ; f0*7413 0.1058 10 0.01058 

0.8433 / 
;0>7425 0*1053 10 0.01058 

0^/852 / • ' Jo.*b23 j1 • -7 0.0529 5 0.01058 

.y ? I - ■: -fc> 

;Average )half wave length : 0.0105703 +^2.94x10 In. 

Average wave length : 0.0211416 +^5 • 88x10'^ In. 

Frequency t ; 573*860 cycles per second. 

Velocity of? sound s 1011.03 +. 0.28 ft ./sec. 
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THE VELOCITY OF SOUS© IS 

48.2JS-51.8# C02 -Hz MIXTURE AT 

PRESSURE 50 pal. 

TEMPERATURE 504.60 F 

Pi3ton poaltIon(inches) Ho. of half Half wave length 
Initial Final Difference wave length (inches) 

0.7250 0.8483 0.1235 10 0.01235 

0.8454 0.7218 0.1236 10 0.01236 

0.7368 0.7985 0.0617 5 0.01234 

0.8084 0,7466 0.0618 5 0.01236 

0.8208 0.7219 0.0989 8 0,01235 

0.7493 0.8112 0.0619 5 0.01238 

0.7838 0.7219 0.0619 5 0.01230 

0.7370 0.8616 0.1236 10 0.01236 

0.8338 0.7530 ■ 0.0988 8 0.01235 

0.7500 0.8218 0.0618 5 0.01236 

.6 
Average half wave length i 0.012359 + 3 x 10 In. 

Average wave length ; 0.024?18 + 6 x 10" In. 

Frequency : 570,464 cycle per second. 

Velocity of sound s 1175.05 .+ 0.285 ft./sac. 
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THE VELOCITY CF SOUHD IK 

43.2^-51.8^ COS-N8 MIXTURE 

PRESSURE 50 psi. 

TEMPERATURE 346. 1 *F. 

Piston Position (Inches) Ko. of half Half w$ve 

Initial Final Difference wave length length(lKCKES) 

0.7650 0.8287 0.0637 5 0.01274 

0.7520 0.8414 0.0394 7 0.01276 

0.8003 0.7367 0.0636 5 0.01272 

0.7667 0.8303 0.0636 5 0.01272 

0.7872 0.7235 0.0637 5 0.01274 

0.7452 0.8090 0.0638 5 0.01276 

0.7875 0.7237 0.0633 5 0.E1276 

0.7405 0.8042 0.0638 5 0.01274 

0.7875 0.7237 O.O638 5 0.01276 

Average half wave length : 0.012744 +^1.73x10 in. 

Average wave length : 0.025488 +, 3.56x10"* in. 

Frequency : 568,180 cycles per second. 

Velocity of sound ; 1206.8 +, 0.18 ft./sec. 
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TEE VELOCITY OF SOUND Hi 

48.2^-51.8^ C08-N8 LECTURE 

PRESSURE 50 psl. 

TEMPERATURE 449° F. 

Piston Position (Inches) No.of half Half wave 
Initial Final Difference wave length length(Inches) 

0.7322 0.7998 0.0676 5 0.01352 

0.7318 0.7996 0.0678 5 0.01356 

0.8034 0.7417 0.0677 5 0.01354 

0.7821 0.7144 0.0678 5 0.01354 

0.7322 0.8000 0.0678 5 0.01356 

0.7819 0.7133 0.0676 5 0.01352 

0.7313 0.7990 0.0677 5 0.01354 

0.7317 0.7996 0.0679 5 0.01358 

0.7819 0.7143 0.0676 5 0.01352 

Average half wave length j 0.0135422 £ 1.74 x 10-6 in. 

Average wave length : 0.0370844 +_ 3*48 x 10in. 

Frequency : 569»788 cycles per second. 

Velocity of sound ; 1286.02 +0.19 ft./sec. 
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* THE VELOCITY1 OF SOUND Ih 

48.2^-51,8^ GQS 4NSMIXTU
:KE 

PRESSURE 50 psi. 

TEMPERATURE 475° F. 

