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RESPONSE OF AIR BLAST GAUGES OF VARIOUS SHAPEM

AS A FUNCTION OF PRB&VJRX LEVEL

ABSTRACTI
The nonlinear pressure response of t•ouraline air-blast

gauges of various shapes has been investigated by oMarin'g

peak pressures reoorded by the gauges, based upon the ext'a-
polated values of the effective dynamic oalibrations at zero
peak pressure, with absolute pressures obta5.ed from velooity
measurements of shook-front propagation. A similar oonparisoui
has been made based upon the static oalibrations. -All
charges were eloyed in

\9e prinoipal errors involved have been ealoulated from
theoretical oonsiderationn at peek pressures of 14 an
and the totals of these errors compared with the over- errors
actually recorded.
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I
INTR0DUCTM

One of the specifications for an air-blast gauge is that its
response should be as linear as possible over the range of peak
pressures for whioh it is designed.

The shock tube provides a method for air-Ilast gauge calibration
which essentially duplicates field conditions, and tests run in shook
tubes up to 5 inches Ln diameter have shown that a progressive reduc-
tion in the response of air-blast gauges occurs as peak pressures az
increased from 3 to 15 lb/in4. Noreover, disorepancies between static
and shock tube calibrations have been observed, 2 , 8 the latter being
in reasonable agreement with the dynamic calibrations obtained in tbo
field when large charges are employed.

This reduced response in the shock tube has been attributed to
a 'flow effect'" that is, a reduction of the average hydrostatic proe-
sure effective on the sensitive elemon• of the gauge due to its finite
size when mounted edge-on to the flow. This is essentially a Bernoulli
effect; consequently, it is believed that this error can be reduced by
equipping air-blast gauges with baffles which are designed to reduce
the perturbation of the flow behind the shock front to a minimum.

A "ga3ge-size error* is also introduced in field work, being a
function of the relationship between the diameter of the sensitive
element of the gauge and the shook duration. The shock duration varies
with the charge weight and with the distanoc from the charge. For a
giveTn shock duration, the smaller the diameter of the gauge element,
the less the error. Unfortunately, sensitivity requirennts make the
use of small diameter tourmaline elements impractical at low peak
pressure levels.

In addition, what may be U 'high frequency amplifier response
error" is present in field work. The magnitude of this error is a
function of the frequency at which the response of the amplifier is do=
to 70 por *ent of its midband response for the attenuator setting being

'"Final Report on the Shock Tube," J. C. Fletcher, W. T. Read, R. G. Stoner,
and D. K. Weimer, NDRC A-356, OSRD-6321, 194. Tv

2 "Characteristics of Air Blast Gauges, IIt Response as a FAnation of
Presuro Level," C.W. Tait and W.D. Kennedy, NDR, Div. 2, i35-llo,
OS9?- 5ZIo, 1945.

"ChSrLteristio of Aii Blast Gaugest Response as a Function of
_• Pressure Level," . B. Arons, C. '.! ý, G. K. Fraekel, %ad 1. N. Doane,.S~NDRC, Div-. 2, ANS-Sa, OSRD-4876a, 1945. i

4"DesiZ:: -mnd Use of Piezoelectric Gauges for Measuring Large Transient • -
Pressures," A.Bý krona and R.H. Cole, Review of Scientific Instrumuents, Jan. 1950.
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used, and the frequencies that are reoorded by the gauge. Obviously,
emloying an amplifier whose response is linear to a very high
frequen.y -tll reduce this error.

An effort was made to evaluate these errors by testing Mir-blaxt
gauges in a 5-inoh shook tabe. Eowevr, cq'ipping air-blast gauges
with baffles inoreases their over-all dimensions to such an extent
that their responses cannot be detetrmined accurately in a shook tube
of this size, since correction factors to compensate for the large
diameters of the gauges are not available. Noreover, the peak pres-
sures that can be ooverel with this shook tube in limited to the
range from 3 to 16 lb/in

It was therefore neosesary to resort to field tests in order to
obtain alr-blast gauge response data needed in oonection with the
development of air-blast gauges that are relatiyely free from flow
effects up to Mach 1 (peak pressure of 57 lb/in').

