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I.  INTRODUCTION 

The loading on a target produced by the blast wave from a large- 
scale explosion is usually described in terms of two phases.  The dif- 
fraction phase occurs first and involves the phenomena produced when the 
shock front encounters and engulfs the target.  The drag phase occurs 
after the rapid pressure variations associated with the diffraction 
process have ceased and a quasi-steady flow has been established over the 
target.  The loading due to one or both phases may produce damage to the 
target, and therefore must be defined for calculating the response of 
the target or for correlating the response with previous test results. 

On field experiments where targets are exposed to long-duration 
blast waves, overpressure as a function of time at the target or on the 
target can be recorded for use in determining the diffraction phase 
loading. Measurement of overpressure-time profiles at pressure levels 
of interest for military equipment can be performed satisfactorily using 
presently available instrumentation. 

For determining drag phase loading on the target, the dynamic pres- 
sure is required as a function of time at the target location.  The 
dynamic pressure is generated by the air flow occurring in the blast 
wave.  Dynamic pressure currently is derived from separate measurements 
of stagnation overpressure and side-on overpressure versus time.  Large 
errors in the determination of dynamic pressure may occur using the 
current technique at shock front overpressures less than 69 kPa (10 psi). 
Many critical items of Army equipment, such as communication systems, 
are damaged at incident blast overpressure levels less than 69 kPa (10 
psi).  The capability for making accurate measurements of dynamic pres- 
sure in the range of shock front overpressures as low as 21 kPa (3 psi) 
is required. 

The purpose of this report is to present a design for a gage which 
offers the possibility of determining dynamic pressure versus time with 
satisfactory accuracy at such low incident blast overpressures. 

II.  CURRENT TECHNIQUE FOR DETERMINING DYNAMIC PRESSURE 

The current technique for the determination of dynamic pressure in 
a blast wave involves the use of independent measurements of stagnation 
overpressure and side-on overpressure from gages which are physically 
separated, usually by several feet.  The records from these gages are 
used to compute the dynamic pressure by use of fluid flow relations which 
are described, for example, in Reference 1.  For this report only the 
subsonic flow regime is of interest, and the computational technique is 
described below. 

1#. W.   Liepmann and A.   Roshko,   "Elements of Gasdynamias," John Wi-ley 
and Sons,  Inc.,  New York,  New York,   2957,  p.   248-149.    For derivation 
of dynamic pressure at a shock front,  use equations on page  64. 



It is assumed that the fluid at the point of measurement experiences 
only isentropic changes.  Then: 

PT = (Ps + PA) C1 + ^ - 1)M2/21Y/(Y   ^ - PA CD 

where: 

P = stagnation overpressure 

P = side-on overpressure 

P = ambient atmospheric pressure 

Y = ratio of specific heats (assumed to be 1.4) 

M = flow Mach number. 

Pj and Ps are the quantities recorded by the stagnation and side-on 
overpressure gages used in field experiments. 

2 
Equation 1 is rearranged to provide M : 

M2 = [2/(Y - D] {[(PT + PA)/(PS 
+ PA)]

(Y   1)/Y " l} •    (2) 

The dynamic pressure P is obtained from the overpressure value and 
the flow Mach number: 

Pq = (Y/2)(Ps + PA)M
2 (3) 

2 
P = dynamic pressure = 1/2 p u 

p = density 

u = particle velocity. 

where: 

When the value of M2 from Equation 2 is substituted into Equation 3. 
dynamic pressure P can be expressed in terms of PT and P : 

Pq = 1Y/(Y - 1)HPS + PA) {[(PT 
+ PA)/(PS 

+ PA)1 
(Y - I)/Y -   U.   (4) 



The current technique for determining dynamic pressure in the sub- 
sonic flow regime is to insert the independently derived values of PT 
and P into Equation 4 and calculate P . s q 

At the blast wave shock front1: 

Pq = Ps2/[(Y "
1)P

S 
+ 2Y PA] = 2-5 Ps2/(Ps + ^A3 f0r Y = 1-4   (5) 

where the value of P is that for the incident peak overpressure. 

