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BALLISTIC RESEARCH LABORATORIES
REPORT NO. 734

S. 1. darks/emj
Aberdven Proving Ground, Md.

RESPONSE OF AIR BLAST GAUGES OF VARIOUS SHAPES
AS A FUNCTION OF PHRESSURE LEVEL

ABITRACT

The nounlinear pressure response of towaaline air-blast
gauges of various shapes has been investigated by ocomparing
peak pressures reoorded by the gauges, based upon the extra-
polated values of the effeutive dynamic calibrations at sero
peak pressure, with absolute pressures obtained fram velooity
measuremsnts of shook-front propagation. A similar ocomparison
has been made based upon the gtatio ocalibrations. 8&mall
charges were loyed injEfree—air-™

arges mure awloyed i —
{™e principal errors involved have been calculated from
theoretioal considerations at peak pressures of 14 an
and the totals of these errors oompared with the over-
/ actually recorded.
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INTRODUCTION

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

The shock tube provides a method for air-Ylut gauge ocalibration
which essentially duplicates [ield conditions,” and tests run in shook
tubes up to 5 inches in diameter have shown that a progressive reduo-
tian in the response of air-hlast gauges occurs as peak pressures are
increased from 3 to 15 1b/in®. Moreover, discrepancies between statio
and shock tube oalibrations have been observed,?: S the latter being
in reasocmable agreement with the dynamis calibrutions obtained in the
field when large charges are employed.

This reduced response in the shock tuue has been attriduted to
a "flow effect," that is, a reduction of the average hydrostatic pres-
sure effective on the sensitive elouwns of the gauge due to its finite
size when mounted edge-on to the flow.V This is essentially a Bermoulll
effect; oconsequently, it is believed that this error ocsn be reduced by
equipping air-blast gauges with baffles which are designed to reduoce
the perturbation of the flow bshind the szhock fromt to a minimum.

A "gauge-size error® is also introduced in field wrk,‘ being a
functior of the relationship between the diameter of the semsitive
element of the gauge and the shock duration. The shock duration wvaries
with the charge weight and with the distanoec from the charge. For a
given shock duration, the smaller the diameter of the gauge olemert,
the less the error. Unfortunately, sensitivity requirements make the
use of small diameter tourmaline elememts impractical at low peak
pressure levels.

In addition, what may dbe taxnod *high frequency amplifier response
error" is present in field work.”™ The magnitude of thie error is a
function of the frequency at whioch the response of the smplifier is dowm
to 70 por sent of its midband response far the attenuator setting being

1"Fintl Report on the Shock Tube," J. C. Flestcher, W. T. Read, R. G. Stomer,
and D. K. Weimer, NDRC A-356, OSRD-6321, 1946.

2"Characteristics of Air Blast Geuges, II: Response as a Rmotion of
Pressure Level," C.W. Tait and W.D. Kennedy, NDRC, Div. 2, AES-llo,
0OSRD=52710, 1945. )

Characteristics of Air Blast Gauges: Response as a Punotion of

Pressure Level," A. B. Arons, C. V. Tai%, G. K. Praenkel, and K. M. Doana,
NDRC, Div. 2, AR3-Ba, OSRD-4876a, 1945,

4"Dosign and Use of Fiezoelectric Gauges for Measuring Large Transiemt
Pressures,” A.B: Arons and R.H. Cole, Review of Soientific Instruments, Jan. 1950.
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used, and the frequenoies that ere recorded by the gauge. Obviously,
employing an amplifisr whose response is linear to a very high
frequensy ~ill reduoe this error.

An effort was made to evaluate these errors by testing air-blast
gauges in a 6-inch shook tubes. Eowever, <piipping air-blast gauges
with baffles inocreases their over-all dimensions to such an extent
that their responses cannot be deturmined accurately in s shock *ube
of this sise, since correction factors tc compeusate for the large
diametars of the gauges are not available. Morecver, ths peak pres-
sures that can be ocovered with this shook tube ie limited to the
range from S to 15 1b/in“.