Piston Position (inches) No. of half Half ways 
Initial Final Difference wave length Length( Inches) 

0.7984 0.7290 0.6694 5 0.01388 

0.7330 0.8024 0,0694 | 5 . 0.01388 

0.7847 0.7153 0.0694 • 5 0.01388 

0.7336 0.8031 0.6695 5 ; 0.01390 

0.7844 0^7150 0.0694 5. : 0.01388 

0.7838 0.7143 0.6695. ■5. ; y 0,01390 
0.7846 0.7152 0.0694 5 | 0.01388 

' -<o 

Average half wave length J 0.013887 +, 1.55x10 in. 

Average wave length : 0.027774 +.3* 10x10~b in. 

Frequency s 566,760 cycles per second. • 

Velocity of sound : 1311.7 /+.. 0.16 ft./sec. 



THE VELOCITY OF SOUND IN 

25.46^-74,54^ NB-COs MIXTURE 

PRESSURE 50 pal.' 

TEMPERATURE 83.7® F. 

Piston Position (Inches) No. of half Naif wave 

Initial Final Difference vrave length length (Inches) 

0.7383 0.8395 0.1012 10 0.01012 

0.7762 0.7258 0.0504 5 0*01008 

0.8169 0.7161 0.1008 10 0.01008 

0.7383 0.7888 0.0505 5 0.01010 

0.7763 0,7258 0.0505 5 0.01010 

0.7383 0.8394 0.1010 10 0.01010 

0.8166 0.7259 0.0907 9 0.01008 

0.7868 0.7364 0.0504 0.01008 

0.7672 O.7168 0.0504 ' 5 . 0.01008 

0.7384 0.8391 0.1007 10 0.01007 

• ■ -b 
Average half wave length : 0.01009 + 4.7 x 10 in. 

■ -fr 

Average wave length ; 0,02018 +9.4 x 10 in. 

Frequency ; 572,328 cycles per second. 

Velocity of Bound : 962,46 ,+ 0.8 ft./sec. 
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THE VELOCITY OF SOUND IN 

25.46^-74.54$ Ns-COs MIXTURE 

PRESSURE 50 pal * 

TEMPERATURE 330.7°F. 

Piston Position (Inches) 

Initial Final Difference 

0.^7494 0.8688 0.1174 

0.8524 0.7355 0.1174 

0.7710 O.7123 0,0587 

0.8296 0.7121 O.II75 
0.7822 0.7235 0.0587 

0.7382 0.7969 0,0587 

0.8290 0.7116 0.1174 

0.7824 0.7237 0.0587 

0.7822 0.7236 0.0586 

0.7818 0.7232 0.0586 

No. of half Half wave 

wave length length(inches) 

10 0.01174 

10 0*01174 

5 0.01174 

10 0.01175 

5 0.01174 

5 0.01174 

10 0.01174 

5 0.01174 

5 :0.01172 

5 0.01172 

■ ■ 1 • -b 
Average half wave length : 0.011737 +, 0.17 x 10 in. 

Average wave length ; 0.023474 +, 0.34 x 10 in. 

Frequency : 569*540 cycles per second. 

Velocity of sound i 1114.12 +0.24 ft./sec. 
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THE VELOCITY OP SOUND IN 

25.46^-74.54$ N2-COB MIXTURE 

PRESSURE 50 psi* 

TEMPERATURE 382;6°F. 

Piston Position (inches) 

Initial Final Difference 

0;7772 0;7165 0;0607 

0;8375 0.7162 * 0.1213 , 

0;7308 , 0/.8524 0*1216 

0*7771 0;7165 0;0606 

0;8376 0;7162 0.1214 , 

0*8620 0;7404 0*1216 

0;7897 0;7290 0;0607 

OiT895 
{ v< 

0;7288 0.0607 . 

0-.8014 0;7165 0.0849 . 

No; of half Half wave 

wave-length length(Inches) 

5 0;01214 

10 0;01213 

10 0*01216 

5 0*01212 

10 0*01214 

10 0*01216 

5 0*01214 

5 0;01214 

7 0;01213 

.6 
Average half wave length : 0.01214 + 0;4 x 10 in; 

Average wave length : 0;02428 ± 0;8 x 10* in;: 

Frequency s 568,631 cycles per second* 

Velocity of sound ; 1150;5 + 0;6 ft./sec. 