EXPMMTAL PR0CEVR

The experimental procedure consisted of firing one-eighth jund
bare spherical pentolite nharges at % series of predeteriined distsmoes
from the group of air-blast gaages being testod, these distances hav~ing
been selected from the Pressura Verus Soal• d Distance graph so as to
produoe the desired series of peak pressures at the gangs positions
(Figures 1 and ?). It was assumed that the shook waves produced were

spherical at the gauge positions. A prerequisite for firing was that
the resistances cf the cables and gauges had to be 500 megohms or more.

Tha group of air-blast gauges being tested were equipped with a
variety of baffles, two BEL gauges, two experimental pancAke-shaped
gauges, and an experimental pencil-shaped gauge having been inoalded
in the test setup (Figure 3).

Both the charge and the gauges were supported at a height of
five feet above level ground, this elevation having-been sesleeted ts
being high enough to prevent ground reflections frm affeeting the
rsoorded traoe and at the save time law enough to peert necessary
adjustments of the gauge positions. %h@ distances fro& the oharge to
the gauge positions w.-e measaured with a steel scale to 0.01 inch,
end in order to avzl'4 additional calculations all blast ga•gee were
made equally distant frcm t! -arwe by adjusting their positions
befcre each charge was fired.

?wo pairs of kodhelle Salt velooity rauges were also inoluded
in the test setu oe gauge of each pair ;,Mng placed one foot *loser
to the tharge than the group of air-blast gauge while the other
gauge of eeoh pa.- -A plaoce wne foot farther away from the charge
than the bloaz gauges.

7
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The cmtputs of the group of air-blast gauges were fed into an
osoillosoope t'ank and the deflections recorded ým 35u film moving I
at approximately 20 ft/see. A series of calibration steps were also

Ipressed upen this film before each charge was fired.

The arrival times of the shook-front at the velocity gauges were
recorded simultaneously cn 35= film moving at S0 ft/seo in the foim
of pips cu a 10 kc on-vtooth trace supplied by a crystal controlled
oscillator. A hazcumo of the oscillator was checked against radio
station W. bofor,, each group of charges was fired and adjustments
made, if necessary, tn insure timing accuracy.

The atmospheric pressure was recorded with a calibrated and
tewerature oompensated aneroid barometer located at the firing site
and placed at the same height as the group of air-blast gauges being
tested.

Ma velocity of sound was obtained by renording the temperature
of the air at the firing site with a calibrated thermometer, malkng
relative hxumdity measurements with a sling psychrometer &ad eMploying
the relation

t -
C0 = 1088 1 + * 0.149 ,

•here , Is the velocity of aound in air ahead of the shock,
to is theair temperature (Centi-rade),
P in the partial pressure of &tcr vapor in air, and
PW is the partial pressure of the air.

Wind effects were held to a minimum by restricting firing to calm
days or to days when a slight cross wind ,.-evailed.

The peak pressures were obtained from the shook-front velocity
measurements by the application to air of the Rankine-Hugoniot ideal gas
re'atiPn P 2 ?e U 2

P r + I
0  C

where P is the peak pressure,
P is the atmospheric pressure ahead of the shock,
Uo is the valocity of shock-front propagation,
C is the velocity of sound in air ahead of the shock, and
Sis 1.40 (ratio of specific heats for air).

Over the peak pressure range covered by this report, the results
obtained from this equation are in alose agreement with the calcula-
tions of Brinkley, Kirkwood, and Liohardson.-

"i Final Report'an the Shook Tube,' J. C. Fletoher, W. T. Read,

R. G. 'toner, and D. K. Weimer, NDRC A-356, OSRD-6321, 1946.
2 'Tables 6f the Properties of Air along the TIgoniot Curve and the Adia-

batics Terminating in the Hugoniot Curve,* S.R. Brinkley, Jr., J.G. Kirkwoc-,
and J-M. Richardson, NDRC, OSfD-3550, 1944.
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ne d17 taloes from the charge at whioh these peak pressurls apply
(Ps e 17 lb/in ) were calculated from the acproxJzate relailon

where Ry is the distance from the charge at which the average shook
velooity measured over Interval &r is equal to the instan-
taneous shook velocity,

R is the distance from the charge of tie mid-point of the
m velocity interval,

n is tho exponent in the distance-decay law when approximated
by a power funotion, and

Ar is the length of the velocity meauruent interval.