It was thersfors neocsssary to resort to field tests in order o
obtain sir-blast gauge response data needed in oomneotion with the
development of air-blast gauges that are relatiyely free from flow
effoots up to Mach 1 (peak pressure of 67 1b/in*;.

EXPERTMENTAL PROCEDURE

The experimental prosedure cousisted of firing ome-eighth ,>und
bare spherical psntolite charges at a series of pradetermined distannes
from the group of air-blast gaages being testod, these distunces having
been selected from the Pressuryw Versus Scalad Distance graph s as to
produce the desired series of peak pressures at the gauge positions
(Pigures 1 and 2). It was assumed that the shock waves produced were
spherical at the gamuge positions. A prerequisite for firing was that
the resistances cof the cables and gauges had to be 500 megolms or mors.

Tho group of air-blast gauges being tested were equipped «ith a
variety of baffles, two BEL gauges, two experimental psnoake-shsped
gauges, and an sxpsrimental pencil-shaped gauge having been included
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 selectsld ns
being high emough to prevent ground refleotions from affeoting the
rsoorded trace and at the same time low enough tv permit necessary
adjustments of the gauge positions. The distanoces from the sharge %o

the gauge positioms were smessured with a stsel scale to 0.0l inoh,
r " sand in order to avcid additional ocaloulations all dlast gauger were

made equally distant frae ¥:.7 sharge by adjusting their positions
bofcre each charge wus fired.

wo pairs of Bochelle Salt velooily gauges were also insluded
in the test setup, one gaugs of each pair L2ing placed one foot oloser
to the charge than the group of air-blast gaug.s while the other
gauge of eqah pal- caf placea ane foot farther away fram the charge
than the blast gaugei.
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The outputs of the group of air-blast gauges were fed into an
oscilloscope tank and the defleotions recorded .a 35mm film moving
et approxixately 20 ft/sec. A series of calibration steps were also
impressed wpoa this film before esch charge was fired.

The arrival times of the shock-front at the velocity gauges were
rooorded simmitanecusly on SSem f£ilm moving at 40 ft/sec in the fo.m
of pips cn a 10 ke s.vtooth trace supplied by a orystal controlled
oscillator. A hasmomic of the osoillator was checked against radio
station WEY boefor- each group of charges was fired end adjustments
made, if necessary, tn insure timing aoccuracy.

The atmespheric pressure was recordad with a calibrated and
temmeraturs compensated aneroid barometer located at the firing site
ad placed at the same height as the group of o.ir-blast gauges being
tosted.

The velocity of sound was obtained by reocording the temperaturs
of the air at the firing site with a calibrated thermometer, makxing
relative hum.}dity measurements with a sling psychrometer a1d employing

the relation
- %
c, = 1088 1+ e L

vhers co i8s the velocity of sound in air ahead of the shock,
t is the air temperature (Ceanti~rade),
P is the partial preasure of ' .tcr vapor in air, and
P is the partial pressurs of the ai:.

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

The peak pressures were obtained from the shock-front velocity
measursments by the application to air of the Rankine~Hugoniot ideal gas
relation 2

Ps 2y U
= (—— - 1),
c

P, 741 o

where Ps is the peak pressure,

Po is the atmospherioc pressure ahead of the shook,

U~ 48 the velocity of shock-front propagation,

C_is the velocity of sound in air ahead of the shock, and

#° is 1.40 (ratio of specific heats for air).

Over the peak pressure range covered by this report, the results
nbtained from this equation are in cloase agrgement with the caloula-
tions of Brinkley, Kirkwood, snd Licherdson.-

I”Final‘. Report’ on the fhook Tube,.® J. C. Fletcher, W. T. Read,
Re G. Jtoner, and D. K. Weimer, WDRC A-3566, OSRD-6321, 1946,

27Tables of the Properties of Air along the Hugonict Curve and the Adia-
batics Terminating in the Hugoniot Curve,® 8.R. Drinkley, Jr., J.G. Kirkwoci,
and J.M. Richardson, ¥D&C, OSRD-3550, 1944.
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- The diatuéooa frow the charge at whioh these peek prassuria apply
(PB « 17 1b/in®) were caloulated from the a;proximate relaiion

~ o+l A 2 .
Rv=Rm[-T(B;)] ,

where is the distanoe from the charge at which the average shock

velooity measured over interval Ar is equal to the instan-
taneous shook velooity,

Rm is the distance from the charge of the mid-point of the
veloocity interwal,

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

Ar is the length of the velocity measuranent interwval.

