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SE OF CHANNELS WITH POROUS WALLS FOR STUDYING FLOWS WHICH OCCUR DURING
COMBUSTICN OF SCLID PROPELLANTS

V. . Yazzzdkin, Academy of Scisnces USSR, Mcscow

1

The laws of gas flows in a channel of turning charge of soiid gro-
sellant Is of great iInterest for Internal btalliistics. The rate of burn-

o Tuel depends not only on its rhysical-chemical properties, but
sc ¢cn +the conditions ¢f gas flow - laminar or turbulent, and also ¢n
~he characteristics of turbulence near the fuel's surface. An increase
in the speed of the gas along the turning surface above scme threshoid
value leads to an increase in the speed of burning of fuel. This 2ffect,
alled =srosion, 1s connected, in the majority cf cases, with an increase
in the convective flow of heat to the fuels surface. We procrose that iIn
charges of simple form, the presence of a threshold sreed 1s explained
tv the rthenomenon of transition from a lamlnar mode of flow to turbulent.
Alshough, in view of experimental difficulties, this transiticn has nct
been studisd under burning-charge conditlions, this proposition was re- ]
futed on the basis of the fact that the value of threshold Reynolds num-
ter 1s 10-100 times greater than the Reynolds number for transition in
~ubes. In the solutlon to thils problem, much aid ¢can be rendered by si-

mulating the flow and combustlion which cccur in the charge channel by
using the channels with porous walls.
zZxrerimental woriss devoted to the study of flows in channels with

corous walls are very rare. In the works of J. Taylor [1] and V. Veydzh-
man and F. Gevar [2] they acquired support for the generality of dis-
tribution of sreed in tubes wilith porcus walls with cne closed end In




connection with the theoretical solution of A. Berman [3] for a laminar

flow of wviscous liquid. The <heoretical distributicn of the axizl ccmpo-

>

nent ¢f speed has the .rm: ‘
21}
\a

where a - radius of the tube, v - speed on 1ts axls (v~x with blewing

-~ = COS -
¢

9, 4

of gas thrcugh the wall with a ccnstant speed VO). This relationship
is valld for high values of Reynolds blowing number Reo=av0/v and 1is
ocd arprcximation with Reo>lOO.
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ulent flows were studied by R. Olson and Ye. Exkert [4] wizh <h
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of gas not only through the wall but alsc through one end c¢f the
s
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ube. It was established that this flow strongly diffsr
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rmed cnly oy blowing Thrcugh the wall.
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cransition from a laminar mode of flow to turbulent and the characteris-

cics of turbulence in porous tubes wlth the feed of gas thrcugh the wall.
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O
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2sts were dcne also with sucticon and blowing through the l2ading
end of the tube whicnh is closed by a porous head. We used Ttubes made
frcm various materials {(graphite, metal, ceramics), with diameters from
350 to 20 mm and with a iength of up to 1 m, with different thicknesses
of the walls and with dimensions of the vpores from 10 to 60 um. Measure-
n<s were done w the 2id of a thermoanemometer with a constant Tem-
rature of the filament, which had a diameter of 12 um and a length of
1.5 mm. The sound of the thermoanemometer was introduced into the flow
through the tube with an internal diameter of 2.6 mm, glued to the wall
of the porous tube (Figure 1). Tests were done with a pressure within
the tube from 0.2 to 1 atm.

In these experiments we acqulred the following results:

1) With an increase 1in consumption of gas through the wall of the
tuce, 1.e. with an increase in the value of the Reynolds blcwing number
Reo, greater than some value, with a fixed distance x the sound frcom <he
2.osed end of the tube, there cccurrsd 1In the ficw fluctuations of sceed
dlrectly in its enctire cross section. The maximum amrlitude £ the Jluc-
“uaticns was found at a distance of approximately 0.2 radius of the <ube
frem the wall., In tubes with sufficlently flne and uniformly distrituted
pores, thnese fluctuaticns first had a veriodic character (Figure 2).
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Figure 3. Mean-square values of fluctuations cf sgeed in transltion zcne.

This circumstance posicively showed the fact that the transitlion was con-
nected wi<h <he hydrodynamic stability of %the flow. Flgure 3 ccnstructs
the dependence of the mean-square value of pulsations of the longitudinal
comronent of sreed on the Reynold's blowing number. The graph nctes the
zones of laminar flow (I), periodic fluctuations (II), intermittance of

turbulent fluctuations (III} and <urbulent pulsacions

the radius of the tute ¢f the mean-sguare and
mplitude of veriodic fluctuaticns of sreed are
se fluctuaticns occur in some relativelrw
cn with the theory of hydrodynami: sta-
1. The freqguency of the pre-transition




veriosdic luctuations changed with a change in the length of the tube
and oressure so that the Strukhal number Sh0=af‘/vO remained constant ‘
and egqualled 1l wi<nh 2 change 1n the Reynold's blowing number from 100

o 200.
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Flgure 4. Mean-sguare vvalues or rericdic sreed Tluctuaticns In the
eritical layer.
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igure 5. Dependence of critical Reynold's number on tube's length.