THE VELOCITY OF SOUS© IK 

25.46^-74.54# Hs~COs MIXTURE 

PRESSURE 50 pal. 

TEMPERATURE 440* F. 

Platon Position (Inches) 

Initial Final Difference 

0.7527 0,7197 0.0629 

0.7548 0,797a 0.0630 

0.7826 0.7196 0,0630 

0.7347 0,7978 0.0631 

0.7353 0.8613 0.1260 

0.8455 0.7195 0.1260 

0.7347 0.7973 0.0631 

0.7028 0.7197 0.0631 

0.7345 0.7976 0.0631 

0,8682 0.7199 0*0883 

0.7474 0.8104 0.0630 

0,8455 0.7196 0.1259 

Ho. of half Half wave 

wave length length! Inches) 

5 0.01260 

5 0.01260 

.5 0.01260 

5 0.01252 

10 0,01260 

10 0.01250 

5 . 0.01262 
c v , 0.01262 

. 5 .. : 
0.01262 

7 . 0.01262 

5.. ' , , 0.01260 

10 0,01259 

-b 

Average half wave length s 0.012608 +. 0*33 x 10 in* 
Average wave length : 0,025216 + 0,66 x 10~& in. 
Frequency : 567»516 cycles per second. 
Velocity of sound ; 1192.54 +. 0.42 ft ./sec. 
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THE VELOCITY OP SOUND IN 

25.46^-74*54$ NS-CGS MIXTURE 

PRESSURE 50 psi. 

TEMPERATURE 497.4°P* 

Piston Position (Inches) No. of half Half wave 

Initial Final Difference wave length length(INCHES) 

0.8540 0.7233 0.1307 10 0.01307 

0.7391 0.8697 0.1306 10 0.01306 

0.7890 0.7236 0.0654 5 0.01308 

0.7393 0.8047 0.0654 5 ■ 0.01308 

0.7890 0.7237 0.0653 5 0.01306 

0.7384 0.8041 0.0654 5 0.01308 

0.7386 0.8039 0.0653 5 : i0.01306 

0.7384 0.8037 0.0653 - 5 ■■■ 0.01306 

0.7490 0.7229 0.0261 v 2 0.01305 

0.7385 0.8038 0.0653 ; 5 0.01306 

-t> 

Average half wave length : 0.0130733 +. 2.6 x 10 in. 

Average wave length : 0.0261466 s 5.2 x 10’fc in. 

Frequency : 565,140 cycles per second. 

Velocity of sound : 1231,37 + 0«3 ft./sec. 
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THE VELOCITY OP SOUND IN CARBON DIOXIDE 

PRESSURE 50 psi. 

TEMPERATURE 82.76F. 

Piston Position (Inches) 

Initial Pinal Difference 

0.7372 0.8326 0.0954 

0.7279 0.8235 0.0956 

0.7369 0.7846 0.0477 

0.7724 0,7236 0.0477 

0.7632 0.7144 0.0478 

0.7274 O.7752 0,0478 

0.7367 0.7844 0.0477 

0.8011 0.7534 0.0477 

0.7650 0.8128 0.0478 

0.8010 O.7532 0.0478 

0.7458 0.7935 0.0477 

No.' of half Half wave 

wave length length(Inches) 

10 0.00954 

10 0.00956 

5 0.00954 

5 0.00954 

5 0.00956 

5 0.00956 

5 0.00954 

‘ 5 0.00954 

•5 0.00956 

5 0.00956 

. 5 ,0.00954 

Average half wave length : 0.009549 +, i.l x 10 in. 

Average wave length ? 0.019098 _+_2.2 x 10'6 in. 

•. Frequency : 572,000 cycles per second. 

Velocity of sound : 910.3 £_0.1 ft./sec. 
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THE VELOCITY OF SOUND IN CARBON DIOXIDE 

PRESSURE 50 pal. 

TEMPERATURE 314.5°P. 

