UNCLASSIFIED

AD NUMBER
AD042355
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 26 MAY 1951.
O her requests shall be referred to Naval
Ordnance Laboratory, White Oak, MD. Pre-dates

formal DoD distribution statenents. Treat as
DoD only.

AUTHORITY

31 May 1963, DoDD 5200.10; NOL Itr dtd 29 Aug
1974

THISPAGE ISUNCLASSIFIED



http://www.abbottaerospace.com/technical-library

UNCLASSIFIED

AD e

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, YIRGINIA

DOVINGRADED AT 3 YEAR INTERVALS:
DECLASSIFIED AFTER 12 YEARS
DOD DIR 52C0.10

UNCLASSIFIED



http://www.abbottaerospace.com/technical-library

I
!

g

Pl

PR e AR LT WAL o Tie ¢ b

. A v L

P e
&

4' lhu

AR
}r
«)

*S-»

' Services Technical Information flzenc

Becauns of our limited ‘supply, you are requested to return this copy WHEN IT HAS SERVED
WOUR PiUR. 2ISE so that it may be made available to other requesters. Your cooperation
wiil e sppreciated,

NOTICE, WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
AWE TET0 7CR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINVTELY RELATED
COVIEENVEWT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NQ BESFOIUIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT TEAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAIZ DRAWINGS, SPECIFICATIONS, OR CTHER DATA IS NOT TO BE REGARDED BY

PLIC ATION OF OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY CTHER
PERSCHN OF CCORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR %El... ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

e e

=,

i

——— D $ - - - "

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIC

- s wd s, W -

é‘mﬂ ,ﬂ‘j —

2



http://www.abbottaerospace.com/technical-library

AD No.42355
A FILE COPY

AD

S, NAVORD REPORT 1818

AN EXPERIMENTAL STUDY OF THE FEASIBILITY OF KEEASURING
THE SURFACE TEWPERATURE OF A PROJECTILE IN FLIGHT

BY MEANS OF ITS TEERMAL RADIATION

28 May 1951

5. NAVAL ORDNANCE LABORATORY

WEITE CAK, MARYLAND

59AA 57435 -)

1n': P v [
‘t\lHV~‘U-‘1‘ (’“‘_


http://www.abbottaerospace.com/technical-library

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE
NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING
OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.
THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.


http://www.abbottaerospace.com/technical-library

Uv.-— P bl

¥.5uRD Report 1818

AN EXPERINENRTAL 3TUDY OF THE FEASIBILITY OF MEASURING
- THE SURFACR TENPERATURE OF A PROJECTILE IN FLIGET
BY MEANS OF ITS THERMAL RADIATION

Prepared hy:
L. G. Mundie and P. W. Shadle

ABSTRACT: A series of preliminary measuremeonts are described
which are designed to determine the feasibility of mearsuring
the surfacece temperature of a 30-calibsr projectile 1in flight
by means of its thermal radiation. The images of a& serlaes of
the projectiles are alliowed to cross the sensitive asurface of a
lead sulfide photoconductive cell, the resulting signals being
observed with an oscilloscope. The measured pulse heights are
plotted against the corresponding temperatures of the blackened

surface which forms the background for the projectiles, in the
form of a "working curve”. The temperature of succeeding pro-
Jectiles may be determined, in principie at least, with the aid
of this curve together with a measurement of the signal produced
by them upon crossing a background of known tempsrature. Three
working curves of this type ars presented, obtained under

ghtly different experimental conditions. With the detector

used vese curves seem tc indicate that the method cannot be
used 1n the case of projectiles with temperatures below 150 oc;
sbove this temperature the data so fer obtained indicate a
probable error of about 310°C in the measurement, provided no
systema’ic error of an unknown nature exists in the method. It
is hoped that improvements in the measuring technique will incresase
this accuracy, at least at higher temperstures.

U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYLAND
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This report describes a preiiminary experimental study designed
to determine the feasibility of measuring the surface temper-
aturs of a prejectile in flight by means of its thermal radiation.
The work was performed undsr task NOL-Re9a-108-1. The suthors
wish to express théir appreciation to Mr. V. Halbmillion who
suggested the problem and participated in many helpful discussions
regarding the problem. They are also grateful to Dr. W. W. Scanlon
for suggesting the method of measuring temperature used in this
study. The study of the various blackening techuiques vas carried
out under his supervision. While ths reszults reported are of a
preliminary nature, it is felt that they may bs used as a basis
for a later, more detalled study of the problem.

