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SUMMARY 

An experimental investigation was conducted to determine the effect 

of the receiver volume on the attenuation of a shock wave propagated down 

a system of tubings fittings and volumes representative of the type used 

in pressure-sensing systems of missiles0 

A shock tube whose downstream end was open to the ambient air was 

used to generate shock waves0 A sample of the shock wave was taken by a 

test system of small diameter tubing, diameter reduction fittings and 

various volume receivers0 Pressure-sensing transducersa connected to an 

oscillograph through an amplifier•> recorded the transient pressures of the 

shock wave as it passed the entrance of the pickup tube and as it reached 

the receiver volume0 Three receiver volumes (10055S 5309s and 10905 cubic 

inches) were tested with two tube diameters (0o242 and 0o370 inches)a two 

reduction fittings (100 and 50 per cent of line diameter)s two line lengths 

(1 and 15 feet)^ and seven shock tube pressures (50̂ , 100<, 200 5 350 fl 500,, 

7005 and 1000 psig)0 

It was concluded that the maximum response pressures Prj s could 
max 

be related to the maximum input pressure, P s byj 
max 

PR Z CV~°°64 P 
max max 

where V is receiver volume in cubic inches and C is a function of line 

lengthy line diameterD and reduction fitting diameter0 
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CHAPTER I 

INTRODUCTION 

The pressure-sensing system familiar in the airplane as the 

altimeter is still used in many missiles and rockets0 This baro-sensing 

system may be used to actuate different components of the rocket or to 

arm or detonate the missile^ or bothQ An anti-missile missile with a 

proximity fuse might explode near the pressure-detonated missile causing 

a shock wave which is picked up by the barometeric pressure-sensing 

system of the missile0 If the explosion were large enough and near 

enough to the missile, the shock wave might be strong enough to damage 

the aneroid system and prevent the missile from detonating at its pre-

determined altitude or the missile might explode immediately^ even though 

above the desired altitude0 

Some work has already been done on the study of the pressure 

attenuation and pressure lag of various components in baro-sensing 

systems0 Most of this investigation has been confined to the low 

pressure range (one-half to 3 atmospheres) and little has been done at 

the higher pressures0 DeJarnette (Reference 1) investigated the effect 

of tube length and diameter on the attenuation of shock waves with pressures 

of 40-900 psig0 Kilburg (Reference 2) extended this to include the effect 

of diameter reduction fittings0 The purpose of this experimental research 

is to extend the work done by DeJarnette and Kilburg and investigate the 

effect of variation of receiver volume (V) on the attenuation of* shock 
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waves in typical missile plumbing system0 The investigation is conducted 

over the same pressure range9 approximately 40-900 psigQ Variations in 

tube length (L)g tube inside diameter (D)^ and reduction fitting diameter 

ratio (RTO are also investigated,, 
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CHAPTER II 

APPARATUS 

The test equipment and instrumentation consisted of a compressed 

air supply,, control panel and pressure gages„ shock tubea nozzle with 

pressure "0" ring and diaphragm^ firing unit a pickup test tube and 

straight-through fittings modified for diameter reduction insertss 

receiver volume^ pressure transducers9 and amplifying and recording 

equipment0 

Compressed air supply0—An Ingersoil-Rand four-stage air compressor 

(model GC~50~BW) with a capacity of twenty cubic feet per hours and 

a pressure limit of 3000 pounds per square inch5 supplied compressed 

air to a storage tank0 The compressor was driven by a Waukesha Model 

S-̂ BZ six-cylinder gasoline engine 0 

Control panel and pressure gagesQ--A schematic of the control panel and 

gages is shown in Fig0 10 Compressed air was fed from the compressor 

accumulator to the control panel via a vapor separator through 1/4 in0 

extra heavŷ - copper tubing0 A 3000 psig gage on the control panel gave 

the compressor tank pressureQ A sensitive 0-1000 psig gagea with a read

ability of 2 psiga was used to obtain shock tube pressures, calibrate 

the pressure transducers and detect air leaks in the test and shock tube 

systems0 This sensitive gage was protected from damage of shock wave 

3-See Lionel SQ Marks,, Mechanical Engineers' HandbookB Third Edition, 
1931s p0 1028a for the dimensions of extra heavy copper tubingQ 
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inputs during premature diaphragm failures by a 0o027 in0 orifice0 Air 

lines to the shock tube and to the test system were controlled from the 

panel o A bleed-off lines used to bleed air from any part of the system,, 

was also connected to the control panel0 All control valves were l/4 in0 

needle valves $ all air lines were l/4 in0 extra-heavy copper tubings and 

all connections were 45 degrees flare tube fittings0 

Shock tube0—'The shock tube was a 70625 foot piece of cylindrical steel 

pipe0 The outside diameter was 4~l/2 in0 fl and the inside diameter was 

3-l/2 in0 which necked down to 2 in0 at the downstream .endfl giving an 

inside volume of 840 cuc in0 The upstream end was sealed by a blank 

flange which had a fitting for copper tubing leading to the control panel0 

The downstream end was sealed by Mylar Polyster Film diaphragms0 The 

shock tube was mounted on a reinforced wooden table as shown in Figc 20 

The table was fastened to a concrete pad by two ell brackets which were 

bolted to tamp-ins located in the pad„ Each downstream leg of the table 

was joined by a l/2 x 10 inG bolt axially through a recoil spring to 

the vertical member of an ell bracket as shown in Fig0 3„ The upstream 

end of the table was fastened by guy wires» 

Nozzle0"°°A 2 in0 diameter nozzle was attached to the downstream end of 

the shock tube with Mylar diaphragms between the shock tube and nozzle 

as shown in Fig0 40 The thickness of the diaphragms^ as shown in Table 

13 was sufficient to maintain the desired shock tube pressure yet thin 

enough to fail rapidly and completely when desired0 A 2~l/2 x 2-3/4 

x l/8 in0 rubber "0" ring recessed l/l6 in0 into the downstream end of 

the shock tube insured an airtight seal0 The w0" ring had to be replaced 

after every 10=15 runs because of nicks and abrasions in the rubber which 

allowed the diaphragm to slip out of its housing and blow out the end of 

the shock tube0 