Platon Position (Inches) No. of half Half wave 

Initial Pinal Difference wave length length(Inches) 

0.7646 0.8751 0.1105 10 0.01105 

0.8492 0.7385 0.1107 10 0.01107 

0.8384 0.7278 0.1106 10 0.01106 

0.7649 0.8754 0.1105 10 0.01105 

0.8593 0.7490 0.1103 10 0.01103 

0.8600 0.7493 0.1107 10 0.01107 

0.8597 0.7494 0.1103 10 0.01103 

0.7757 0.8864 0.1107 10 . 0.01107 

0.7428 0.8534 0.1106 10 , 0.01106 

0.8268 0.7164 0.1104 . 10 0.01104 

0.8266 O.7159 0.1106 10 : 0.01106 

0.7319 0.8423 0.1106 10 0.01106 

0.8593 0.7490 0.1103 10 0.01103 

• Average half wave length : 0.011052 + 6.1 x 10 in. 

i : Average wave length i 0• 022104 HK 1«22 x 10 in. 

. Frequency : 570,050 cycles per second. 

Velocity of sound. : 1049.98 +^0.58 ft./^sec. 
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THE VELOCITY OF SOUND IN 

CARBON DIOXIDE ' 

PRESSURE 50 pal* 

TE1-SPERATURE 375*2° F* 

Piston Position (Inches) No. of half 

Initial Final Difference wave length 

0.7622 0.7040 O.0582 5 

0.7H9 0.7424 0.0577 V 5 

0.7708 0.7130 0.0578 5 

0.7587 0.7010 0.0577 5 

0.7048 0.7620 0.0578 5 

0;7588 0.7008 0.0580 . 5 
0.7170 0.7748 0.0577 5 

0.7587 O.7006 0.0581 5 

0.7816 0.7236 0.0580 5 

0.7712 0.7132 0.0580 5 

Average half wave length : 0.01158 ± 2.1 

Average wave length * 0.02316 . 4*2 x 10 

Frequency : 568,760 cycles per second. 

Velocity of sound ; 1097*7 ft ./sec. +, l.S 

Half wave 

length(Inches) 

0.01163 

0.01154 

0.01156 

0.01154 

0.01156 

0.01160 

0.01154 

0.01162 

0.01160 

0.01160 

x 10 In. 
9 " 

in. 

> ft./sec. 
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THE VELOCITY OF SOUND IK CARBON DIOXIDE 

PRESSURE 50 pal;. ' 

TEMPERATURE 383.5 eF. 

Piston Position (Inches) ■•No* of half Half wave 

Initial Final Difference wave length length(Inches) 

0.7452 0.8615 0.1165 10 0.01165 

0.7573 
■ * , 0.8737 0.1164 10 0.01164 

0.7687 0.8853 0.1166 10 0.01166 

0.8674 0.7510 0.1164 10 0.01164 

0.8686 0.7522 0.1164 10 0*01164 

0.7704 0.8867 0.1163 10 0.01163 

0.7590 0.8754 0.1164 10 0.01164 

0.7476 0.8639 0.1163 10 ../ 0.01163 

0.7590 0.8756 0.1166 , 10 0.01166 

0.8679 0.7516 0*1163 10 0.01163 

0.8680 0.7514 0.1166 10 0.01166 

0.8453 ' 0.7285 0.1168 10 0.01168 

Average half wave length : 0.01165 +4.4 x 10 in. 
. * -b 

Average wave length : 0.02330 + 8.8 x 10 in. 

Frequency : 569,130 cycles per second. 

Velocity of sound : 1105.060.41 ft./see. 
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THE VELOCITY OF SOUED IN CARBON DIOXIDE 

PRESSURE 50 pal* 

TEMPERATURE 453.8° F. 

