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Preliminary results of measurements of therrnal shock
structure are presented. Cold wire probes, of the type
developed by v. H. Christiansen (Ref. 2}, were constructed
utilizing wires of . 00001" and . 00005" diameters. Heat transfer
measurements were obtained at M’S & 5 and 7.5 in the GALCIT
17-inch shock tube over a range of initial pressures {rom 25
to 200 M Hg, producing thicknesses on the order of one
centirmeter.

The heat transfer data obtained are compared with
predictions based on the Navier-Stokes theory and the recent
Liepmann-Narasimba-Chahine theory (Ref. 3) for shock profiles

and the free molecule heat-transfer theory of Stalder, et al.,
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The GALCIY 17-inch shock tube (Ref. 4) makes it possible
to work at initial tube pressures of a few microns of Hg. The
low leak rate insures purity of the test gas, and, the large dlameter
roakes it possible to achieve sufficient separation between shock wave
and contact surface to give a well-defined shock wave and after-flow,
Another, earlier GALCIT development, namely the cold-wire probe
{Christiansen, Ref. 2) had the possibilities of sufficient response
for making a measurement of shock structure. An investigation of
this paé&i‘@iii@:y iz the main theme of the present work, Christiangsen
used wires down to . 0001 inch in diameter for gtudying the flow
behind shock waves aund indicated that the dianieters would have o
e mueh smaller for measurements inside a shock wave, i.e,., over
much shorter flow durations. In view of some earlier success in
mounting and using . 00001 inch diameter wires (Ref. 8), it was

decided to attempt to use these In the shock tube.

quite different fyom Sherman's ef, 9) technique of measuring the
gtructure of a stationary shock, In the latter case, the wire was
allowed to come ko eguilibrium at each wmeasuring polnt, and the
basis of the measurement was the vargiation of the equilibriom
temperature through the shock., In the shock tube experiment, it is
the heat transfer yvate that provides the basic measurement and it

has to be related to the variocus parameters of the shock profile.



£

A further incentive for the present experiments was the recent work
on shock structure by Liepmann-Narasimha-Chahine {L-W-C, Ref. 3},
which indicates sowne interesting departures from the Navier-Stokes

theory at shock Mach numbers above 2.
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A. General Tuperimental Procedure

A stationary very fine cold wire (Ref, 2) was placed in the

LIT 17-inch shock tube {Ref. 4). A thick (1 cm) shock was

allowed to pass over the wire, heating it. The object of the

uperiment was _» the wire response. The response

of a cold wire io a shock produces an indirect measurement of

Y

shock profile, i.e., th: measured ¥ i3 related to the distribution
G

I3

oip, v, and T within the shock (v in shoeck tube coordinates).

&

Heat transfer to a eold wire is proporvtional to dT/dt, thus

dt in the following manner {iled, 2)

R = R+ < (T-T)] (1

Usging Chm's law
TR+ «(Tw-TN]
Ditfeventiating:

1
by
i
—
>
R
—
b3

In region 2 behind the shock, the flow is wniform,
&

providing constant values of T __ and E’:ffws gince the wire is simply
W
a calorimeter gauge. This reygion of known conditions is used as g



o,
L

convenient reference. 4 shock of zerp thickness, then, would

protuce a lHuncear response, while the response to a shock of

o

finite thickness depends on the distribution of p, v, and T
within the shock {gee skeich).
4.

g, —
W npp?&)wmatﬁ
Thickness

4 “w
ghegﬁgn fﬁ‘n@gif@ﬂ

(1) (2)

&

() k .{ (2)
|
| |
I
!

— —

g’
Finite Thickness

Tt

Differentiated Output
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B, Theoretical Considerations

The goal of the experiinent is to compare the measured

E _and ¥ with theoretical predictions. To obtain the latter,
w W
one uges predicted values of p, u, and T in an appropriate heat

transier theory. Flow was, in all cases, free molecule flow for

the fine wires used in the experiment {minimum Knudsen number,

1%—‘3 was 250). Staldew, et al., (Ref. 1) find the following:

. PYmxe [T ”C"(sv]
% [ 90

2 ™ 3/p (‘%ﬁ
In equation (3}, which is an equation for the rate of change of
wire conditions, any effects due to radiation and end losses are
secondary, due to the short thmes involved. The wolecular
speed ratlo, @, may be written
X bl
. ‘ z Ms { B
(4)
T
T,
Using
v = (_\f A I Vs
A = 2 =2
V. I\ s S/s
and



one obtains _ _B_\)_:S_._"C_j__ I s 11‘: %s% 30(9
Cb 271—3/7‘ %’_ MS T S, T,

q = BF( )( £ s - %(Q) (5)

The calorimeter relation {(Pef. 2) is

. U
Tw= dgwcw cb/ (6)

Therefore . T }( £ ) — q °(s)
d%w T

_.‘
p2
1l

L
I
l
.f-\
woivh
\___,/
/'—\

+)

L"/

oD
f\
v

S

(%)

Using equation (2},

- T8\ Tron_ o
E’W: _LR|°<1 AJ:I:‘ (g\)(—rl‘}:() 3 (S}) ﬁ@)

A slight modification is presented, governing a



Ywarm' wire.

IRO( A{F XT*C(S) TWS (s)) + TW 3(5) (9)

A warm' wire ig one in which the current is high enough to
heat it above ambient conditions. (This was necessary to obtain

sufficient response (g, (Z)).)

For an absolute measurement of Zf‘:l‘%j ¥ Efwn the wire
. ;

congtants e Qz' d, gsw and szm, must be found., The most

accurate method for wire calibration is probably that which
uses the response in region (2), since conditions behind the
shock are accurately known., This may be accomplished as

follows: Resistance is defined as

R,= T4 (10)

Forced convection heat transfer may be written in terms of

Nussalt number,

Qppvees = TK Nul (Te-Tw) (11)

Tr ig the recovery temperature of the flow, Combining

eguations (1), (2), (6), {10}, and (11},



e
|

0(.\ -
= Hx Nu. (AQ&CHWR\ (T\,—— \w) (12)

Using the reference region {2) and introducing the Prandtl

and Reynolds numbers,

E.’L Pf—;@ﬁz 0(_‘ ‘ R
(Tv —T.)“(—*j (_“’_\) s
L{—CP (ew), R, Nu , ds< /s decluwl\ R, {13)

1

This is of the form v = mx + b, Holding appropriate
guantities fixed, one may obtzin @,g!é,{acgw and Ql!cﬁg«:bw from
two or more experiments., This particular method is a
difficult one. A further problem is lack of information
concerning e, the accommodation coefficient. The value of
o, is not accurately known, but may possibly be assumed
constant across ths shock wave, For these reasons a non-
dimensionalization and normalization process ig employed

as follows:

£, = constont= ATR, { [T (&) ety - Trgton)

Ew,= ATR«, D



T M ‘ - .g\
where 2 s e,

S, =
T2
T
Therefore,
Ew _ LU”‘E(S_)( Fly- ™ (s>> (__> O\}
E.Wq, D T, g\ g \ | SL {14d)

where e {\F;(%>(—%‘F(S\ Tw'%(s \+(——‘-\>%(0\}

This equation provides an easy means for comparison {see

Data Reduction). It may be integrated to provide £
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C. Experimental Arrangement

a) Probe Consivuction

The probe was a bank of six very fine wires mounted in a
standard plug designed for the GALCIT 17-inch shock tube. (See
Ref., 4.) A drawing of the probe is included in Figure 1. The
face of the plug was circular, approximately 40 mm in diameter
and was flush with the end wall of the tube. Six glass to metal
seals were mounted in the plug face. Milling dowel was soldered
into the terminals of these seals, protruding 15/32" from the
end wall, ({(MNote that this distance allows the shock and some
uniform flow to pass over the wire before the reflected shock
returns (see Fig. 3).) Six cold wires were mounted across the
dowels, equidistant from the end wall, The fine wires used were
. 00005 diameter {1/20 mil) platinum ~rhodium é{l@’ﬁi}@?ihm)
Wollaston process wires (1/100 mil wires were studied but
problems discussed in Appendin A precluded their use). The wire
heating circuit was the usual circuit with ballast resistance to keep
current constant. A detalled description of fine wire mounting is

included in Appendix B,

b) Final Measurements

The GALCIT 17-inch shock tube has been described in
detail in reference 4, 4 further discussion is presented in
reference 5, while a modification of Irnportance is reported in
reference 6,