W. G. SCHINDLER
Resr Admiral, USN
Commande:-

Clie L)l

LESLIE W. BALL
By direction
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AN EXPERIMENTAL STUDY OF THE FEASIBILITY OF MEASURING
THE SURFACE TEMPERATURE OF A PROJECTILE IN FLIGHT
BY MEANE OF ITS THERMAL RADIATION ¥

INTRODUCTION

1. The temperature of the gurfece of a projectlile in flight
has long been a tople of considerebl: conJecture. No satis-
factory method hes been devlised to dete, however, for the
measnrcment of this quantity, except possibly in the case of
projJectilce =sufficiently large to carry messuring equipment.
The development of the photoconductive cell, which combines a
high scnsitlvity with an extrcmely short time constant, has
intreduced the possibllity of utilizing the thermal radiation
from the projectile to determine its temrneresture. Reference
(a) deseribes o few preliminery experiments performed at the
NOL, designed to determine the accuracy with vhich a PbS cell
can measure the surface temperature of both stationary and
rapidly moving objects by means of their thermal radiation.
The present memorandum will describe a series of experiments
performed with essentially the same equipment, designed to
detemine the surface temperaturc of a 30-caliber projectile
in flight.

PRINCIPLE OF THE EXPERIMENT

2. Onc of the fundamental assumptions, on which the present
measurements are based, 1s that the response of a lead sulfilde
detector to the thermal radlation from 2 heated object of
emissivity different from zero will increase in a monotonic
fashion as the temperature of the source 1s raised. Since the
response of a detector of this type is very nonuniform with
wavelength, the total response will not at all opey the fourth-
pover radilation law. That the response 1s a monotonic function
of the source temperature is, however, to be expected. (sec,
for examvle, reference (a)).

3. The experlmental rrocedure followed during the present
measurements is to observe on an oscilloscope the signal gene-
rated by the lead sulfide detector when the image of the projec-
tile to be studied crosses it~ sensitive area, momentarily
replacing the image of a heatable background. A schematic
diagrem of the optical arrangement is shown in Figure 1. Here
1t may be seen that the projectile is fired past & hesatable
background surface so arranged that as 1t passes a certain
portion of 1its flight i1t 1s momentarily imaged on the lead
sulfide cell by a concave nlirror. Prior to and immedlately
following this instant, the heated surface is itself 1maged on
the detector. The latter image 1s actually somewhat diffuse, as
the heated surface is somewhat farther from the mirror than the
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projectile; since it constitutes a uniform, extended source,
however, this diffuseness has no effect on the signal strength.

Further details regarding the experimental arrengement wili be
given later. i

4. Let us assume for the moment that the surfaces of the
projectile and of the background have equal emlissivities, and
that all surrounding obJjects arc at room temperature. TUtilizing
the assumption of paragraph 2, we should expect a "positive” or
"negative' pulce on the oscilloscope screen depending on whether
the temperature of the projectile is higher or lower than that
of the background. Xf the temperature of the background can be
made exactly equal to that of the proJjectile, 2 flat trace
(pulse of zero height) should result. In this way the usual
advantages of a null method can he secured.

5. In practice, of course, this ideal case generally cannot be .
realized, since the exact temperature of the projJectile under
study cannot be predlicted beforehand. Suppose, however, that

a series of "calibration" projectiles are fired under identical
conditions, and that these projectliles all possess the same
tengerature as they pass the measuring station. If the back-
ground temper*ature at the beginning of the series, is, say, room
temperature, and 1is raised slightly between the filring of each
succesnlive member of thls series. the signal produced will vary
in a continuous manner. Plotting the heights of the pulses
obtalned as a fuactlon of the corresponding background tempera-
tures yilelds a smooth curve which we will refer teo as a "working
curve". PFigure 2 (2) presents qualitatively the general appear-
ance of a typical working curve of this type. In this figure
typlcal signel pulses are indicated by arrovs. t 1s seen that
the "sign" of the pulses changes from positive to negative as
the background temperature is ralsed from vzlues below that of
the projectlles to values a2bove the proJectile temperature.