£8]

2). We determined the critical value of the Reynold's numker :-f the
axial flcw Re=av/v, which corresponds to the beginning of the occurrence
of speed fluctuations. Measurements which were ccnducted in different
tubes showed that this value depends on the dimensicnless coordinate of
transi-ion pcint x/a. The critical value of the Reynold's number of flcw
grew together with a growth in the coordlnate and reached a3 value o7
~20,3C0 with x/a=55 (Figure 5).

If? we accept, aczcording to A. Berman's thecry, a general distribu-~

“ion of speeds along the *“ube's radius, then from the equation of con=-
sumption we can acguire a derendence of the Reynold's flow number on <he
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wing number:

coordinate x and the Reyncld's bl

X
Re = n1Re; —
a

with the condition that Reo>loo. Csing -his dependence, we can acquire

a coordinate of the beginning of transition xcr/a as a function of c¢cnly
the Reynold's blowing number (Figure 6). Let us note that this conclu-

sion also follows from the theory of dimensicnality.
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Figure 9. Dependence of point of beginning of transition on the Reynold's
blcewing number.

A strong influence of the Reynold's blowing number on the stablli=y
of flow is determined, apparently, oy the presence of the transverse
component of flow speed, which 1s not considered in the theory of sta-
bilicy of parallel flows. At small lengths we alsoc see as possible the
influence of vortical zones near the channel's head. Recently, V. J.
Varapayev, upon our request, accomplished an estimate of the flow in the
first part of a planar channel with porous walls. With Reo>50 alcngside
the nead of the channel, there are actually formed two stationary vor-

ct
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es (Figure 7). They influence flow on a length equal, approximately,

ot

> the width of the channel (Figure 3). At a greater length, a general

stritusion of speeds 1s =2statlished.
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she mean sveed remainsd near the distribution

in

+h

wia

in sre=2i, This difference attests to a different cnaraczter of
£ton of rulsaticn sreed and Reyncld's stresses in channels wi

e

£
igure 9). It is known that in tubes with impermeable walls,

¢ 3) After transition to a turbulent mode, the distribution along

Rey =100
Fizure 7. Linas 7
Fizure 3. Distributicn of speeds in first part of the planar channel.
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and Impermeacles walls.

The mean=-square value of pulsations of the longitudinal component
of speed in the turbulent mode proved tc be substantially lower than iIn

4 =

1
tubes with impermeabls walls with the same values of Reynold's number
Q
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ative Iength of the tube. For a compariscn, Tigurse presen

o} s
ults of measurements of J. Laufer [7]. We shculd voint out

“he res the
varticularly large difference of values of pulsation srveeds near the

axls and wall of the tube.
4) With the feed of gas through the front end of the tube which is

(&)

losed by a rcrous head, it was shown that the transiticn was accomrlishe
with lower values of the Reynold's blowing number Re, (Fig. 10). Converse-
1y, with suction through the head the Reynold's blowing number, which
corrascrcnds to the beginning of the transitlion, increased 1.5 times in
the tube with a relative length of x/a=11.4. The basic reasonf fcr this
growth can be consildered the removal of vortical zones in <he tube's head.
3
n the second part of the work, we studled the distribution of the
front of a flame in a unliform prorane-alr mixture fed within the
through the corous wall (Fig. 1). In the tests we Jesermined the ro
ol £ the flame front with the ald of ilonization scunding and pho-

é ol
tograrghing through a quart*z window whilch served as the channel head.




and the angular

of fluctuations

-2 -,

WIS 2

1 2 diameter
fluctuactions
the
the h
cCc a turtulent mod
ich

W
vis

c

“ne gas

rhase

2f 90 mm with a

T T
! i
]
I ; ; i
3 b
2001 \suctwn (vy<0) :
l ‘Ln/ectmn (%>0)
i '
50! ;
| |
100t A
!
| |
! !
50! \; i
\ Re,
J ‘000 2000 300 4090
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A2 Tocund swo wave modes of propogation of the Tlame: with Tangential
aves In th2 form of longitudinal grooves (Figure l1la) and with longisu-
itnal waves in the form of rings (Figure 11lb). The tangential waves which
were octserved at great distances from the flame Tront to the wall were
statiorary, and for mixtures with a richer :zcmpesition - running along
~ne rerimeter of the flame. The lcngitudinal waves vroved to be station-
ry, Since an oscilliogram of the ionization current I_. showed veriodi:

iin2s cn the

gure llb were obtained in a tube

2
n 1

=
~n o

in fuel
A=2

= . - -
LOW contenc

mixsure.

N

Hz enth

was f=60 Hz,
length of the

ea’

and wavel - cm.

“ukte wher

transfer ¢ “he wall

h e The
e, determined by the oscillogram 7 -n2
a Reynold's flow number of Re_= avvw (v
osity of combusticn products) is L2233 "n=
e is rositioned from the tube's wall., In
<acle <han iscthermic.
ablllcy of flame, trobably, are vossitls
s in narrow chranne.s. Here, the sreeid o7
ancmally larger 17 the width 3£ the reszztic
“han C.2 of the radius of the channel.
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Instacility ¢f a cylindrical form of the Cflame Front soward tends
T21lows Treom the Landau-Marikshteyn theory. I in =his thecry we conslider
. he influence o tne wall, we can say <hat uron rnearing the wall

g
th- Ilzme beccmes stable for all wavelengthns. An unstatle flame in The
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