The distanges from the charge at whioh these p!o.k pressures apply
(P, =17 1b/4.°) were calculated from the relation

Ar.2 1

(=) R -2 2=-n K
- l-im ’
A R"{ 16% [ 2 * 3 ) n"n]}

where R , P , n, and A r are the same as above,
v m
6A
K is equal to ,,Po,
v

A 18 equal to , and

r

r is the distance from the cemter of the charge to the cemnter
of the gauge element.

The peak pressures at the air-blast gauge positions were then
calculated from the relatiomm

n
_Pl. = (—r—z...
r »
2 1
whers P1 is the peak pressure at the position where the average shook
] : wlooity ove: interval' Ar is equal to the instantanecus
' shock velocity,
r : P2 is the peak pressurs at the gaupge positiom,
ry is the distenoe from ths center of tho charge to the posi-

tion where the averaga shook volooity over interval Ar is
squal to the instantaneous shoak veloaivy,

r, is the distance from the center of the charge to the oenter
of the air-blast gauge elisument, and

n is the sxponent in the distance decay law whex spproximated
by a powsr funotiom.

, €
1 "Anparatug for llcasuremant of Air Blast by Means of Pimsosleotri:
Gauges," G. K. Ivuealiel, 1020 41-373, OSRD-6251, 1946,
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The effective dyn!.mio gauge responses were then oaloulated,
employing the relatiom

W= 55 L

where KA is the effective dynamic gauge response (/¢,‘con1/1b/1nz).
d_ i3 the deflection resulting from P,
© 1s the pesk pressure at the gauge fosition,
l° iz the ocalibration voltage,
d" 1is the deflection resulting from B , and

e: is the standard capaoitance (/c./d')?

RXPERTMENTAL HESULYS

In Figures 4 to 8 sxe plotted the effective dynamio Ki's as &
funotion of pesk pressure level for the gauges and the amplifiers
inoluded in the tests (for shock durations produced by one-eighth
poumd spherieal pentolite charges).

BEL gauges T-63 and T-66 are round unbaffled gauges of {dentiocal
oonstruction and dimensions (Pigure 3), oomsisting of a four-orystal
stack, made of one and three-quartsr inch dismeter tourmaline discs
ocemented to a steel housing, and sensitive om one side only. The
retio of the diameter to thickmess of these gauges is approximately
3:1.

These gauges showed approximately lﬁneu‘ reduoctions in respomse
between peak pressures o’ 5 and }b 1b/in®. Above this pressure level,
the reductions in their responses bagan to lewvwl off, and the response
c® geuge ™63 increased above 2{ 1b/in? peak pressure. Both of these
gauges recorded erratiocally above the 30 lb/ln2 peak pressure level.

Pancake gauges Nos. 1 and 2 are round baffled gauges of similar
oconstruction and dimensions exoept for their edge shape, No. 1 having
a pointed ¢ ge and No. & having a rounded edge (Figure 3). The somsi-
tive elamentz of these gau. s oconsista of two two-orystal stacks made
of one-inch dianeter t>urmalins disos soldersd to opposite sides of a
central brass ta», whioch is an :ntegral part of the brass baffle.
these gauges are sensitive on both sides. The ratio of the dimmeter
of the baffle to the thickness of these gauges is 10:1, a ratio which,
in oonjunotion with the edge szhaps of gauge No. 1, should hold the flow
effect arros tc a maximm of & per oent up to Maoh 0.8 (peak prouurg
of 35 1b/in®), acoording to the prediotions of NaocDonald snd Sohaxf.

: 1-'Dolign end Use of Tourmaline Gauges for Pistoslectrioc Measurement of
Air Blllt?'. A. B. ‘Axk‘qns‘tnd‘Cf.W. Teit, NDRC A-372, OSRD-6250, 1046.

