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SUMMARY’

This report presents recent analyses, and fits of experimental dati: to scaled parameters,
for time histories of the relatively long duration pressures which exii. .si‘ter'cxplo'sions in
vented chambers. A convenient form for.combination of several‘e gr? ‘quantities-arises*from-
the analysis. Curves of.vent:pressure timé histories and duratw':: p ¢ £nted in the report
should, however, be considered as tentative because of additiona, u"fent work on vented gas
pressures in the Edgewood Arsenal suppressive structures progras !

PREFACE

The. investigation described in-this réport was authorized: weer PA, A 4932, Project
5751264. The work was performed at Southwest Research 11, “j+ute under Contract
DAAA15-75-C-0083.

The use of trade names in this report does not canstitu 2*'n official endorsement or
approval of the use of such commercial hardware gr softwar . “This report may not be cited

for the purposes of advertisement.

The information in this:de‘ctiment has been cleared e, elease tovthe general public.
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ESTIMATES OF BLOWDOWN OF QUAS!-ST. A7SC PRESSURES
IN VENTED CHAMBERS

. INTRODUCTION:

‘In earlier work on estimating quasi-static pres-.ares within vented structures, a diménsional
.analysis was made and scaled curves generated ba’ed on empirical fits to data for prak quasi-
stafic pressuresand-blowdown times (see Fig.. BS and B6 in Ref.'1). Data from:References 2
and"3 were fitted to an empirical combination-of scaled parameters which seemed.to fit-the
data best. -

To describe more completely the internal pressures applied to vented structures during
the blowdown-of these relatively iong-term pressures (long term compared to initial reflectéd
shock pressures), it would'be desirable to be able to estimate the time histories, including their

character for structures.which were better vented.tharn those reported in References 2 and 3.
Reference 3 reports some data for impulse in the quasi-static phase, as well as peak quasi-static
pressure-and blowdown:times.. These-authors (Keenan-and-Tangreto)-also note that they ob-
tained’no measurable quasi-static pressure rises for values of (4yen/ V) of 0.678 or greater.

No measuréments have apparently been made in the range '

0.0775 < (A';“‘) <0.678

This report includes additional stadies on blowdown of pressures resulting from explosions
in'verited structures, with particular emphasis on prediction of the details of these pressures for
design of suppressive structures. The work was performed for the Edgewood Arsenal suppressive

Structures program under Contract DAAA15-75-C-0083.

Il. THEQRY

An Analysis is available inthe literature which can be applied with some modification to
this problem. Owczarek,* on pp. 254-255; considers the problem of prediction of pressure
with time in a tank initially filled with gas at high préssure, and then emptied by the sudden
opening of a convergent nozzle in the tanK.wall. He'assumes* a quasi-steady flow process, d
perfect gas, no-heat transfer, and isentropic expansion in the hozzle. Two flow regimes apply,
for back pressure po.less than, and equal# _;or-greater than, critical pressure for the nozzle.
Schematically,.this situation is shown in Figure 1.

*Elsewhere in-Reference 4, Owczarek also considers this same problem with shocks and rarefactions in the tank.
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FIGURE 1. IDEALIZED VESSEL BLOWDCWN -

Owczarek's solutions give time'r as a function of ratio of préssuiat this time to outside
ambient pressure.}

Py =)
E . ‘ Po

(H

'::5 These solutions are:
’;\;’:

; pe 4 2 Y% l)(1+ Dif2(y =HJ (b_)(v—d)lv l] -
T ARG )P -D \ 2, P(r) B

&

|

: " A 2\ - D

: or P(t)> po /[—— 3
b (1) po (‘7+1 (3)
{

%

$

and

2 [vpy-tyv2po-venll
Pty = [—— (’ ) ] |0:4932
y—1l4, \ 2 (R;6,) 14

—-%(u2 + S)(x? + 1)112 —%h (v +\/.\-="+ 1 )] {

for

g TR RS SRR SRR T v
IR R

1

v+ 1

In Eq. (4), t, is the time at which P first equals the upper limit in Eq. (5), and x is a dimension-
less group

4w e tsa——— s

1<PY

_y:[P"Y - Dy — l]ll2

(6)
+1In this analysis, all pressures are absolute pressures.
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In these equations. A,-is exit area of the nozzle; the symbol “«™ indicates sound velocity .
v is ratio of specific heats for gas within the chamber, R, is the universal gas constant; and.
other quantitics have been defined. The perfect gas law requires that

P
2 =X=qR.0 (7
P
So the quantity
(YR,0,)? =a, (8)-

i.c.. the initial soind velocity within-the véssel. The set of Eqs.(2) and-{4) applies onlj for
initial pressure ratio P, greater than.the fimit in Eq. (5).