Piston position (Inches) No, of half Half wave 

Initial Final, Difference wave length lengthCInches) 

0.8745 0.9546 0.1199 10 0.01199 

0.7607 0.8807 0.1200 10 0.01200 

0.8623 0.7427 0.1196 10 0.01196 

0.7604 0.8802 0*1198 
' 10 0.01198 

0,8630 0.7430 0.1200 "* 10; . 0.01200 

0.7490 0.8689 0.1198 / " 10 V ' 0.01198 

0.8516 0.7316 0.1197 
10 : 

0.01197 

0.8631 0.7433 0,1196 ■ ::ip- 0.01196 

0.8746 0.7548 0.1197 
10 

0,01197 

0.8746 0.7550 0.1196 10 0.01196 

O.7371 0^8567 0.1196 10 0.01196 

O.7250 0.8445 0,1195 
10 7 

0.01195 

0.8390 0.7193 0,1197 
10 , 

0.01197 

O.7370 0,8567 0.1197 10 ; 0.01197 

0.8390 0.7192 0.1198. 0.01198 

../Average half, wave length : 0.011977 +, 5*4 x Ip In. 

Average wave length $ 0*023954 ,+ 1*03 x 10 
b
 In. 

Frequency* s 568,280 cycles per eecond. 

Velocity of sound s 1134.4 £ 0*5 ft./sec* 
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THE VELOCITY OF SOUND IN CARBON DIOXIDE 

PRESSURE ' 50 pal. 

TEMPERATURE 516° F. 

No. of half 

wave length Initial Final 

0.8572 0.7268 

0.7315 0,8573 

0.8527 0.7368 

0.7311 0.8571 
0.8403 0.7266 

0.7318 0.8578 

0.8535 0.7274 

0.7316 0.8575 

0.7443 0.8704 

0,7443 0.8704 
' 0.7322 0.8580 

0.8384 0.7124 

0.8376 0.7096 

O.7326 0.8585 

10 

10 

10 

10. 

9 

10 

10 

10 

0.1261 10 

0.1261 10 

0.1258 10 

0.1260 10 

0.1260 10 

0.1259 10 

Half wave 

length(Inches) 

0.01259 

0.01258 

0.01259 

0.01260 

0.01260 

0.01260 

0.01261 

0.01259 

0.01261 

0.01261 

0.01258 

,0.01260 

0.01260 

0.01259 

Piston Position (Inches) 

Difference 

0.1259 

0.1258 

0.1259 

0.1260 

0.1137 

0.1260 

0.1261 

0.1259 

— ia 
Average half wave length : 0.0125965 + 2.3 x 10 in. 

Average vxave length : 0.025193 ± 4.6 x 10 *6 in. 

Frequency : 566,900 cycles per second. 

Velocity of sound : 1190.15 +, 0.21 ft./sec. 



63 

V. 0; A L C: D L A T I 0 M S 

The well known equation for the velocity of sound in an 
(1) 

elastic medium' ' isi 

Y - = Jgj~ = J ~ * lxr)("%%r)T 

where, B^= -vUp/Sv )T ■ 

Bs= ~v(dp/6v )s 

k = Op/^ = Bs /BT 

f = M / V 

. y= JIZ^^USlx. 

V ■- Velocity of sound, 

f> = Density of gas, 

Bt= Isothermal hulk modulus of gas, 

Ba— Adiabatic bulk modulus of gas, b 
M = Molecular weight, 

v = Molar volume, 

k = Ratio of specific heats, 

If the velocity of sound had been determined by 

experimental methods, the ratio of specific heats can be 

calculated from the above equation, provided the bulk 
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modulus of the gas, -v(ap /dv)ij., is known. To calculate the 

hulk modulus, it is necessary to know equation of state 

of the gas. 

A number of equations of state have been proposed, 

some having theorectical significance, many merely repre¬ 

senting attempts to mathematically correlate empirical data. 

The most accurate equation of state is that of Beattie and 

Bridgman' ' , and IS as follows; 

p ir‘ = PTC V+ &o( / - f' “ iTr31 - 4o(' - &) 

•• • • • \ 

where a, b, A , B , C = Empirically determined constants, 

v = molar volume, V 

’ p = pressure, abs 

\ T = temperature, °R, 

^ R = gas constant. 

The equation is remarkably accurate for 14 simple 

gases, including all of the common ones, up to 100 to 200 

atm. and to densities approaching the critical densities. 