Lowy, the Bstimation of the Perturvations dus to Flow Arcund Blast Gauges,"
J. X, L. MecDonald and 8. A. Schaaf, AMP Note 22, AMG~KYU 136, 1945.
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The reductions in the responses of the panoske gzauges wore approxi-
mately )inesar between peak pressures of 5 and 15 1b in%. Above this
pressure level, the reductions in their responses began to level off,
and the response of pancake gauge No. 1 incrsased above 30 lb/:l.n2 peak
pressure. Both pancake gauges were oonsiderably less subject to reduo-
tions in response than the BRL gauges, paucake gauge No. 2 (rounded edge)
being superior to psnoake gauge No. 1 (pointed edge) in tris respect.
Moreover, the recordings of the panocske zauges were somewhat less soat-
tered than those of the BRL gauges.

The pencil gauge is an air-blast gauge of new dosign,l shaped like
& pencil, with two six-orystal stacks made of ome~hal{ inch dismeter
tourmaline discs inserted into opemings on ~.posite sides of the penc:l
at its mid point (Figure 3). The ratio of the length of the perdil
gouge to its thickness is approximately 20:1, which should hold the
flow effect error to 4 per ot up to Mach 0.8, assuming that the pre-
diotions of MacDonald and Scheaf apply.?2

The reductions in the responses cf ths pencil gauge were linear
between peak pressures of 5 and 40 1b/inZ, being slightly less than
those of the pancake gauges sand considerably less than those of the
BRL gauges. Moreover, the responses of the p&ncil gauge were much
more uniform above peak pressures of 30 1b/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 alr-blas®
gaug~s are presented. The calculations of Figure 9 are based upen
the extrapolated values of the effective dynamic EKA's at gzero peak
pressure, while those of Figure 10 are based upon the oconventiomal
static calibrations.

An additional comparison of these percentage errors for the
respect:ve air-blast gavges is given in Tables I and II.

Table I
EBrrors in Bffective Gauge Response Versus Peak Pressure
Gauge 5 1b 10 1b 15 1b 20 1b 30 1b 40 1b
Pencil 2.5% 5.0 8.3% 11.2% 17.0% 22.4%
Panoake 2 3.7% T.7% 11.1% 13.4% 18.6% 22,0%
Panoake 1 5.4% 11.1% 16.2% 18.7% 22,8% 18.1%
BRL ™66 8.% 15.1% 21.2% 26.0% 34.4% 57.6%

BRL 163 7.5% 17.5% 25.0% 30.6% 32.0% 24,0%
Note: Bxtrapolated effective dynamioc XA used an the referemce poi=t.

. "A Péhail-8haped Piezoslactric Air Biast Gauge,” J. W. Hamna,
BRL Jechmical Hote No. 275, 1850.
"On' the Estimation of the Perturbations due to Flow Around Blast
Gauges, " J.K.L. MacDonald and S.A. Schaaf, AMP Note 22, AMG-NYU 136, 1945,

16




M A0 TN M TR e TR S TR PR
L
)|
1
[]
1
e
]
3 t- t
I
i
i
)
:
f u
. auEn o
anEe 11 ! BRS!
}
4 }
i
l
t -
-t -4
T s
T 1 I E

18

v’

RPN




e ey P e, G

-
-
"
] R RIS B 114 ) + 1
o edes . —y e B 444 L 44
- Q T RSN J‘LJ TT 1 {37 RIS
- ' ‘\ATO_.. m{«r < 4.3 —+ 414 1+ 1+t %nmwt.».x IAvA :
-4
S BT o 2 = -+ 44 - - + { )
i T e
L - 4 é ,
au ] = jess &
4 i X
mv H .
ERpN . 1] 1] !
1 N
4 B = b gt 1 B w
b+ — m -
H
b 41 4 —+ —
| 4y { a 1
i
1
4 -4 4
1 |
R ! n 1
Tr 1 Y :
NEuSRE w ; ;
SRS S .
ERpRaE I . #|
P 4 .
.,.AJLTJ Pt 1
N 14. 1
Tlr4‘w|ﬂ4|\ L \«P ! = - H
1 + t =
o ,r\t,.A H 1 H 1 44 \
Syt +t ¢ - -~
oo Ti!ﬂ*l 4 - —
- Vvl. M i
ERag
11 4 44
] ;
i p”
, R Yy § -
i T ] o T
i ) r V. s 4t
4
h
3
y
1
b
] ’
i e
RN .
- i
_~ b4
-
I I 4.