6. In order to bring out the uscfulness of a working curvc of
this type for the determination of the temperature of subsequent
proJectiles, let us consider a convenlent property to be expecte:
of the slpgnal pulses obtained in this experiment. One would
expect the rulse obtained when a projectile of temperature t
crosses a background of temperature t, to be of equal magnitide
but of opposite slgn from that obtained when & projectile of
temperature %t. crosses a background of temperature t,. This wil
only be triuaec when the emlssivitles of projectile and background
are equal. and when no other cxperimental parcmeter 1ls changed
between mecasurements.

7. Utllizing this property of the signal pulscs we may replot
the vorking curve in the manner chown in Figure 2(b) vhere the
shape of the curve is unchenged from 2(a), but the directions

2
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of the pulse "arrows” have been reversed, and the wvords "back-
ground" and "projectile" have heen interchanged. Plotted in this
vay it is seen at once that a quite new significance may be
attached to the working curve described above. It may be used
directly, in principle at least, to determine the temperature of
a subsequent projectile; one has only to measure the signal pulse
of the latter agalinst a background possessing the temperature for
vhich the pulse height was zero with the calibrating projectiless.
The temperature of the projectile in question can then be read
directly from the graph shown in Figure 2(b). If, finally,

the overall system responds linear'y to the incident radiation

- (no "overloading”), Figure 2(b) can be still further modified

so as to make it useful for background temperatures other thsn
that specified above. This modificstion 1s indicated in Figure
2(c), vhere the pulse heights to be expected upon selecting a
different background temperature are indicated. From a curve

of this type the temperature of a subsequent projJectils can te
determined directly for any background temperature. The remainder
of this report will be devoted mainly to a description of the
experimenrtal determination of vorking curves of this type.

EXPERIMENTAL DETAILS

8. The measurements wvere performed in the Aerodynamics Range at
NOL. The detecting equipment was placed about fifteen feet

from the muzzle of the gun. A photograph of the assembled equip-
ment is prasented in Figure 3. In Figure 4 the optical arrange-
ment is shown in greater detail.

9. A standerd 30-caliber rifle was used to fire the proJectiles,
the speed of which was approximately 2700 fect per second. The
rifle was mounted by its barrel in tvo tight-fitting solid steel
cylinders. These cylinders rest in a heavy steel V-shaped support.
The muzzle of the gun enters a multiple baffle chamber vhitch
serves to trap many of the smoke particles emerging from the
muzzle and to reduce greatly the accompanying sound. This
arrangement may be seen at the left in Pigure 3.

10. The mirror used for imsging the projectile on the detector
is sphericsl, front-aluminized, with a radius of curvature of

12 inches, and a diameter of 11 inches. It may be notlced in
the photographs of Pigures 3 and & that the center portion of
the mirror has besn removed; this removal was performed during
a previous experiment, the opening having no effect in the
present measurements except to reduce the signal slightly. The
mirror was mounted in a double gimbal zo as to permit thumbscrew
adjustment sbout both vertical and horizontal saxes. The distances
of detector and projectile from the center of the mirror during
measurement vere approximately 10 and 14 inches, respectively.

A somevhat diminished image of the projectile thus crosses the
detactor during the measurement.

S
CONFIDERTIAL


http://www.abbottaerospace.com/technical-library

CONFIDENTIAL
RAVORD Report 1818

11. A PbS cell of the evaporated type manufactured by Photo-
switch, Inec., was used na a detector. Its time constant, as

measured in the manner described in reference (b), was about 3
miceroseconds. In common with most detectors of this type, its
spectral sensitivity was peaked at about 2 microns, and it vas
insensitive to radistion of wavelength greater than about 3.3
microns. The sensitive area was 0.36 pm wide and 6.4 mm long.