The average deviation of’the pressure calculated from the 

above equation from observed pressures is only 0.18^ ^. 

Differentiating the above equation of state, one 

obtains; 

7 
T

X
 J 
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Upon substituting the bulk modulus into the equation: 

V = 
-3K vx(-!&)-r 

M 

one obtains : 

T m [^T-t $ (RTB.-6fa.-A,).t A. 4«T - &££■) 

+ &(*-*&') 

Solving this for the ratio of specific heats , k: 

k =• 
VXM 

d(RT+ f(KT6o-^i -Ao)+ -Jk {A,a.-8obR.T- -t ) J 

For the mixture of C0S-!'!S gases, the constants of the 

equation of state had to be converted In such manner, 

^317 ~ 

a»o = •/^t0x!^cox’^ 

B«= Xco,Bc0^ X„B* 
bn, = Xco.b^ + X^b^ 

c m = X£0i_cCOj_+ X^c^ 

where, 

XJJ3= Mole fraction of nitrogen gas in the mixture 

Xco= Mole fraction of carbon dioxide gas in the mixture. 

Beattie and Stockmayer^^ found that eqations with 

average constants derived in this Way were in good agreement 

with experiments on gas mixtures. 

The computed values of the ratio of. specfic heats of 

COrand Nt-00tmixtures are also presented in Fig. M . 

■ Engineering units were used in the calculation of 
the ratio of specific heats. 
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D I S 0 U 3 Si 110 h A N D 0 0 N C: L U 3 ION 

• This thesis- presents the experimental values of the 

sonic velocity and a study of the variation of the ratio of 

specific heats of Ns, C0S and K8-C0s mixtures at a pressure 

of 50 psi and at temperatures, ranging from 75° to 530 °F. 

The experiments were performed in a continuous manner. 

After the room temperature experiment was completed, the 

heating of the followed immediately'. Prom then, a series of 

experiments (from 300°F to 530°F at 70°F intervals) were per¬ 

formed. To complete such a series of experiments in one gas 

sample, 36 to 40 hours at continuous work was needed; since 

the time lag for heating would take 7 to 8 hours to attain 

the equilibrium.state for each experiment. 

The nitrogen was obtained from Linde Air Product Com¬ 

pany and carbon dioxide was from Liquid Carbonic Company. 

Both gases were claimed to have the impurity not higher than 

0.003 percent. The gases and gaseous mixtures were carefully 

dehydrated by slowly passing through a dry-ice trap before 

introducing them into the system. After a sample of gas was 

introduced into the system, a velocity determination was made, 

and then that sample of gas was slowly drained through the 

bleed line. Another fresh gas sample was immediately intro¬ 

duced into the system and a new velocity determination fol¬ 

lowed. This was done to check the purity: of gas and the re¬ 

producibility . The author found no change on the velocity 

during those checking processes, so that the reproducibility 

was excellent in all experiments. 

In Fig (14) the comparison of the k valq.es for H8, and 

COs was presented. It shows that the computed k values by the. 

author based on the experimental data of sonic velocity and 
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Beattie-Bridgman equation of state were higher than tliat com¬ 

puted by F.O. Ellenwood, N. Kulik and N.R. Gay (5) based on 

Beattie-Bridgman equation of state only and also higher than 

that of based on ideal gas law (6). 

From the experimental results and the comparison shown 

in Fig (14), it is found that the common practice of ignoring 

the 1effect'of pressure on the ratio of specific heats may in¬ 

volve considerable error. 

The present piece of apparatus has shown itself to be 

suitable for determining the velocity of sound in gases and 

mixtures. However, it is felt that a further study on higher 

temperature and pressures should follow. By increasing the 

capacity of the superheater, higher temperatures could be ob¬ 

tained, since the quartz crystal would function properly as 

long as the temperature did not exceed its breakdown limit 

(725°C).. For higher pressure experiments, the high pressure 

interferometer designed for pressure up to 5,000 psi in the 

Research Laboratory of the Mechanical Engineering Department 

will be used to continue this research on gases and gaseous _ 

mixtures’. This experiment is expected to be performed, in the 

near future. 
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