Table II

Brrors in Effective Gauge Response Versus Peak Pressure

Geuge 5 1b 10 1b 15 1b 20 1b 30 1b 40 1b

Penoil 12,84 16.2% 18.0% 21.2% 27.0% 31.8%
Panoeke 2 2.9% 6.9% 10.4% 13.4% 17.9% 21.3%
Pancake 1  19.5% 24.4% 27.8% 30.4% 34.3% 30. 3%
BRL 766 1.0% 7.8% 14.0%4 19.2% 28.2% 34.2%
BRL, ™63 7.2% 16.8% 23.8% 29.9% 31.2% 19.5%

Hote: Statio KA used as the referemce point.

INTERPRETATION OF EXPERIMENTAL BESULTS

Figures 4 to 8 reveal the discrepancies which exist between the
statio and the offective 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 calibratiom.

It might possibly be thought that these discrepancies reflect
the inacouracy of the velocity meas:rements 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 runs at low peak pressures.

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

It would therefore appear that the discrepancies which ei’st
between the static and the extrapolated effective dynamic gaug»
calibrations are of such a nature as to make the use of the latter
preferable.

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

’ The response ourves of Figure S would indicate that, while the

panoake gauges represent a substantial improvement over the BRL gauges
from the standpoint of freedom from response errors, the peno%l gauge
is slightly superior between peek pressures of 5 and 40 1b/in®.

The pencil gauge is also superior from the standpoint of linearity
of redustions in response with increasing peak pressure level, the reduc-
tions in the responsesa of this gauge being linear between 5 and 40 lb/ln?
peak pressure.
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From the standpoint of uniformity of response, the pancake
gauges are somewhat of an improvement over the BRL gauges; however,
the pencil gauge is decidedly superior to both of the cther types
tested in thie respect, being subjeot to considerably less soatter
above peak pressures of 25 1b/in? (Figures 4 to 8).

It is logical to assume that gauges of the same physical dimen-
sions oontaining the same size sensitive elements should be subjeot
to the seme over-all response errors. Figure ) shows that the response
curves of the two BEL gauges are in g?enl agreement with this hypoth-
esis up to peak pressures of 25 1b/in“, but that above this pressure
level disagreement exisis, with BRL gauge T-63 showing an increase of
response above 25 1b/in“ peak preasure, while BRL gauge T-66 sh.ows a
continued reduction.

ine response curves of the pancake gauges (Figur% 9) are alzc in
general mgresment with this hypothesis up to 30 1b/in® peak pressie,
disagreement existing above this pressure level. The sauses of t.ecase
effects are not known at this time.

Pancake gauge No. 2 (rounded edge) appears to be somewhat less
subject to reductions in response than pancake gauge No. 1 (pointed
edge), but in view of the BEL gauge response curves it is not certain
that the edge shape makes a significant difference.

It should also be noted that the date cn the pemcil gauge were
taken using both 8- and 12-inch nose sections and that no discernible
difference in the responce of the gauge ocourred. The ratio of the
length of the pencil to its thickness is 20:1 using the 8-inch nose,
and 30s1 using the 12-inch nose. Obviously, there is no advantage
in using the longer nose sec.iomn, and it may be that a nose section
somewhat shorter than the 8-inch leagth sould be used without affecting
ths response of the gauge matsrially.

The question arises as tc whether the differemces between the
response curves o Figure 9 would be attributed to the differemnces
in the degree to which the respective air-blast gauges are sub jeot
to {low effact.