12. The cell could be mounted so that the length of the sensitive
area was either parallel to or perpendicular to the path of the
projectile. In Plgure 5 is presented a schematic diagram, dravn
to scale, of ths arrangement in the latter cas2. Here the lmage
of ths projJectlle 1s seen crossing the sensitive area of the
PbS detector. The strength of radiation signal recelived by

the detector at any instant is proportional to the aresa covered
by the image of the prcjectile, assuming the sensitivity of the
cell to be uniform across 1ts surface. In the present case a
constant area of the cell is fllled after the tapered front
portion of the proJjectile has crossed the cell, assuming that
all the projectiles traverse the same line of flight and that
their axss remaln parallel to the line of flight. Scattering,
yawing, or precesasing of the projectiles durinz flight would
introduce errors, but at the close renges used in the present
experiment these effects are rather small. This was checked
occaslionally during the measurements by mounting a plece of
paper in the path of the proJectlle at & point adJacent to the
measuring equipment and examining the holes formed by the pro-
Jectile. In subsequent measurements at greater ranges, where
dispersion of the projectiles may becoge a problem, 1t may be
desirable to use an optical arrangement in which the length of
the electrodes i= considerably larger than the image of the
diameter of the projectiles. With this arrsngement the sensi-
tivity of the method will be decreased {since cnly a portion of
the sensitive area of the detector will be utilized), but a con-
siderably greater amount of scatter of projJectiles will be
tolerable.

13. The flat surface of an ordinary electric "hot plate" was
used as a background surface for the first serles of measure-
ments. A thermocouple was soldered to the surface im order to
measure the surfece temperature. During later measurements the
"background" was constructed in a special manner in an effort to
reduce the effect of raflection from the front surface of the
projectile. For thils purpose the projectile was fired along the
axis of a cylindrical furnace provided with an opening in the
front wall to permit the radlation emitted by the proJectile to
reach the mirror. This furnace may be seen in Figures 3 and &4.
A thermocouple was agaln used to measure the temperature of the
background surface, which in this case wes the inside surface of
the back wall of the cylinder.

4
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13, As indicated earlier, one of the basic assumptions of the
messurement is that the spectral emissivity of the projectile 1is
equal to that of the background. It is also desirable to have
both of theso emissivities as high as possible. To this end, the
projectile and the background were both ecoated with the same
blackening material. Considerable sxperimentation was performed
in an effort to find a coating which would vithstand the mechan-
ical and thermal shocks essociated with firing. The latter
characteristic vas tested by examining coated projectiles after
test-firing into 8 tank of water from which tuey could be
recovered easily. Chemically deposited blacks of platinum,
arsenic, and antimony vere tried but wvere gererally found not

to withstand tha rigors of firing satisfactorily. A coating of
camercial India ink, however, stood the test rather wsell. The
emissivities in the PbS spectral region of several sample coat-
ings of this material vere then measured for source temperatures
ranging from 50°C to 10 « The measured values ranged from 0.806
to 0.95. This material thus appeared to rresent a satisfactory
combinatiocn of characteristics; consequently the surfaces of both
the projectiles and the background were coated with it during
the measurements described in thia repert.

15. The elsctrical signel from the PbS detector was first fed
into a preamplifier having a gain of 20 db and a band pess extend-
ing from 800 cps to 1 me. 'This preamplifier vas designed and con-
structed at the Naval Ordnance lLaboratory. The preamplifier was
followed »y = Hevwlett-Paclard Modal A50-A amplifier with a gain
of 40 db and & band pass extending fros 10 cps to 1 mc. The out-
put of this amplifier was fed into a Fektronix Oscilloscope,

Model 511-A. These units are identified in Figure 3. A hori-
zontal sweep speed of 0.1 cm per microsecond was used on the
oscilloscope. The signal pulse on the oscilloscope screén vas
photographed with a Bolsey 35 mm camera, using a speed of

£/2.9 snd Iinagraph Ortho film, "

16. In order to obtain reliable synchronization of the oscillo-
scope sweep with the projectile, a narrov strip of tinfolil wvas
mounted in the path of the latter a short distance in front of
the furnace. (The tinfoil may be seen in Figures 3 and &.)
This strip wvas connected in the trigger circuit in such a vay
that vhen the projectile broke the strip, the opening of the
circult initiated the swveep. SR

RESULTS

17. Three series of measurements vere mads, each designed to
obtain a "vorking curve" of the type deacribed above, but each_
made with a slightly different experimental arrangemeat. In sil
cases stanacrd projectiles from the 30-caliber rifle vere used,
In series {a), the hot-plate vas used as a background, and the
slectrodes of the FbS detector were aligned p?r?ondicular to tho
1ine of flight of the projectile. In series b) the cylindricgl
furnace was used to form a backgiound, the electrodes remaining

5
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perpendicular tc the line of flight. In Series (c), the furnace
was agaln used as a backgrqund, but the electrodes of the
detector were parallel to the line of flight. With the electrodes
perpendicular to the line of flight one would expect to obtain

a more distinct separation of the signals from the front and

rear portions of the proJectile.