If Equation 3 is solved for M^ in terms of P and the result substi- 
tuted into Equation 1, then: 

PT = fPs + V 

-, Y-l 

1 + Y-l     
H 

Y  (PS+PA) 
C6) 

Using the value of P given by Equation 5 and y =   1.4 in Equation 6, 
the value of Pj for shock front conditions is found to be: 

pT = CPS + PA] 1 + % 
7 CPS + PA)CPS + 7PA) 

7/2 

- P. (7) 

For a given predicted incident shock front overpressure P , Equation 
7 provides the corresponding value of P^. 

To obtain an indication of the error possible in Pa calculated using 
Equation 4 and independently measured values of Pj and Ps, calculations 
were made for Pq under the assumption that the values of Pj and Ps had a 
maximum error of three percent.  The particular values of Pj and Ps 
used were for shock front conditions, so that for a given incident shock 
overpressure Ps the corresponding value of Pj was calculated from 
Equation 7.  The values of P^ and Ps were multiplied by the factors 1.03 
and 0.97 and substituted into Equation 4.  The maximum value of Pq was 
obtained for the combination of Pj three percent high and Ps three per- 
cent low, while the minimum value for Pq was obtained for P-p three per- 
cent low and Ps three percent high. 

The percent error e in Pq was calculated as follows: 

P' - P 
=  \   a x ioo (8) 



where: 

P* = P calculated from Equation 4 using values of ?j  and 
^ Ps, multiplied by 1.03 or 0.97 as indicated above. 

P = value of Pq at shock front with peak overpressure of 
^    P , as calculated using Equation 5. 

The results for e using the maximum three percent error in the 
values of PT and Ps are shown in Figure 1. The value of P^ used was 
101.325 kPa (14.696 psi). 

Below about 100 kPa (14.5 psi) the error increases rapidly. At 
69 kPa (10 psi) it is ± 28 percent, at 34.5 kPa (5 psi) it is ± 54 per- 
cent, and at 21 kPa (3 psi) the value is ± 87 percent. These values 
represent the error possible in determining the peak dynamic pressure 
assuming a maximum error of plus or minus three percent error in the 
measured values of PT and Ps.  In determining the dynamic pressure-time 
profile, the error will increase behind the shock front as the values 
of Pj and Ps decrease. 

It is questionable whether the present instrumentation systems can 
provide pressure measurements in the field which have no more than three 
percent error, and it seems unlikely that a significant reduction below 
three percent can be achieved.  Thus the current technique of determin- 
ing dynamic pressure by using separate measurements of Pj  and Ps is 
unsatisfactory for the lower overpressure levels of interest. 

III.  PROPOSED TECHNIQUE FOR DETERMINING DYNAMIC PRESSURE 

The difficulty in the current technique of using independent mea- 
surements of stagnation overpressure and side-on overpressure to deter- 
mine dynamic pressure is that at low side-on overpressures the errors 
in the measured signals may become as large or larger than the magnitude 
of the dynamic pressure.  Thus the value of the differential pressure 
(PT - Ps) calculated from independently measured values of PT and Ps 
may be very much in error.  However, if a sensing element can be used 
which will measure this differential pressure directly with no more 
error than occurs in the usual field pressure measurement, then 
dynamic pressure can be determined to about the same level of accuracy. 
At low overpressures this differential pressure is essentially equal to 
the dynamic pressure. 

If Equation 4 is rearranged to express Pq in terms of the differ- 
ential pressure D and Ps, the result is: 

Pq = [Y/(Y - i)](Ps + PA) [1   +  Dq/(Ps   +   PA)]CY        1)/y   -   1 

10 

(9) 
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where:  D = P_ - P . 
q   T   s 

The proposed technique for determining dynamic pressure Pq is to 
use a gage designed to measure the differential pressure Dq versus time, 
another gage to measure overpressure Ps versus time, and then to 
calculate Pq versus time from these measured values using Equation 9. 
Because Dq is nearly equal to Pq at low overpressures, the change from 
the value of Dq produced by the use of Equation 9 is small, and is 
relatively insensitive to the value of Ps used. 