The probe described previously was mounted in the
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stainless steel end wall of the shock tube. Various combinations
of helium and nitrogen were employed in the driver section to
obtain various Mach numbers {cf. Hef. 5). The gas in the
driven section was argon, at initial pressures ranging {rom

25 Mg to 200 (g, The 1/20 mil wire probes were electrically
placed in series with a large resistor to assure coastant current
operation. A precision resistor, placed in series with the cold
wire, was used to measure the current, by measuring voltage
across it. All voltages were measured by digital voltimeters.

A gimple switching arrangement facilitated voltage, current, and
resistance measurements,

The cold wire output was fed directly to a = 1@3 arnplifier
and sent to the six "y axes of three dual-beam Tekironix
oscilloscopes. Three different scale settings were emploved.

The overall picture was viewed on ovscilloscope 1 by using long-time
scales {5 Msec/cm, see Fig. 3). Shorter time scales were employed
on the other two oscilloscopes,

To assure an adequate measure of the linear wire response

region (2), the upper traces on the second two ocscilloscopes
were delayed by roughly 5 psec to produce the lower traces
{cf. Fig. 4). In the cases of short-time scales and thick shocks,
the delayed upper trace was absolutely necessary to establish the
£

rveference. The data were recorded by photographing the

oscilloscope response trace (Figs. 4 - 9).

A thin {ilin heat transfer ¢

]

jauge was placed 24 wm upstream

(j}’ﬁ«
&

of the end wall of the shock tube to provide a triggering pulse as



the shock passed over it. This triggering device was located only
17/32" ahead of the cold wire probe {(but 6 to one side). With this
arrangement, the time between (rigger and shock arrival wasp
short enough {approximately 5 HS@C% that no initial delay was
requirved in the setup.

Shock Mach number was obtained by measuring the shock

velocity between two film gauvges 500 mm apart near the end wall,
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soiny

iz, Data Reduyction

e oscillograms of the six final runs are shown in
Figures 4 - 9. There is some inherent camera lens distortion
on the oscillograms. Thig distortion reaches up to 10 per cent
on the outer edges of the photographs. The 60 squares on the
photographs were measured and each reading {ron: an
oscillogram was corrected for both horigonial and vertical
digtortion. The horizontal oscilloscope scales (tine) were
checked using a pulse generator fo give a kanown thwe marker on
the trace. The timing traces relative to the sQuare grid were
found to be 0 « 3 per cent in error. This was corrected., A
calibrated voltage was supplied to the oscilloscopes and the
vertical deflections of the traces were calibrated visually., This
is believed to be gufficiently accurate, since in the novmalization
process the associated multiplicative error ia divided out.

On the final six oscillograms which were used, absciosas
and ordinates were read from a x 10 power optical comparator.
The readings were accurate to within . 001", The readings were
made non-dirmensional horizontally with the mean {ree path and
shock speed, .and with G?zfa Y vertically, These data are included

in Table L.

The data presented in the graphs and tables represent true
response, without curve smoothing. These points, non-dimensionalized,
are vsed in a numerical differentiation to oubiain a curve for comparison

with theory. If Tys Hps Eay Hyo and % are five sucecegsive equally

spaced abscigsas, placed In ascending order, the differentiation
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formula employed (Ref. 7) was:

Iuta) 1 Y () -Z )y Sulkg) -t (%—\}
i Ax{vz%x 340 340 '2% ’ (15)

Y here:

Ny = X=X 5 Xz = Ky etc.

The x spacings of points from the data oscillograms were not
equal but varied by only 1 - 3 per cent. A mean value of ax was
determined for each set of five points so that the calculations were
as for equally spaced points.

All pertinent parameters such as wire resistance,
temiperatures, eftc., are included in Table I for reference,

¥or comparison purposes, the data for the L-N-C and
N-5 theories were reduced and plotted. Awvailable from both of
these theories ave the guaniities u/al. p/pl and ’?/‘Zi“i for
substitution into equation (14). Oune may, using this equation,
compare the differentiated oscillogram data with the L-N-C and
N-5 data.