18. Pigure 6 presents a typical series of signal pulses obtalned,
corresponding to a serles of background temperatures. These
particular traces were obtained in the (b) series referred ‘o
abcve.  The time of transit of any point of the projectlile across
the detector in this case 1s about. 0.5 microseconds. Since this
i1s considerably less than the time constant of the PbS cell (3
microseconds), one cannot expect to obtain very detalled informa-
tion with respect to the rate of varlation of temperature across
the surface of the projectile. (Qn the ot.uer hand the time of
‘transit of the entire projectile’ across the detector 1is about

40 microseconds; this is sufflciently long that one would expect
to obtein some structure of this type. It may be seen, for
example, that the pulses generally consist of two distinct com-
ponents each of which chenges progressively as the background
temperature changes. Using the gridwork on the face of the
oscllloscope as a "landmark’, 1t 1s p ssible to associlate the
various portions of the trace with the corresponding portions of
the proJjectile; 1t 1is possible, for example, to ldentify one of
these components even in the absence of the other. A small amount
of random lateral displacement may be observed in passing {rom

one trace to the next. This is prcbably due to imperfections in
the triggering arrangement. With & room-temperature background &
positive pulse 1s obteined from the rear portion of the projectile,
but no signal is obtalned from the front portion. As the back-
ground temperature 1s raised sbove 150°C a negative pulse 1s
obteined from the front portion of the projectile, that from the
rear portilon remalning positive untlil a btackground temperature of
about 240°C 1s obtained. Thereafter both pulses become negative
and somewhat unresolved, the second pulse appezring merely as 8
point of inflection on the combined trace. In Figure 7 are plotted
the working curves obtained in series (s), (b) and (¢) from traces
similar to those shown in Figure 6. In obtalining these curves the
peak values of the traces were used where a clear peak exlsted.

In some cases the rear portion of the projectile gave only
inflection to the trace. The polnt at which this inflection
occurred vas then estimated and used in the working curve.

DISCUSSION

19. It 1s seen from Figures & and 7 that the rear portions of
the projectiles appear to possess a higher temperature than the
front porticns. This 1s not surprising, since 1f one examines s
projectile that has been fired in th: manner used during these

6
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measurements, one finds that a thin surface layer has been scraped
avay from the rear portion by the rifling of the barrel. One
would expect a rather intense local heating to be assoclated with
this so-called "engraving" of the rear portions of the projectiles.
Since the station at which these measurements were made was only
15 feet from the muzzle of the gun, very little of this heat would
have time to flow iInto the interlor of the projectile. The rear
portions gilve rise to positive signals until the background
temperature has been railsed to 24%0°C. Since these portions, being
freshly engraved, would be expected to have a rather low emissivity
we must conclude that their actual temperatures are considerably
in excess of this figure. Since the emissivities of the engraved
portions of successive projectiles might be expected to fluctuate
rather widely, it is not surprising to find a large "scatter" of
the corresponding experimental points as seen 1In Figure 7. These
points are, however, only of passing Interest at present.

20. The experimental polnts corresponding to the front portions
of the proJectiles seem to define a falrly reliable working curve
in series {a) and (b). 1In series (c) the scatter is rather great;
thls may be due to the considerable overlappling of the signals
from the front and rear portions inherently associated with the
orientation of the detector used in thils series (electrodes
parallel to line of flight). As mentioned above, no =signal is
"obtalned from the froat pogtions of the projectlles for bvackground
temperatures less than 150°C, above which temperature negative
pulses are obtained. We may then conclude, following the reason-
ing outlined in paragraph 4, that the corresponding surface
temperature is less than 150°C. No further conclusions can be
dravn regarding these temperatures. This then, 1s at once seen
to be one of the limitations of this method of measurement --
surface temperatures below 150°C cannot be measured in this manner
with the detectors presently avallable. This result is in
agreement with the result of & prelliminary experiment designed