The magnitude of the correction to the measured value of Dq to pro- 
vide Pq is shown in Figure 2 by a plot of the ratio of Pq to Dq versus 
incident shock front overpressure.  The solid curve is a plot of the 
ratio where Dq was calculated at shock front conditions.  At incident 
shock overpressures less than 100 kPa (14.5 psi) the difference between 
Pq and Dq is less than five percent.  Below 50 kPa (7.3 psi) incident 
shock front overpressure the correction to Dq to yield Pq generated by 
Equation 9 is less than two percent, and hence for this region the 
dynamic pressure can be directly equated to the measured value of Dq. 

The dashed curves in Figure 2 show the variation in the ratio of Pq 
to Dq where Dq is unchanged from that used for calculating the solid 
curve but the value of Ps is changed by the factors 1.5 or 0.5.  The 
results obtained from Equation 9 then correspond to using a correct 
value for Dq and a value for Ps with a large error.  The dashed curves 
show that the ratio and hence Pq is changed by only a few percent at 
the lower overpressure levels, and thus the value of Pq calculated from 
Equation 9 is relatively insensitive to the value of Ps used.  Normally 
on a field experiment a much more accurate record of overpressure versus 
time would be available for any station where dynamic pressure measure- 
ments were of interest. 

In the proposed technique for determining dynamic pressure, then, 
the error in the dynamic pressure is essentially determined by the error 
in the measurement of Dq. 

IV.  PROPOSED GAGE DESIGN 

The problem is to devise a gage to sense the differential pressure 
P-P - Ps with reasonable accuracy (about five percent error) and adequate 
frequency response (zero to several thousand Hertz) suitable for use 
for measurements on HE blast experiments.  The pressure-sensing element 
must respond to low differential pressures and yet have the required 
range of frequency response.  The housing for the sensing element must 
minimize errors in pressure developed at pressure input ports.  The 
entire gage must be as small as possible to minimize loss in frequency 
response due to long path lengths between pressure input ports and 

12 
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the sensing element. 

A proposed design for a differential pressure gage is shown in 
Figure 3.  The outer configuration is that of a long cylindrical rod 
which is oriented parallel to the expected direction of air flow.  The 
input pressure port for the stagnation overpressure is located in the 
nose of the rod, and is in the shape of a 15 degree half-angle cone. 
The apex of the cone occurs near the pressure-sensing diaphram.  On the 
outside of the rod immediately behind the diaphram are located the in- 
put ports for the side-on overpressure.  The ports are slots which 
provide an air path from the exterior atmosphere to a small cavity be- 
hind the diaphram.  The slots extend around the circumference of the 
rod except for the minimum interruptions necessary to provide a metal 
connection between the forward and rear sections of the gage.  The side- 
on pressure at these slots is lowered somewhat by the flow over the 
nose of such a gage configuration.  This lowering of pressure at the 
slots is partially eliminated by rounding the edges of the slots.  An 
additional increase can be produced by slightly enlarging the diameter 
of the rod at the rear edge of the slots.  The inlet channels for both 
the stagnation and side-on pressures have right-angle direction changes 
so that dust particles in the blast wave cannot strike the diaphram 
directly.  Some filter material is used in the channels to provide 
acoustic damping and to minimize the amount of dust which does penetrate 
into the cavities in front of and behind the diaphram. 

The diaphram deflects according to the pressure difference developed 
between the cavities in front of apd behind the diaphram, which should 
correspond to the differential pressure D .  The diaphram movement can 
be detected by several techniques.  In Reference 2 a variable-air-gap 
inductance type of sensing was used with success.  The eddy current 
sensing technique such as is used in Kaman Sciences Corporation pressure 
gages may be satisfactory.  Optical sensing of diaphram movement can be 
accomplished by using fiber optics to carry light to illuminate the 
diaphram and to collect and transmit reflected light to light sensors 
at some distance from the gages3'^•5.  Reference 5 describes use of this 
technique with small-diameter (3-5mm) pressure gages.  At least 0.1mm 
or so clearance should be provided between the diaphram and whatever 

2John L. Patterson, "A Miniature Electrical Pressure Gage Utilizing 
a Stretched Flat Diaphragm," NACA Technical Note  2659,   1952. 