With some ascumptions, adaptation atid“rcarmn_gemcm, we can-apply Owczarek’s equa-
tions to venting of suppressive structures. Let us assume.that the nozzle exit area

Ae = As 9)

The inlet sound velocity a, is an important parameter in Eqs. (2) and (4). In suppressive
structures, this is not known exactly becatise the gas being vented is héated air mixed with
explosion products. ‘But, from work of Rroctor and Filler;? it-is appirent that the great
majority of the pressure rise within a-vesse! containing an explosion is caused by addition-of
the heat energy of the explosive to'air, rather than dddition of miols of explosive products.
Assuming that.no appreciable venting occurs during the initial stages with shock reflections.
this process represents« constant volume heat addition. Such a process raises the absolute
temperature of a perféct gas in direct proportion with the absolute pressure rise. From Eq.

(3). we then see thiat
T 172 .'P 142
=7 -G (10
do Ty Py

Equations (2) and (4) can be rearranged in dimensionless form. Let:

N AT de
T= v - VIIJ) (Vz/.\ . (n
‘where T is a dimensionless time. Then, Eqgs. (2) and (4):become
- 2 v+ I\ HDIG £ DL Tep \oy - i@y
7= ( ) (~) -1 (23)
(y=DH \ 2 P
- 2 \v6G -
for P> 1/ (—-—)
v+ 1
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These equations express dimensionless time.as a function of dimensionless pressure :ind ratio
of specific hedis. They are explicit and allow solution for any initial pressure ratio P, and 7.
Plots.are shown for a:range of P; and ¥ = 1.4 in Figures 2 and 3. From these figures. one can
see that' P = I for finité-values of 7. i.e., blowdown times are finite. Scaled durations of blow-
down T, can be obtained from Eq. (2a) and (4a) for any P, by determining ¥, and setting
x =0. Values for scaled duration of blowdown, ¥n,,«. and time to reach critical pressure ¥,
are shown in Figure.4 as funitions of P,.

These equations-change-the definition=of 7in'Eq. (1) to

» _ acA Pl 172 lao
=) () G (1

where a, is sound velocity.in the outside air, A; is internal surface area of the structure..and
a, is as vefined in Reference i. From Figure 4 and our previous discussion. we note that
Tmax IS8 unigue function of P, . say

Tmax =N (FL‘) (13)
However, from Eq. (12)
- _;mnx - 4D
Tman = pri2 =/2(Py) (14)
1

Furthermore, we can define.a simpler Combination-of parameters as-a scaled time, i.c..
- flap \
=G s)

- e As\ ~ F—
Tmay = (V—yf) Imax = f>48%) (16)

so that:

16
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FIGURE 2 SEMI-LOG PLOT OF SCALED BLOWDOWN PRESSURE VERSUS SCA LED TIME. 1= 1.4
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I1l. COMPARISON WITH DATA

The function 74« can be compared with measured blowdown times for vented structures,
as from Reference 3. Theorztical functional forms for Ty, . are plotted versus P, in Figure 5,
and data from Reference 3 cast into this form are also plotted. Because Reference 3 cites spread
in measurements, we can indicate this spread by width and keight of each réctangie in rigure 5.
The experimental data describe a different functional form than Owczarek’s theory. (Note that

the vertical scale is greatly expanded, and that deviation‘from the theoretical curve is always with-
in a factor of two.)

Some data are reported in Reference 5 for blowdown times for cylindrical vessels with end
plates having various sizes of holes. These investigators give times to reach-critical pressure, rather
than atmospheric pressure. But, we can easily calculate scaled times corresponding to this pressure;
they are 7, and 7,, defined in the same manner as in Egs. (12) and (16) respectively. These quan-
tities are plotted on Figures 4 and S. Scaled data for 7, from Reference 5 are skown on Figure 5
and lie generally below the experimental values.for-7p 5y from-Reference:3.