to test the feasibllity of the method and reported in reference
(a). In this experiment the projectile was simulated by a solid
wire (at room temperature) attached to the periphery of & whrel.
The wheel was rotated at such a speed that the time of transit
past a heated background was approximately the same as that of the
projectlle in the present experiments. Here, too, tBe signal
pulse obtalned for background temperatures below 150°C was con-
sidered unusable. Above this temperature, however, the accuracy
of thils method rapidly increased (see Fig. 7 of reference (a));
this 1s again 1n agreement with the present measurements, since
the experimental points of series (ag and (b) of Figure 7 appear
to establish 2 rather definlite working curve for temperatures in
excess of 150°C. The degree of scatter of these experimental
poings would seem to indicate & probable experimental error of
310°C in this reglon provided there exists no systematic error
cf’ an unknown nature.

i
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21. Having established that the blackened front portions of the
projectilea usegd here produce no sigaal for background tempera-
tures belov 150 C, it is interesting that one would expect na.
change in the appeerance of the working curve of projectiles of
this temperature upon omitting the black coatimg or even upon
polishing the projectiles, provfded all surrounding objects are
at room temperature. This latter conditiorn vas approximately ful-
filled during series (a), vhen the hot plate was used as a back-
ground. A fev traces were observed during this series with
polished projectiles, the hot plate being left black, The corres-
poinding points indeed fell directly on the working curve chown {n
Pigure 7, vithin experimental error. During seriez (b), vhen

the cylindrical furnace constituted the background, the above-
mentioned conditicn vas obviously mot fulfilled, sinse there
oexists the posslbility of reflection from the surface of ths pro-
Jectlile of radiation emanating from regions of the furnace horder-
ing the "vindow" aperture. One would expect a reduction in signal
due to this effect. A fow polished projectiles were fired during
this serles %o check this point. The signals obtained in this
case did fall somewhat below those shown in Figure 7, as vas
expected. :

22. Bearing in mind the results of the preceding paragreph, 1t

is perhaps worthwvhile to comment hexre on the relative merits of

the cylindrical furnace and the plane hot plate for use as back-
grovnds. If the emisgivities:of background and projectile can

be made aceurately equal, anﬂ%if all surrounding objoets are at
room temperature, the plane h4t plate i1is preferable, aince only
"in this cass does the interch ing of projectile and dbackground
temperatures result in the reversal of the sign of the pulses vwith
no change 1.0 be expected in amplitude. If, however, the emissivi-
tiea cannot be made equal, the furnace type of dackgrocund is to

be preferred, since in this case one would expect the "cross-over"
point (corresponding to pulses of zero height) to occur more nearly
at the point vhen the temperatures of projectile and background are
most nearly equal - the errors due to reflection of room tempera-
ture radiation. tfrom the surface of the projectile being minimized.

23. If, now, projectiles vera,available vhich pcesessed surface
temperatures in excess of 150°C, one of the working curves of
Figure 7 could be used to determins their temperatures folloving
the method outlined in parsgraph 7. It should perhaps again de
emphasized, hovever, that the use of a working curve in this wvay
is only valid for sudsequent measurements in wvhich no pertinent
experimental parameter has been changed since the working curve
vas ohbtained. This meetse; to be more specific, that such things
as the emissivity of tha projectile surface, the projectile
velocity, the optical arreangement, and the characteristies of the
detecting system must be held rigidly fixed.

8
CONFIDENTY


http://www.abbottaerospace.com/technical-library

CONFIDENTIAL
NAVORD Report 1818

24. It msy be stated, in ccneclusion, that the present equipment
appgars capehle of measuring projectile temneratures in excess of
150°C and eventusally of determining the temperature rise of a
proJectile during flight. Tgls would require (a) an initisl
temperature in excess of 150 C and (b) a dupli@ation of the
measuring equipment, the temperature belng me red et each of
twvo stations. The possibility of carrying out a program of this
type 1s belng lnvestigated at the present time.