One of the prineipal errcrs involved, in addition to that due
to flow effects, is the "gauge-size error." This error can de
expected to be largs when small charges are used, sinoce the shook
durations are greatly reduced. Because of the differences in the
diameters of the sensitive elements employed in these ;auges, this
error will be least in the case of the pencil gauge, scmewhat more
for the pancake gauges, and greatest in the case of the BEL ganges.
Thus the "gauge-size error" should have the elffect of spreading the
response ourves of Figure 9 apart.

The other principal error involved, in addition to that due to
flow effect, is ths "high frequency smplifier response error.” this
arror, while probably not large, will be greatest for the penoil
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gauge, somewhat less for the panoake gauges, and least for the BRL
gauges. Thus this error should have the effect of moving the response
ourves of Pigure ¢ oloser together and counteracting the effect of the
"gauge-size error” to some extent.

The possibility of one other major source of error should be
mentimed. Tourmaline is subiect to what is known as a "pyroelectric
offeot." This refers to a volume polarisation caused by distortion
of the crystal lattice when the geometrical shape of the crystal is
changed by unifrim heating. A change of 1°C has the same etffct as
& pressure of 200 1b/in“, the effects being of opposite sign.

This sifeot ocia Le avoided by insulating the sensitive e)lements
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 und thic mess 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 "cver-all® dif-
ferences in the responses of the respective air-blast gauges, do not
represent the flow effect differences aione. This would be true only
if all of the geuges contained the same diameter sensitive elaments,
had identical insulation, and were equipped with baffles of tha same
dimensions.

CALCULATION OF PRINCIPAL ERRORS

8ince flow effeot deta were unobtainable from the response curves
of Figure 9, it was believed that it would be of interest to scalculate
the walues of the principal errors inwclved from theoretical oonsiders~
tions and then oompare the totals of these calsulated errors with the
aversge over-all errors recorded, based on both the extrapolated effeo-
tive dynamic calibrations and the static calibratioms. Thus, it could
be determined whether flow effect data might be obtained indirectly.
Acoordingly, this has been done for two runs, one at 13.86 1bs peak
pressure and the other at 28.86 1ba peak pressure.

The "flow effgct srrors™ were caloulated using the relation
employed by Scha

s = _mw
*LhoE P

where B P is the percentage flow effect error,

M 1is the Mach nmumber behind the shoak-froat, and
Cp o is the mean presrure coefficient over the gauge surface.
?

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

“*Blast Puessures and Mmemta from Some Large Bombs," E. B. Wilson, Jr.
and W. D. Kennedy, NDRC, OSKD-3046, 1.43.

2"Estimation of Perturbations due to Flow around Blaat Gauges with
Spherojidal Shapes,®™ S. A. Schaaf, AMG-NYU 144, 1946.
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The peak pressures at the blast-gauge positions, a: obtained
from the two-point velooity measurements, were then reduced by the
¥flow effect error” percentagss in order to obtain the peak pressures
aoting upon the respective blast-gauge sensitive elements.

Next ths "gauge-size errors" were caloulated using the roht:lan'l
e
o8

where a is the radius of the sensitive element,

o 1s the velooity of shook-front propagation, and

9 is the initial decay time of the trace.
(Tis relation applies when the ratio of half the gauge-crossing time
to the initial decay time of the resorded trace is less than l/g).

The "high frequenog amplifier response errors" were them ocalou-
lated from the relation

A= B1n [14-(1-6-“%)/0{] ,

where A is the fractional error recorded by the amplifier,
/3 1s equal to X/,
K equals RC equals 1/2w¢
R_is the time oconstant of®the input oircuit,
£° is the froequency at whioh the amplifier response is dom to
°® 70 per oent of its mid-band response,
@ 1is the initial decay time,
€ is the constant 2.71828
o is 7 /@, and
Y is the gaugs orossing time.

The peak pressures effective upon the respective blast-gauge
vonsitive elements were then reduced by the sums of the “"gauge-size
error” and the "high frequenoy amplifier response error" percentages
80 as to obtain ti:® peak pressures which the respective “last-gauges
should have recordza.

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 snould haw
recorded were then caloulated.

The results of these caloulations are presemted in Tble III,
along with the average over-all errors actually recorded, based upom
both the extrapolated effective dynamic calibrations and the static
calibrations.