To compare the two theories directly with the EZW versus

t on the oscillograms, one must integrate equation (14):

t
EVJ ___I T § T o —r o — o
- — -— (j__ W ]
aEu, 193 DI,{JT(Q(T'%: R %(g}('%u_)%(&}dw (16)

\
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Withe -
Vs t

V= ThA,

A timne origin for the shock profile must be chosen
arbitrarily. In the comparison of theory with experiment,
time is a free parameter, which is compared by aliding

the curves relative to each other to best exhibit the comparison.
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Set Mo, 1 - ZTun 510

T, = 298.26°%
Py = 50 piig

-? 2
o, = 1.0747x 107" g/ow”

- ﬂ‘.g
22.536 % 10 7 poises

<
[
L

a. = 0,3216 mm/y&aec

v = 1,598 min/Maeec
8

A‘l = 11,0543 mim

aV /44, = 1.1897/psec
w 1

d&“’i“zf‘iy = $3.1916 mv

I = 328,34 [ amps

a {R_=1.1271
w )

VG = , 2705 mv

3{@ = 3‘0 161
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I (CONTD.)

wvsﬁx - %) E -y, Ei}}:z ‘ﬁ"%faéx - xa.:ﬁﬁ E y@ ,fmf%:‘z
& N 1 d;?ja!éiﬁ' %_A.l ciz%fzif?é’k'
- 0 0 4, 645 1.388 . 8211
- 0 0 4,875 1.557 . 7640
- 0 0 5.112 1.746 . 8259
0 0 0295 5,338 1.933 . 7965
L 226 L0016 L0317 5.572 2,119 . 5996
. 460 0042 . 0493 5. 806 2.338 L9108
. 692 L0251 111 6,033 2,529 . 7895
919 0517 104 6. 266 2. 7085 L7789
1.161 G720 D80S 6. 495 2. 888 L8013
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1,850 1232 1120 7.195 3. 550 . 8354
2,082 1634 2510 7. 418 3.723 . 8364
2,322 2333 2670 7. 648 3.935 . 89022
2. 549 2850 . 2310 7.882 4,105 1.005
2, 785 . 3481 33440 g.128 4. 391 1.06794
3.013 4379 4193 8. 36 4. 591 . 8281
3, 242 5350 3440 8.60 4. 793 L9276
3. 484 . 6049 3930 8,831 5.014 . 9351
3,713 . 7255 5660 9. 064 5,220 . 7969
3, 944 . 8648 6960 9. 28% 5.447 9794
4,176 1,038 G750 9,523 5, 665 1.800
4,405 1,182 7601 9, 158 5.901 1,060
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TABLE I (CONTD.)

Set HNo., 2 - Run 503

w3
n

299.26° ©

100  Hg

N
fomns
i

2.1422 x m‘”?gm/cm?’

w
Y3
[

M, = 22,6 % 1077 poises

a, = 0.3223 mm/Msec
v_ = 1.76 mm/pMaec
Ai = L5275 mm

ﬂ‘%’gi%]\} = 2.%2@%;’“%&3%‘:

I = 354.1 M amps

n /R, = 1,1371
w1

Vg = 0.02564 mv
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TABLE I (CONTD.)
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. Resulis

The egperiment required development of a probe with
wires sinalley than those employed by Christiansen {(Ref. 2). 4l
pertinent wire equations, however, were taken frow his work, In
going to smaller wires, the instrument became very fragile (the
fine wires were broken or melted during each shock tube firing).

Some preliminary shock structure measurements were made;
the resulting oscillograms arve presented in Figures 4 - 9,

The non-dimensionalized oscillograr readings are shown in
Figures 10 - 15, Navier-Stokes and Liepmann-Narasirmmha-Chahine
data have been plotted along with wire response in two ways: the
oscillogram values have been compared with the integrated N-8

and L-N- data (Figs. 10 - 15); and, the differentiated response
curves have been compared with N-5 and L-M-C through the
normalized Stalder theory (Figs. 16, 17).