3/?. Bailly-Salins,   "Plastic Optical Fiber Displacement Sensor for 
Study of the Dynamic Response of a Solid Exposed to an Intense Pulsed 
Electron Beam," Rev.   Sci.   Instrum.,   Volume 46,   No.   7,   July  1975. 

V. Anthony Powell,   "A Simple Two-Fihev Optical Displacement Sensor," 
Rev.   Sci.   Instrum.,   Volume 45,   No.   2,   February  1974. 

^Gordon W. Margerum et al., "Fiber Optic and Laser Digital Pressure 
Transducers," Progress in Astronautics and Aeronautics, Volume 34, 
Instrumentation for Airbreathing Propulsion,   1974. 
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senses its motion, so that failure caused by dust particle jamming will 
be unlikely. 

Further information which provided a basis for some of the gage 
features is presented in the following material, which is contained in 
Reference 6. 

Figure 4 shows the variation in stagnation pressure versus angle of 
flow for different nose configurations.  A cylinder with a 15 degree 
half-angle cone entrance is very insensitive to changes in flow angle. 
Although no configuration like that selected for the gage is shown, the 
curves for the other shapes in the figure suggest that the selected nose 
shape will produce an insensitivity to angle of attack over a range of 
about + 20 degrees. 

Figure 5 shows the variation in side-on pressure versus distance 
from the nose of the probe.  At about 1.25 diameters to the rear of 
the nose the pressure is low by about three percent of the dynamic 
pressure.  This lowering of pressure can be partially eliminated by 
modifying the pressure input opening used for the side-on overpressure. 
Figure 6 shows the effect of orifice edge form on pressure measurement 
in terms of percentage of dynamic pressure.  If the edges are rounded 
with a radius equal to the diameter of the opening, the pressure developed 
in the port is increased by an amount equal to about one percent of the 
dynamic pressure.  Although the information presented in Figure 6 is 
for cylindrical ports, a similar effect should occur for slots.  The 
actual performance of the gage can be determined by placing it in 
known flows and establishing a correction factor to be used to convert 
the measured differential pressure to the true differential pressure. 

The proposed diameter for the drilled holes used for stagnation 
pressure inlets is the same as that currently used on blast pressure 
gages, i.e., 1.016mm (0.04 inches) in diameter.  The slots would be of 
this width also. 

The proposed pressure-sensing diaphram is a stretched diaphram of 
the same material as its mounting, to minimize variations in diaphram 
tension caused by differences in thermal expansion characteristics 
between diaphram and mounting.  The diaphram is placed under initial 
tension to increase the fundamental frequency and to minimize the effects 
of irregularities in thin diaphram materials. 

p 

Ideally, a very small diaphram would be used, so small that the 
fundamental frequencies would be high enough that no initial tension 
would be required for an adequate range of frequency response, and so 
that gage diameter and hence acoustic resonance frequencies would be 
as high as possible.  However, the smaller the diaphram, the smaller 

R.   P.   Benedict,   "Fundamentals of Temperature,  Pressure,  and Flow 
Measurements," John Wiley and Sons,  Inc.,   New York,   N.   Y.,   1969. 
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the deflection to be sensed, and hence obtaining a useful signal from 
the gage becomes more difficult. 

An initial proposed diaphram is of a nickel-iron alloy that was 
successfully used in the NACA miniature electrical pressure gage Model 
49, designed by the Instrument Research Division of the Langley Aero- 
nautical Laboratory2. Model 49 gages were constructed to measure maxi- 
mum pressures as low as 3.45 kPa (0.5 psi) and as high as 689 kPa (100 
psi).  The design process and construction details, including the 
technique used to produce the stretched diaphrams, are contained in 
Reference 2.  The diaphram diameter used in the Model 49 gage was 7.94 
mm (5/16 inches) in diameter. The equations used in calculating the 
properties of such a diaphram in the material that follows were taken 
from Reference 2. 