A much more approximate analysis of blowdown from venied structures has teen made by
Kinney and Sewell.® They assumed that there was no regime for flow transition, and venting:

therefore occurred at sonic flow velocity down to outside atmospheric pressure. They also

assumed an initial source temperature independent of initial pressure. These assumptions yielded
a simple differential equation for pressure change,

. A
=_c4 a7
P=-C3P

Kinney and Sewell integratéd this equation directly and obtained the solution*
n P=tu P, —CAl (18)

They chose'> value for C = 2379 ft/sec, giving C = 2.130. Using our definition for

T=Al, (19)
Eq. (18) becomes
4n P=4a P, —2.1307 (183)
and it yields Ty, by setting = 1. This value is
Tmax = 0.4695 & P, (20)

Itis plotted on Figure 5 as the line labeled “Theory, Kinnéy and Seweli”, and apparently gives
beeter agreement with experiment than the more “exact” theory of Owczarek.

*We have converted to dimensionless parameters, with C = Clag.

_14
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Because the theories of Owczarek or Kinney.and Sewell predict complete time histories
of blowdown préssures, these histories can be-integrated to*yield*predictions’of‘ gas pressure
'i’mgulses. lg. This was done graphically for plots such as Figure 3 from Qwczarek’s theory,
and analytically- for the simpler equation of Kinney and Sewell. The latter equation, in
dimensionless form, is

= V(&r -
Ig =b; (ecrl““x —’l) ~ Tmax 2n
‘where
Ty =1, (“‘———’A‘“ °) 22
poV

Both prediction curves are shown in Figure 6, together with points from Kéenan iind Tancreto.?
Again, the very approximate jormula of Kinney and Sewell appears to fit the data better than
-the.more “‘exact” curve-based on Owczarek’s equations:

IV. DISCUSSION
From the analysis presented here, it seems apparent that time histories of pressures within
vented explosion containment structures can be scaled, and perhaps can be estimated. based on

a simple gas dynamic analysis by Kinney and Sewell,® or 2 more complex analysis by Owczarek.*
The scaling (dimensionless) parameters involved are

- [tay
t= (Vua)

(23)
- (P
(2
p
()
Po
Owczarek’s analysis predicts that
P=1, (P, AP T, ) (24)

and gives this functional dependence (see Figs. 2 and 3 for a 4y = 1.4). The combination of’
scaled parameters in the second term in the parentheses is al;o a scaled time,
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N e =

r=APy2T (12a)
Becausc,}:, appears in this term, a more useful scaled combination is probably

Fezo-= A7 (14a)

.,

)

This combination also appears in Kinney.and Sewell’s simple analysis.

Both prediction cquations predict finite blowdown durations, so maxima for 7 and 7 can
be easily calculated. These maxima and scaled times to reach critical pressure are shown as
functions of P, in Figures 4 and 5 and data from Reference 3 and Reference 5 are compared
to the theoretical predictions in Figure 5.. The scaled pressure-time histories can be integrated
to give scaled gas impulse Tg, which is plotted in Figure 6 as a function of P,. This parameter
is defined as

T <l (2 Y
PV '

Limited experimental data indicate better agreement with the simple eéquation of Kinney and
Sewell than with the more exotic solution of Owczarek. Both, of coursé, are approximations
to the complex situation occurring during venting.

V. CONCLUSIONS

More venting pressure data should soon become available from BRL tests in the Applied
Technology Program. Also. conversations with J. Proctor of NSWC White Oak indicate that
there is a body of Norwegian data not noted here. NSWC is also looking at the venting process
in much more detail. For these reasons, curves such as Figures 2 and 3 should be considered as
tentative, and should only be used for interim estimates of venting pressures, gas impulses, and
durations. We feel that the primary value of the information presented in this.roport ligs in
development of an improved method of presentation of Venting data in dimensioniess form.
and in presentation of some curves and formulas which give preliminary estimates of venting
for structures with lasge vent area ratios.
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