Three runs were made at M, = 5 and three at M= 7.5
using different initial pressures (both Mach numbers ave + 6% per
cent). Initial pressures were changed by muliiples of two to best
exhibit thickness dependence upon mean free path. Apparent

thicknesses were roughly as follows:

8
py = 25 uiHg o 20. 2 mm
50 wig 10.4 mm 13 mm
100 uHg 4.9 mm 7.3 mm
200 g 3.1 mm -
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In presenting the differentiated curves, the results of all
three shots for both Mach numbers were superimposed after
non-dimensionalization and normalization (Figs. 16, 17). These
figures show that the curves superimpose quite well and tend to
define a shock structure. The numerical differentiation gives
gcaiter where the curve changes its slope from zero to a finite
value and from a finite value to zero. Some electrical noise was
chserved which caused scatter in the diiferentiated curve (sece
especially Fig. 4).

Ionization effects are clearly seen in Figure 18. The primary

ionization effect is in reglon (5) behind the veflscting shock wave.



III. CONCLUSIONS

An attempt has been made to measure shock wave
structure in terms of heat transfer rate to 2 fine cold wire over
which the wave passes. Christiansen (Ref. 2) points out that
sufficient wire sensitivity is very difficult to obtain. This experi-
ment ernployed several wires in series in an attempt to overcome
sensitivity difficulties. The difference between N-5 and the L-N-C
theories at i‘éﬂ = 5 is shown in Figure 10. The small difference
between the two clearly indicates the need for increased sensitivity.
Ag is evident from Figure 4, a further improvement in signal-noise
ratio is necessary. Further increasing the wire length can provide
signal improvement to any degree desired.
| The systematic discrepancy between measured and theoretical
heat-transfer profiles (Fig. 10 and Fig. 16) indicates that a possible
cold wire problem may exist. The measured data give a larger
apparent shock thickness than theory. One explanation for the
discrepancy may be that more of a strain gauge effect exists than was
estimated {cf. p. 37). Another poseibility might be the effect
proposed by Clarke (Ref. 15) that a lag is introduced by a surface
energy-accommodation effect. Some ionization in region (2) may
also produce a false apparent thickening of the shock. These effects
must be investigated and the region (2) reference must be established
beyond a doubt by some calibration procedure before a shock profile

can be absolutely established,
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DIECUSSION OF VERY FINE WIRES

One of the main alms of this experiment was to investigate
the feasibility of using very fine cold wires for tirmmes shovt enough
to study shock structure. .00001" diameter (1/100 mil) and
. D0005" diarmeter (1/20 mil) platinam -rhodiurn wires were used.
Some of the characteristics of cold wires, described in detail by
Christiansen (Ref. 2), are summarized below.

& body in a flowing gas is characterized by a “recovery’
temperature. This is the temperature that an unheated wire would
reach if it were allowed to come to thermal equilibrium with the
flow. A common hot wire is one which operates at a higher
temperature than the recovery value and, therefore, loses heat to
the flow. A cold wire works in the opposite manner, having lowes
initial ternperature than the recovery temperature. It therefore
gains heat from the flow. Very high recovery temperatures are
characteristic of the flow behind strong shock waves, This, in
conjunction with relatively low wire melting temperature, precludes

the use of hot wires as opposed to cold wires.

a. Thermal Response

Christiansen (Ref., Z) provides an experimental curve of

A

+1 Vevsus

¢
4Pk (Tw-T,)
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For (T - Tl) to be no more than 1°C, currents of only about

20 p-amps for 1/100 mil wires can be vsed for initial pressures
from 20 - 500 W Hg. Simple calculations show, however, that it
is necessary to increase the current to about 70 M amps to allow
a 1/100 mil wire of about 1/16" length to operate above the noise
level of the electronic system used. (Effective input noise level
wasg about 30 Mvolts.) Currvents of up to 350 amps are used for
1/20 mil wires.

b. Characteristic Times

The time for a wire to reach equilibrium temperature when
a change in its environment occurs, i.e., the lag time constant, is

of the order {Ref. 2),

o
T~ d Sy Cw
4 NuKk

{18)

For a 1/100 mil wire at 100 \\Hg pressure, this "lag" is of the
order of a millisecond. It is, of course, longer for 1/20 mil wires.