The disteanes from the charge at vhioh these plak pressures apply
(P* 2.17 lb/Ai1 ) wore calculated from the relationZ

Ar 2 n-2 -
(t- R 3n-5 2-* lMI- ,,- + ( ),

1 16K 2 3

where R R , n, and A• r are the same as above,
6A

K is equal to -"
0

Ais equal to - and
rU

r is the distance from the oenter of the charge to the center
of the gauge element.

The peak pressures at the air-blast gauge positions vere then
calculated from the relation

P2 2

#hers P is the peak pressure at the position where the average shook
veloeity ve, .interval! &r is equal to the instantaneous
shock velocity,

P 2 is the peak pressure at the gauge position,
r1 is the distanoe from the center of the charge to the posi-

tion where the average shook velooity over interval Ar is
equal to the instantaneous shook veloity,-

S.2 is the distance from the center of te charge to the caeter
of the air-blast gauge ele~aent, and

u is the exponent in the distance deoay law when approximmted
by a power fun•tion.

I,2 Appraratus for asToasnrenent or Air Bla3t by Mfins of Pinsoeleotri:•

Gauges," G. K. .1-3c7, - 1-53, OSRD)-6251, 1946.
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The effective 47d•icn paug responses were then calculated,

euploying the relation

6go 11.

*we U is the effective d7nmam guts response (,A, Coul/lb/in2)
d in the deftesion resulting frost r ,

Isy to peek pressure at The gugs fOsitcei,
in the ealibration voltage,

'e to the deflection resulting fo Ian
*s is the standard capaoitance (14f) o

Ih Figures 4 to 8 are plotted thO effective dpuaao TA a as ag
function of peek pressure level for the ganges and the a=plifiers
included in the tests (for shook durations produced by one-eighth
pound spherial pentolite charges). i

Bi gauges T.63 and "-60 are round unzt lled gauges of identicalconstruction and dimensions (Figure 3), •msleting of a four-crystl

stack, made of one and thue•-quartesr inch diameter tourmaline discs
asmented to a steel housing, and sensitive on one side only. the
ratio of the diameter to thickness of these gauges is approximately
htl.

?hose gauges showed approximately l ear reductions in response
between peak pressures o4 5 and 16 lb/In . Above this pressure level,
the reductions in their responses bagan to level off, and the response
o gauge T-63 increased above 2ý lb/in2 peak pressure. Both of these
gauges recorded erratically above the 30 lb/in 2 peek pressure level.

Pan'ake gauges Wos. 1 and 2 are round baffled gauges of similar
construction and dimensions except for their edge shape, No. I having
a pointed c.- e and No. Z having a rounded edge (Figure 3). The sensi-
tive elemenv• of these gaus consists of two two-crystal stacks made
of one-inch diazaeter t-urmaline discs soldered to opposite sides of a
central brass ta'. which is an itegral part of the brass baffle.
These gauges are sensitive on both sides. The ratio of the diameter
of the baffle to the thickness of these gaups is l0tI, a ratio whioh,
in oonjumotion with the edge shape of gauge No. 1, should hold the flow
effect error to a inxiwxm of 6 per cent up to Maoh 0.8 (peak pressur1
of 35 lb/in9), according uo the predictions of MacDonald and Sehaf.

"D-euign and Use ort Tourmaline Gauges for Piezoelectric Measurement of
Air Blast,, A. B. Arens and C. W. Tait, YDRC A-372, O0RD-6250, IQ46.

Sthe 3stiqation of the Perturoations due to Flow Around Blast Gauges,u
J. K. L. koDanald and S. A. Schaaf, AMP Note 22, A3-NnU 156, 1945.