The maximum diaphram deflection of the lowest range Model 49 gage 
(3.45 kPa or 0.5 psi) was about 0.0081 mm (0.00032 inches). Thus a 
peak full scale deflection of 0.01mm (0.00039 inches) seems a reasonable 
minimum deflection to require for an adequate output from a deflection- 
sensing technique.  If the peak deflection is fixed at this value, the 
corresponding required initial diaphram tension and resulting funda- 
mental frequency can be calculated for various peak pressures of 
interest. 

The diaphram is assumed to be a flat stretched circular diaphram 
having its edges completely fixed.  It is also assumed that the follow- 
ing relations hold: 

w < 8T 

2  2 
s  < lOt /R 
o 

where; 

w = deflection of diaphram at center 

t = diaphram thickness 

R = diaphram radius 

s = strain due to initial diaphram tension, 
o r 

Then: 

16  E t w 
2  4 

(1 - oZ)R4 L 

"   5(1 + q)    R^  (1 + a)(I73-73a) w^ 
6     o 2  '     360       2 

t t J 
(10) 

20 



where: 

D = differential pressure 
q 

E = Young's Modulus of elasticity 

a = Poisson's ratio. 

A range of differential pressures corresponding to incident side-on 
overpressures were calculated.  For these pressures and the diaphram 
thicknesses listed in Reference 2 and for a peak deflection of 0.01 mm, 
the initial strains s0 were calculated by solving Equation 10 for s0 
as follows: 

s = 9(1 - a)R2 D     6t
2       (173-75a)w2 ^^ 

0 "  40 E W t   l' 5(1+ a)R2 "    300 R2 

The values obtained for s are shown in Table I, where the parameter 
values used were as follows: 

R = 3.969 mm (5/32 inches) 

E = 1.517 x 108 kPa (22 x 106 psi) for 42 percent 
nickel and 58 percent iron alloy 

a = 0.29 

w = 0.01mm (0.0003937 inches). 

The non-linearity of the deflection versus pressure curve is 
indicated by the ratio Rj^ of the last term in the brackets of Equation 
10 tc the other terms in the bracket: 

=   ^;0H173- 73a) w2  _ (12) 

360 t + 300(1 + a) s R 
o 

The percent non-linearity, then, is: 

PN = 100 RN (13) 

The percent non-linearity calculated for pressures of interest is 
listed in Table I also. 

A graphical solution for the fundamental frequencies of a stretched 
diaphram is contained in Reference 2.  The result is utilized below. 

21 



in 

U 
c 

to 
0) 
to 
o o 
c 

in rsi 
to 00 to 

<* 
to 
<* to 

i-H 
rst 

LO 
^H 

LO 
^H rH 

o 
rH 

to i-H O o o o o o O o O o o O 

o 
00 

O 
l-O 
LO 

o 
r-t 

N 
o 

o 
vO 
o 
■H 

O 

en 

o 
■<* 

CM 

o 
o 

o 
LO 

o 
o 

Ol 
^H 

o 
o 
to 
f—1 

o 
o 
CO 
IO 

O 
to 
r-H 

LO 

o 
o 
LO 
!»■ 
rs4 

O 

Oh 

to ■* K) ^D 00 o Ol rNj 10 to ^D LO LO to 

I—t 

C 
to 

r-H 

to -—t 

to 
rH ^H i-H ^H 

O 
rH 

rH 
r-H rH 

o 

c IN rM CM (N rg 00 rj LO ^o K) vC 00 r- 
r-- LO rH Ol Ol W CM * ^T CJ « O 00 01 

^ Ol Lfi tN r«) rH CM ^o lO to t-- rH to ■& 

rH LO 
rH 

to 
rH 

Tf f> rH rH 

to CNJ |-~ rH ir, o rH 00 OJ >C 01 C to rH 

LO rM ^ LO to vO >* f> (71 to oo rsi r- f ) 
O o CO g O O c o O o c O O rH 

Q Q o o CD o O O O CJ O o O c 
o o o o O o o o o O o o O O 

4-> 
O o 
rH 
CH 

OJ 
Q 

en 

h 
3 
Ul 
in 
(D 

LO LO V£)        SO        r—I        r—t        r-H 
rHrHr-Hr—tr—IrHtO-^-^-LOLOr^t^t^ 