%’ . "Design .and Use ol Plerrmlectric Gauges for Measuring Large
Transient Prelsuros,® A. B. Arons and K. [i. Cole, Keview of Soientifio
Instrumente, January, 1950.
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Table III
Caloulsated Principsi Eyrors Versus (ver-all Errors Actuslly Recorded

13.86 1b/in (Maoz .448)

Type Flow Gauge- Freq- Total Over-all Over-ell
of Effect 8ize Respoasa Calc. Briurs Errors
Gauge Errors Brrora Errors Errocrs Dyn. Cal. Stat. Cal.
Pencil 1.3% 4.5% 2.%% 7.9% 7.8% 17.6%
Panoske 1 2.6% 7.5% 1.4% 11.2% 12.3% 26.8%
Pracake 2 2.6% 7.8% 1.6% 11.6% 11,04 10,0%
BRL T-63 7.2% 12.4% 1.4 19.67 23.04 22.0%

BRL T-66 7.2% 13.7% 1.3% 21.6% 2C.0% 13.0%
28.86 1b/in® (Mach .723)

Pencil 4.2% 6.9% 3.7% 14.8% 15.8% 26,0%
Pancake 1 8.4% 11.7% 2.5% 21,5% 20.8% 33.0%
Pancake 2 8,4% - - - - -

BRL 1-63 23.8% 15.8% 1.5% 36.9% 32.6% 31.8%4
BRL T-66 23.8% 15.2% 1.6% 36.5% 23.1% 27.1%

INTERFRETATION OF CALCULATED PRINCIPAL ERROR RESULTS

At the 13.8 lb/'ind poak pressure level, the totsls of th»s princi-
pal crrors, as caloulated, are in reasonably good agreemsent with the
over~all errurs actually recorded, as based upun the extrapoiated
offective dynamic calibrations, but are not in good agreement with
the errors actvally recorded when passd upon the static calibrations.

The totals of the calculated pringipal errors and the over-all
errors actually recorded at 28.8 1b/in“ peak pressure, when basod
upon the sxtrapolated effective dynaalc calibrations, alsc ocampare
favorably, although the totals of the onloulated srrors are slightly
in excess of the errors actually recerded in several instances.
Again, the agroemeut with the over-all errors actvally recorded, es
besed upon the static calibrations, is not good.
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the fuct that the totals of the calculated prineipel errors are
in good agreement with the over-all errcrs actuelly recorded, whemn
bused upon the extrapolated effeotive dynamic ocalibrations, indicates
that the residual errors sars &eall at these zero peak preasure posi-~
tiens. Of sourse, thia has not been proven.

These results also indicate that the respective error calcula-
tiona hets some wvalidity. On this basie, it would appear that the 2
¥flow effect orrors®™ renge from about 1 to 8 per ceat at the 13.8 lb/in
peak presssure leovel, varying with the gauge employed, and are le!u than
3 per cent fcr the pancaks and pemoil gauges. At the 28.8 lb/in peak
pressure lovel, tuc indicated ranga e frci 4 tc 24 per cent, being
about 4 per ceat for the pencil gauge.

In Tublo TV, a comparison is made between the caloulated "flow
effect arrorg™ and the baffle diameter to thickness ratios of the
respective gaugec.

Table IV

Flow Effect Errors as a Function of Baffle Dimensions

Type Diameter Caloulated Caloulated

of ‘o Brrors 2 Errors 2
Gmgo T™hickness 13.8 l'bZin 28.8 lbzm
Pencil 20:1° 1.3 4.2%
Panccke 10:1 2.6% 8.4%
BRL 3:1 7.2% 23.8%

‘Lsngth o thickness

This table indicates that the baffle dimmster to thiocknesa ratio
should range betwsen 10:1 and 20:1 if ths "flow effect errors®” are to
be held to low walues,

The data precented in this report represents Phase I of an air-
blast gauge *flow effect™ program. Larger charges will be employed
in Pbase II, and the gauges tested will be subjected to psak pressures
ranging up tc 100 1b/in?. Thesa tests are now under way.
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