12
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The reductions in the r esponses of the pancake ,auges wore approxi-
mately 1 tnear between peak pressures of 5 and 15 lb/Jn2 . Above this
pressure level, the reductions in their responses began to level off,
and the response of pancake gauge No. 1 increased above 30 lb/in2 peak

pressure. Both pancake gauges were considerably lens subjeet to redue-
tions in response than the BRL gauges, pancake gauge No. 2 (rounded edge)
being superior to pancake gauge No. 1 (pointed edge) in ttis respect.
Moreover, the recordings of the pancake ganges were somewhat less soat-
tered than those of the BRL gauges.

The pencil gauge is an air-blast gauge of now design, shaped like
a pencil, with two six-orystal stacks made of one-ha7f inclý diameter q
tourmaline discs inserted into openings on rposite sides of the penc'.l
at its mid point (Figure 3). The ratio of tie length of the perail
gauge to its thiockneso is approximately 20l, ihich should hold the
flow effect error to 4 per omt up to Mach 0.8, assuming that the pre-
dictions of MacDonald and Sohaaf apply. 2

Tle reductions in the responses of the pencil gauge were linear
between peak pressures of 5 and 40 lb/in2 , being slightly less than
those of the pancake gauges and considerably less than those of the
BRL gauges. Moreover, the responses of the placil gauge were much
more uniform above peak pressures of 30 lb/in than were those of the
pancake and BRL gauges (Figures 4 to 8).

In Figures 9 and 10, the percentage errors in effective gauge
KA's as a function of peak pressure for all three types of air-blast
gauges are presented. The calculations of Figure 9 are based upon
the extrapolated values of the effective dynamic U's at zero peak
pressure, vhile those of Figure 10 are based upon the conventional
static calibrations.

An additional comparison of these percentage errors for the
respeoti've air-blast gavges is given in Tables I and I1.

Table I

Errors in Effective Gauge Response Versus Peajc Presswre

Gaue 5 lb 10 lb 15 lb 20 lb 30 lb 40 lb

Pencil 2.5% 5.0% 8.3% 11.2% 17.0% 22.4%

Pancake 2 3.7% 7.7% 11.1% 13.4% 18.5% 22.0%

- Pancake 1 5.4% 11.1% 15.2% 18.7% 22.8% 18.1%

BRlL T-66 8.3% 15.1% 21.2% 26.0% 34.4% 37.6%

BRlL T-63 7.5% 17.5% 25.0% 30.6% 32.0% 24.0%

Notes Extrapolated effective dynamic U used as the reference po 4nt. _

"kL? aI-Shaped Piezoelectric Air Blast Gauge," J. W. Hanna,
BHL ?eonical Note No. 275, 1-950."01i theoEstimatiln of the Perturbations due to Flow Around Blast

Gauges, J.K.L. MacDonald and S.A. Sohaaf, AIMP Note 22, AN3,-NTU 136, 1945.
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Table II

Errors In Effeotive Gauge Response Verus Peak Pressure

5m, ib l0ib 15 lb 20..b 30 lb 40. b

Pmmoil 12.8% 18.2% 18.0% 21.2% 27.0% 31.8

Pancake 2 2.9% 8.9% 10.4% 13.4% 17.9% 21.3%

Pwancke 1 19.5% 24.4% 27.8% 30.4% 34.e3% 30.,3%

BEw L.66 1.0% 7.8% 14.0% 19.2% 28.2% 34.2%

BEL. T-63 7.2% 15.8% 23.8% 29.9% 31. 2% 12.5%

Notes Static 1k used &A the reference point.

NT'TPWRUT.AIOW OF MWERIPI TAL ESULTS

Figures 4 to 8 reveal the discrepancies 'which exist between the
static and the effective dynamic gauge calibrations when the latter
are extrapolated to zero peak pressure. Some of the response curves
extrapolate to points above the static calibration, while others
extrapolate to points considerably below the static calibration.