Anothey characterisiic time must also be taken into account.
The time required oy a temperature applied to the surface to

penetrate to the wire's center is proportional to (Ref, 2)

Lo 98wty
Kuwr

For a 1/100 mil wire, this tirmne is of the order of . 00046 Msec
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and is approximately .01 psec for a 1/20 mil wire. One assumes,
therefore, that the temperature of the wires in this experiment are

uniform across the cross-section at all times.

c. Miscellaneous Experiments

In the Stalder equation (Eq. (10)), the guantity waTL is

needed. Equation (1) shows the relation between TW/’ZST , E‘éwl&

1 1’
and ay Kw and Rl are measured directly and ”s?wi'i‘l is obtained
once a; is known. A simple oven experiment was conducted to

determine a,- Wires were placed in an oven and wire resistance

for various temperatures was measured, with the following

results (see Fig. 19}

Diameter Ne. of Wires Mean Ql
.00001" 5 .00157 /%
. 00005 15 . 001586 /%

At low pressures {50 ~ 100 mHgh 1/100 mil wires burn
out at currents in the neighborhood of 140 \wamps. 1/20 mil
wires withstand as much as 700 Mamps. At atmospheric pressure,
17100 mil wirves withstand 3 milliarops and 1/20 mil withstand
10 milliamps.

V/ire resistance versus pressure for values of constant
current are shown in Figure 20, showing the effect of moleculay
density on heat transfer.

A phenomenon was observed when current versus resistance

wag measured at low pressure. The behavior of the 1/100 mil
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wires is linear to a value of current near 70 W arnps {Fig. 21}.
Near this current, the resistance increases appreciably for a
srnall current increase. If was found that a permanent hysteresis
effect occurred, producing approximately a 60 ner cent increase in
zero current resistance. This effect, once it is allowed to run its
course in changing resistance, produces a stable wire state where
no further hystereeis effect occurs {(Fig. 22). This effect is referred
to as "annealing’.

It seemed that with this effect one might increase the
resistance of the wire and so improve output, but it was found
that in this process ay had been halved, to . 0007850/ go the
gain was more than offset. Shock tube preliminary runs showed
that, at a certain point in the response of a 1/100 mil wire to a
shock, the rate of increase of voltage of an "un~annealed wire
suffered a sudden decrease of slope at some point (Fig. 23). This
reduction is consistent with the phenomena observed as it indicates
a drop in Gy The best explanation for this oddity seems to be that
remnants of silver coating remain on the etched Wollaston wire and,
when the wire is heated at low pressure, these particles are adsorbed
into the wire. This causes a resistance increase due to diameter
reduction and a resistivity coefficient drop due to silver interspersion
within the crystal lattice. At room pressure oxidation apparently
occurs at high wire temperatures, disallowing the "annealing' effect.

Further work in this area has not been pursued.
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4. Use of 1/ 100 and 1/20 »il Vires in Shock Measurements

In preliminary shock tube runs, low initial pressure shots
provided responses from the 1/100 mil wire which appeared reason-
able. Three criteria were established for responses to be con-
gidered acceptable: First, one should be able to show that the
response of the wire for the times involved should be linear in the
uniforin flow in region (2); second, one should be able to demonstrate
that shock thickness is directly proportional to mean free path;
third, one should demonstrate that no appreciable shock structure
is present at high initial pressures, i.e., one should observe a
rarnp function on sweep speeds of the order I Msec/em, The 1/100
mil wire failed all three tests. (cf, Fig. 24.)

Basic calculations reveal that strain, due to dynamic
preasure, produces a voliage response similar to that of a strain
gauge. MMore than 10 per cent of the resistance change for a 1/100
mil wire at 100 (ig pressure and M = 5 is due to strain. For a
1/20 mil wire in the same situation, the effect is less than I per cent.

In the normal process of hot and cold wire work, wires of
large diameters are heated at atmospheric pressure to glowing before
usage. A zero curreut resistance change of 2 -~ 4 per cent is
experienced. This is done to burn off Lmpurities. This practice
was attempted on 1/100 mil wires but proved difficult because of a
need for extremely sensitive current changes during the process.

1/20 mil wires are glowed at about 9.8 milliamps successfully.

1/20 mil wires met the three established critevia and,
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because it is possible to easily glow the wires in atmospheric
conditions, it wae decided to use this wire exclusively rather
than attempt strain compensation for the 1/100 mil wire.