^^OOOOOOOOOOOOOO 
coooooooooooooo 

• H  
>—'OOOOOOOOOOOOOO 

^t^tTt^trHi—ICNvOvO(NCNtOtOtO 
^-HLOlOLOlO0000\0rHl-H(NI(NOOO 
ECNCN(NCNtOfOt-^OOTj-'^-000000 
BOOOOOOOrHrHrHrHrHrHr-H 

OOOOOOOOOOOOOO 

tOv£>^otovor-(NitorvjrHaiv0^tto 
i-H00tOtOI-^00LO'*rMlO00CTltO^D 

/-^(NLOf-trsi^tcsjooovOtoCTi^j-ooai 
• H  
t/lOOi—Ir-Hr-HCNLOOOLOaiLOtOr-HO 
PL, r—t        r-H        (NJ tO        ^f LO 

r-^    r^    ai    to 
t-^torsiooor~~tO[^rN) 

/—s-^-ooOLOr-Hr-ooaioi-^-CNioi^f^- rt  
CLr-H^Tt^OOOLOIOtOtOOlOOOrH 
^ r-HrHtOvOOltOl^tOOOLO 
v-^ rH        r-H        {N        CS)        tO 

? 
CL 

in 
3 
o 

•H 

> 

l« 

in 
V 

& 
a. 
■ 
h 

I 
•H 
a 

cfl 
a. 

1  Ol 
-1 tN 
q   LO 

rH 
r-H 

Ol 
o 
CM 

to LO 
rH 

ri 01 
to 
rH 

o> 
rH to 

Ol 
rH 

t-. 
en to CO 

CO 

3  O r-H -1 rH N ■« 00 r-j 

r-H r-H OJ 
r- 

to 
o 

1/1 LO    r- 
oi     00 
ai     vO 

0 rH 
01 r-H 

r-l      ro      LO      00 
tO        VO        rH 
Ol      to      00 
r-H        IN        CM 

rH m «t to 00 Ol LO "• CS LO Ol o to vp 
r^j to rH in «* Ol o 00 o to Ol LO 00 Ol 

to IO 00 oo 01 OJ o oo OO Ol q to i0 o 
P< rH CM OJ to ^ ^o r~- CO o 

vO rH Ol to « rH 

rH 

/—- rH 1/1 c on to ts. to Ol to to l/l [-- IN rH 

at • • • i • • • 
a. r-l 00 SO 00 LO <* CO 00 10 o o ifi 00 <£ 
M (N to LO IO M7 OO to Ol ■D « (SI o 01 Ol 
i—< r-H rH CM to T LO LO vO 

t/i to LO IN r^ CO o LO o LO o IO o IO o 
<a n, rH r-H CS CM K; IO Ht ^T LO 
rH «—- 
J2 rt tn 
H a. 

O0 r~- M-J to •a LO 

r—> vfi M- <N to rH Ol -* Ol ^r DC M CO t^J |N 
01 • • 
CH a * ai o LO 00 to IN <N <c rH LO d »t 
^ OJ to -a- LO LO o o IO |N o ^t IN rH «» 

rH        i-H        (N CN       CM       ^        ^O 

22 



Figure 7 shows a plot of F versus F ; where; 

where: 

F. = 12 R2 s  (1 - a2)/t2 1        o 

F2 = 2 R2 ^5  pd(l - a2)/(t /%) 

(14) 

m mechanical fundamental frequency of diaphram, radians/ 
second 

g = acceleration due to gravity 

Pd = density of diaphram material (8000 kg/m or 0.289 lbf/in3). 

To obtain the fundamental frequency F is calculated, and F„ is 
read from the curve in Figure 7. Then from Equation 14: 

% = F2 t /Eg/ [2 ^ V 3 Pd (1 - a") (15) 

and 

Eg F2/ U^R
2^ pd (1 - a2)J (16) 

where f is in Hertz, 

Values of P., F2 and f are listed in Table I. 