It might possibly be thought that these discrepancies reflect
t.he inaccuracy of the velocity meas~irements at low peak pressures.
However, it should be noted that the data were obtained by recording all
five gauges on the same film, and similar results were obtained from
individual rims at low peak pressures.

These discrepancies are further emphasized in Figures 9 and 10,
the response curves showing a good relation to the referenioe point
in Figure 9 and a poor relation in Figure 10.

It would therefore appear that the discrepancies which e.*st
between the static and the extrapolated effective dynamic gauga
calibrations are of such a nature as to make the use of the latt-r
preferable.

It should be understood that the effective dynamic KA's are not
absolute values. However, an improvement in these KA's represents
an improvement in the recording characteristics of the gauges.

The response curves of Figure 9 would indicate that, while the
pancake gauges represent a substantial improvement over the B1L gauges
from the standpoint of freedom from response errors, the peno l gauge
is slightly superior between peak pressuren of 5 aad 40 lb/ini.

The pencil gauge is also superior from the standpoint of linearity
of reductions in response with increasing peak pressure level, the reduc-
tions in the responses of this &auge being linear between 5 and 40 lb/in?
peak pressure.

18



From the standpoint of uniformity of response, the panoake
gauges are somewhat of an improvement over the BRL gauges; however, 4

the penoil gauge is decidedly superior to both of the other types
tested in this respect, being subject to considerably loes scatter

above peak pressures of 25 lb/iný (Figures 4 to 8).

It i logical to assume that gagso the same phsia dimen-

sions containing the same size sensitive elements should be subject

to the same over-all response errors. Figure I shows that the response

curves of the two BRL gauges are in g ieral agreement with this hypoth-

euis up to peak pressures of 25 lbin ,-but that above this pressure

level disagreement exis 1 , with BRL gauge T-63 showing an increase of

response above 25 lbin peak pressure, while BN.. gauge T-66 s~w. a
continued reduction.

iiie response curves of the pancake gauges (Figurl 9) are alao in

general agreement with this hypothesis up to 30 lb/in peak preswr-0,
disagreement existing above this pressure level. The oauses of t~Laes
effects are not known at this time.

Pancake gauge No. 2 (rounded edge) appears to be somewhat loes
subject to reductions in response than pancake gauge No. 1 (pointed

edge), but in view of the BEL gauge response ourves it is not certain

that the edge shape makes a significant difference.

It should also be noted that the data on the pencil gauge were

taken using both 8- and 12-inoh nose sections and that no disoernible
difference in the responce of the gauge occurred. The ratio of the
length of the pencil to its thickness is 2031 using the B-indh nose,
and 30il using the 12-inch nose. Obviously, there is no advantage
in using the longer nose section, and it may be that a nose section

somamhat shorter than the 8-inch length could be used without affecting

the response of the gauge matarially.

The question &rise.- as tc '.hether the differences betmen the

response curves of' Figure 9 c.;ould be attributed to the differences

in the degree to iohich the respective air-blast gauges are sub ject
to flow effect.

One of the principal errcrs involved, in addition to that due

to flow effects, is the *gauge-size error.' This error can be
expected to be large vhen suall charges are used, since the shock

durations are greatly reduced. Because of the difference. in the

diameters of the sensitive elemnts employed in these ;auges, this
error will be least in the case of the pencil gauge, smnewhat mre
f3r the pancake gauges, and greatest in the case of the BEL gauges.

Thus the 'gaug~e-size errorrs should have the el'fect of spreading the

response curves of Figure 9 apart.

The other principal error involved, in addition to that due to
flow effect, is tho "high frequency amplifier response error." this
irror, while probably not large, will be greatest for the pencil

19
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gauge, somewhat less for the pancake gauges, and least for the Bl-
gauges. Thus this error should have the effect of moving the response
curves of Figure 9 closer together and coumteracting the effect of the
Rgauge-sise error" to some extent.

hee possibility of one other major source of error should be
mntioned. Tourmline is sublect to what is known as a 'pyroeleotric
effect." ?hi refers to a volume polarisation caused by distortion
of the crystal lattice when the geometrical shape of the crystal is
changed by unifm:r heating. A change of 1C has the same efflct as
a pressure of 200 lb/in , the effects being of opposite sign.