The 1/20 mil six-wire probe attained approximately
the same sensitivity as the single 1/100 mil probe by maintaining
approximately the same £ /d ratio and the same Rwi product {note
that 1/20 mil "un-annealed' wires have nearly double the o, of

Yannealed' 1/100 mil wires).



FINE WIRE MOUNTING

A sirople method of fine wire mounting was eroployed.
Approximately 1/16" of the ip of the silver coated YV ollaston wire
was dipped into paste solder flux (any grease will suffice)., The
wires were then etched in a nitvic acid solution; the function of the
grease coalt was to keep the end of the wire from etching, in order
to provide a weight which kept the wire stretched vertically, made
it casy to keep track of, and prevented air currents frowm blowing
it around. The bare wire was then dipped into ether to clean it.
Cnce cleaned, the wire was soldered to one 0f the dowels which

had been tianed. The probe was votated until the fine wire contacted
the second dowel and was scldered into place. Wires as small as

1/200 mil have been mounted in this manner.
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Incident Ionization

Shoclk Uniform Reflected

Region Shock
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Upper: 1 mv/cm, 5Hsec/cm

Lower: 5 mv/cm, St/usec/cm

p, = 100 pHg M =7.5

5

Fig. 3. Long Time Scale Shock Tube Run
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Upper: .5 mv/ecm, 1 PLsec/cm

Lower: Top Delayed 5 Msec

Upper: ! mv/cm, 1 usec/em

Lower: Top Delayed 5 psec

p, = 50 pHg M = 5
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Fig. 4. Cold Wire Oscillogram
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Upper: .5 mv/cm, .SrLseC/cm

Lower: Top Delayed 5 sec

i
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-

}
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|

Upper: 1l mv/cm, 1 Msec/cm
Lower: Top Delayed 5 prsec

p, = 100 pig M & 5

Fig. 5., Cold Wire Oscillogram
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ERRNY gl
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Upper: 1 mv/cm, .5 phsec/cm

Lower: Top Delayed 5 Msec

Upper: 1 mv/em, l'uksec/cm

Lower: Top Delayed 5 psec

py = 200 pWHg M = 5

Fig. 6. Cold Wire Oscillogram
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Upper: .5mv/cm, 1 psec/cm

Lower: Top Delayed 5 pusec

Upper: 1 mv/cm, 1 pusec/cm

Lower: Top Delayed 5 Hsec

py = 25 pHg M_%7.5

Fig. 7. Cold Wire Oscillogram
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Upper: 1 mv/cm, 1 psec/cm

Lower: Top Delayed 5 Wsec

ignore

Upper: 2 mv/cm, 1 j\isec/cm

Lower: Top Delayed 5 Msec

l=50}AHg M _=17.5

S

Fig, 8. Cold Wire Oscillogram
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Upper: 1 mv/cm, .5 pmsec/cm

Lower: Top Delayed 5 j sec

+
+
+

Upper: ! mv/cm, lluLsec/crn
- Lower: Top Delayed 5 psec

p; = 100 rHg M_=17.5

Fig. 9. Cold Wire Oscillogram
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= 50uHg
[O0puHg
200puHg

0 1.0 2.0 3.0 4.0 5.0 60 7.0

(7 Ve /a0) (xxo)

Fig. 16. Ms'
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—  m|e >
Uniform Ionization
Incident Reflected
Shock Shock

Upper: 5 mv/cm, 5 }Asec/cm
Lower:.5 mv/cm, 1 l\/tsec/cm
Reflected Shock Hits Wire Approx.

20 Msec After Incident Shock

Fig. 18. Ionization Effect
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RATIO OF ABSOLUTE TEMPERATURES, T,/T,

Fig. 19. a; Determination
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Incident ""Annealing"
Shock

Upper: 10 mv/cm, 2 Hsec/cm

Lower: 10 mv/cm, 2 Msec/cm

Lower Trace Is Coated Filament Response (Ref.

Fig. 23. "Annealing" Effect During Run
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‘Upper: .5mv/cm, 1 M sec/cm (Wire 1)

Lower: 2mv/cm, 1 Hsec/cm (Wire 2)

(At this pressure, shock structure duration

should be approximately -?1: M sec. )

Fig. 24. Strain Effect