The amount of non-linearity and the magnitude of the fundamental 
frequency seem adequate for gages to be used on large explosions. The 
only non-linearity significantly greater than one percent is for the 
diaphram used at the lowest pressure listed. This non-linearity can 
be reduced if the diaphram sensing technique operates satisfactorily 
with a peak diaphram deflection less than 0.01 mm. 

The acoustic resonance frequency is difficult to calculate accurately 
for the proposed gage configuration.  Considering the conical stagnation 
pressure inlet as a closed end tube, a value of about 9000 Hz is obtained 
for the lowest pressure of interest.  The acoustic resonance frequency 
for the gage may well fall near the fundamental frequency of the diaphram, 
and hence the use of acoustical damping may be necessary to avoid undesir- 
able ringing. 
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V.  SUMMARY 

The inadequacy of the current technique for determining dynamic 
pressure at low incident shock side-on overpressures was demonstrated 
by presenting the possible error which may occur by use of independent 
stagnation and side-on overpressure measurements with an error of three 
percent. No substantial reduction in the resulting large error in the 
dynamic pressure seems possible using this technique. 

It was shown that if a single pressure-sensing element can be used 
to determine the differential pressure between the stagnation and side- 
on overpressures, then this difference pressure is essentially equal to 
the dynamic pressure at the lowest side-on overpressures of interest, 
and that at higher pressures the correction needed is small, so that the 
error in the dynamic pressure is essentially determined by the error in 
the differential pressure measurement. The possibility of measuring 
this pressure with an error no larger than about plus or minus five 
percent seems reasonable. 

A design for a differential pressure gage was developed which seems 
workable without requiring new technical developments. A particular 
diaphram size and material are proposed based on their previous success- 
ful use in a family of pressure gages. The design may be further 
improved for higher frequency response by using smaller diaphrams. 
However, some experimentation with diaphram materials and deflection- 
sensing techniques may be required to achieve a significant reduction 
in gage size. 

The proposed gage, if it performs as expected, will provide measure- 
ments of dynamic pressure of satisfactory accuracy in the blast over- 
pressure regime of particular interest for critical items of Army 
equipment. 
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LIST OF SYMBOLS 

e      percent error in P 

f      fundamental frequency of diaphram, Hertz 

2 
g      acceleration due to gravity, ra/s 

s strain in diaphram due to initial diaphram tension, mm/mm 

t diaphram thickness, mm 

u particle velocity, m/s 

w deflection of diaphram at center, mm 

x diameter of a static pressure tube, m 

x,      position of taps from base of nose of a static pressure tube, 
m 

x      position of taps from center line of stem on a static pressure 
tube, m 

D      diameter of a pressure orifice, mm 

D      differential pressure, P - P , kPa 

E      Young's Modulus of Elasticity, kPa 

F      function defined in Equation 14 used in solution for fundamental 
frequency of stretched diaphram 

F      function defined in Equation 14 used in solution for fundamental 
frequency of stretched diaphram 

M      flow Mach number 

P.      ambient atmospheric pressure, kPa 

PM     percent non-linearity of diaphram deflection 

2 
P      dynamic pressure, 1/2 p u , kPa 

. i 

P      P calculated from Equation 4 using values of PT and P 
q      Multiplied by 1.03 or 0.97, kPa 

P      side-on overpressure, kPa 

27 



LIST OF SYMBOLS (continued) 

P™    stagnation overpressure, kPa 

APs    magnitude of change in side-on overpressure, kPa 

AP^   magnitude of change in stagnation overpressure, kPa 

R     diaphram radius, mm 
: ( 

Rj^    ratio of terms in Equation 10 defining non-linearity of 
diaphram deflection 

Y     ratio of specific heats (assumed to be 1.4) 

3 
p     air density, kg/m 

3 
p,     density of diaphram material, kg/m 

a     Poisson's ratio 

a)m     mechanical fundamental frequency of diaphram, radians/s 
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