This affect ~ak 'e avoided by insulating the sensitive elements
of air-blast gauges against the temperature rise in blast waves, and
this has been done in the case of the gauges included in these tests.
While the type and thic'ness of the insulating coatings varies with
the respective gauges, it is believed to be sufficient in all cases
to eliminate this effect as a source of error.

It must therefore be concluded that the differences in the
response curves of Figure 9, while representing the *over-all' dif-
ferences in the responses of the respective air-blast gauges, do not
represent the flow effect differences alone. This would be true only
if all of the gauges contained the same diameter sensitive eleaents,
had identical insulation, and were equipped with baffles of the same
dimensions.

CALCLATION OF PRINCIPAL ERHDRS

Since flow effect data were unobtainable from the response curves
of Figure 9, it was believed that it would be of interest to calculate
the values of the principal errors involved from theoretical considera-
tions and then compare the totals of these calculated errors with the
average over-all errors recorded, based on both the extrapolated effeo-
tive dynamic calibrations and the static calibrations. Thus, it could
be determined whether flow effect data might be obtained indirectly.
Accordingly, this has been done for two runs, one at 13.86 lbs peak
pressure and the other at 28.86 lbs peak pressure.

The *flow effect errors' were calculated using the relation
employed by Schaaf

S 7M
2

P2 p o 0

where % is the percentage flow effect error,
p

M is the Mach number behind the shock-froat, and
C is the mean presrure ooefftiient over the gauge surface.
Poo

(me applIcation of this equation to a pencil shape is a doubtful procedure).

"*aBt sgurew snd hM ta from Some Large Bombs," 1. B. Wilson, Jr.
and W. D. Kennedy, .1DIC, OSii)-3046, lJ43.2"Istimation of Perturbations due to Flow srau'd Blast Gauges wirh
Spheroidal Shapes,* S. A. Schaaf, AINTU 144, 1946.

20



The peak premasres at the blast-gauge positions, a! obtained
from the two-point velooity measurements, were then reduced by the
*flow effect error" percentages in order to obtain the peak pressures
acting upon the respective blast-gauge sensitive elements.

Next the 'gauge-size errors' were calculated using the relationI

where a is the radius of the sensitive element,
a is the velocity of shook-front propagation, and
o is the initial decay tim of the trace.

(This relation applies when the ratio of half the gauge-crossing tine
to the initial decay time of the recorded trace is less than 1/5).

The "high frequenc7 amplifier response errors' were then cat-
lated from the relationc

,A,= J n Ii+ cX113

where A is the fractional error recorded by the amplifier,
3 ia equal to 1/0,

K equals RC equals 1/27rf
R is the time constant ofathe input circuit,0l
f is the frequency at which the amplifier response is dowa to70 per cent of its mid-band response,

0 is the initial decay time,
E is the constant 2.71828
O' is r/1, and
7 is the gaue crossing time.

The peak pressures effective upon the respective blast-gauge
.nsitive element3 were then reduced by the suns of the 'gauge-size
errorn and the "high frequency amplifier response error' percentages
so as to obtain t;-.e peak pressures which the respective blast-gauges
should have recordac.

The percentage differences between the peak pressures at the
blast-gauge positions, as determined by the two-point velocity method,
and the peak pressures which the respective blast-gauges stould havA
recorded were then calculated.

The results of these calculations are presented in Table III,
along with the average over-all errors actually recorded, based upon
both the ext-apolated effective dynamic calibrations and the static
calibrations.

"Do sign Ploul"ectrio Gauges for Measuring Large
Transient Prelsuros, A. B. Arons and R. 77. Cole, Review of Scientific
Instruments, January, 1950.



Table III

Calculated Principal Mmoros versus Crier-all Errorm Aotually Recorded
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13. 86_lb/in 2MR .44q

Tuype Flow n auge- Freq Totalu Over-all Over-ael
of Effect Size Response Calo. Eri-ors Errors

Errors Errors Errora Errors DI. Cal. Stat. Cal.

Pencil 1,3% 4.6% 2.2% 7.9% 7.8% 17.6%

Panaeke 1 2.6% 7.5% 1.4% 11.2% 12.3% 26.8%

Pancake 2 2.6% 7.8% 1.6% 11.6% 1c.0% 0.o

BEL T-63 7.2% 12.4% 1.3.% 19.6% 23.0% 22.0%

BRL T-66 7.2% 13,4, 1.3% 21.6% 2C.0% 13.0%

28.86 lb/in2 (Much .723)

Pecl4.2% 6.9% 3.7,1 14.816 15.8% 26.0%

Pancake 1 8.4% 11.7% 2.5% 21.5% 20.8% 33.0%

Pancake 2 8,4% - - - -

BRL T-63 23.8% 15.8% 1.5% 36.9% 32. 31.8%

BRL T-66 ?.3.8% 15.2% 1.6% 36.5% .13.1% 27.1%

IFTEhRPETATION OF CALCU-A.TED PRINCIPL EMMOR RESULTS

At the 13.8 lb/in2 peak pressure level, the totils of thj princi-
pal crrers, as caloulhted, are in reasonably good agreement with the
ovrr-all error& actua-ly recorded, as based upon the extrapolated
effective dynamic calibrations, but are not iii good agreement with
the errora actually recorded when based upon the static calibrations.

Thu totals of the calculated principal errors and the over-all
errors actually recorded at 28.8 lb/in peak pressure, when based
upon the extrapolated effeti.ve dynaaic calibrations, also compare
favorably, although the totals of the cRlaulated errors are slightly
in excess of. the errors actually reuorded in several instances.
Again, the agreement with the over-all errors actrally recorded, as
based upon the stLtic calibrations, is not good.
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Yhe fact that the totals of the calculated principal errors are
in good agreement with the over-all errors actuelly recorded, when
based upon the ertrupolated effective dynamic calibrations, indicates
that the residual errors are &coali at these zero peak pressure posi-
ticns. Of oourse, this has not been proven.

These results also indicate that the respective error oalmula-
ti-ni hi.a some validity. On this basis, it would appear thtot the
"*flow effect errors" rrnge from about 1 to 8 per ceat at the 13.8 lb/in2

peak pressure level, varying with the gauge exployed, and are leos than
3 per cent for the panoaks and pencil gauges. At the 28.8 lb/in peak
pressure level, Uic indicated ran!,i - '-• 4 two 24 per cent, being
about 4 per oent for the pencil gauge.

In Table TV, a comparison is made between the calculated "flow
effect errors," and the baffle diameter to thickness ratios of the
respective gaugea.

Table IT

Flow Effect Errors as a Function of Baffle Dimensions

Type Diameter Calculated Calculated
of to Errors 2 Errors 2

Gauge Thickness 13.8 lb/in2 8.8 lb/#i

Pencil 20,1' l.f 4.2%

Panc.ke 10,1 2o 8.4

BRL 3:l .2% 23.8%[C
Length to thickness

This table indicates that the baffle diameter to thiokness ratio
should range between 10:1 and 20:1 if the "flow effect errors* are to
be held to low values.

The data precented in this report represents Phase I of an air-
blast gauge 'flow effect* program. Larger charges will be eployed
in Phase II, and the gauges tested will be subjected to psak pressures
ranging up to 300 lb/ in. Those tests are now uander way.
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"An Improved Tourmaline Air Blast Gage", by T. D. Carr and M. A.
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c. Ballistic Research Laboratory Memorandum Report No. ARBRL-
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UNCLASSIFIED, enclosed.

d. Ballistic Research Laboratory Memorandum Report No. ARBRL-
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Standing Crew Personnel" by L. R. Kruse and C. H. Lee, August
1981, AD number B060185, UNCLASSIFIED, enclosed.
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have determined that they do not contain any information that
reo-uires limited distribution. Document release authorities have
approved the reports for public release. This office will notify
the Defense Technical Information Center about the change in the
distribution statements.
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