9
CONFIDENTIAL



http://www.abbottaerospace.com/technical-library

CONFIDENTIAL
NAVORD REPORT I818

LINE OF FLIGHT
OF PROJECTILE

QR

HEATABLE
o BACKGROUND

SHIELD
v

DETECTOR

FIG.| DIAGRAM OF OPTICAL ARRANGEMENT

10
CONFIDENTIAL


http://www.abbottaerospace.com/technical-library

—_—

[}

CONFIDENTIAL
NAVORD REPORT 818

PULSE HEIGHT

4

w
x
g g
[+ 4
w |
& | &
& g /
F| TYPICAL = TYPICAL
g e
ot o LSE
s | 2
' 4 ] e o'
o T x
[ ot 3'
| g ®|
\ M
| w °
m" L
" l 5' - :
o
| ' :
{A) BAGKGROUND TEMPERATURE —> (B) PROJECTILE TEMPERATURE—>
wi
x
E]
! 3!
"w.on El
+ 3
wi
0 Fy
FIG. 2 . I
SCHEMATIC REPRESENTION OF |
WORKING CURVES l o\
z
3
¥ Z|
y 3|
P 2 |

(C) PROJECTILE TEMPERATURE —>

(L
CONFIDENTIAL


http://www.abbottaerospace.com/technical-library

1813

CONFIDENTIAL
NAVORD REPORT

¥3141TdNY Jud
H314INdAY

INIWIND3 40 LIN3W3IONVHYY TVIN3WIYIdXI ¢ 'Otd

dIH1S T104-NIL
- :
FOUYNNN4 ONNONONOVE
1

' ¥0103130 Sqd

HOMMIN

3409507171950

37414
436817¥0 - 0¢

12
CONFIDENT!IAL


http://www.abbottaerospace.com/technical-library

INIWLIND3 40 LN3IWIONVHHY TTYLNIWI

- L
N N =t .

43dX3 ¢ 914

L]

e

ot -~J
a =
Ci =
2 =4
ol o
_.._lunm w
Z e B g 1, M
Cw f rt\t“‘ !

e 3711103r0dd 40 i ‘ad

A

-

1HOIN4 40 3NN
di¥lS 7104 - NIL /

30vNuNd
aGNNOHOMIVE

¥0103130 sad

¥3141TdWV 3ud

S
~

HOUYINW ~



http://www.abbottaerospace.com/technical-library

CONFIDENTIAL
NAVORD REPORT 1818

40193130 S ad 40 V3yv JAILISNIS ONISSOHO 3T1193r08d 30 39VNI ONIMOHS WYHOVIC

31931 08d 30
NOIO3H ,GIAVNON3,

¢'9oud

371193r0dd 0
NO193Y8 G3IN3XOV8

:

e T SN\

S e T N

|
w 3SVAI
371193r0¥d
i 50
[
-
NOILON 3C NOLLO3HIQ

NN

e

$300819313 2VAVYNOV
¥01923130 S dd 40 v3YVY 3AILISNIS

3711031 0Y¥d 0 IOVAI

4
CONFIDENTIAL


http://www.abbottaerospace.com/technical-library

CONFIDENTIAL
NAVORD REPORT 18i8

FRONT PORTION REAR PORTION OF
OF PROJECTILE —>| <——— PpROJECTILE

BACKGROUND
TEMPERATURE
30°C
L' 75°¢
™\ us°c
175°¢
o

..\\\I\

an

—
S

—
S~

—————» DIRECTION OF SWEEP
FI1G.6 TYPICAL SERIES OF OSCILLOSCOPE TRACES

15
CONFIDENTIAL


http://www.abbottaerospace.com/technical-library

NAVORD REPORT i8i8

S371103r0¥d ¥381TvD-0€ GYYANVLS HLIM G3NIVLE0C S3AYNO ONINHOM L 14

00 603 COol

(9s) JUNLVHIINIL ONNOHONOVE

¢ 00 002 001 o

00t 002 00l

"371103r0dd 40 NOILLHOd ¥V3¥ ©

371193M08d 40 NOILHOd LNO¥d X

‘371103r0Hd 40 NOILiYOd ¥V3Y ©

371103r0¥d 40 NOILHOd HVY3H ©

M 371193r0dds 40 NOILYOd INCHI X .AI 271L03r0¥4 30 NOILHOd INO¥d X |

AMOITS 40 2417 0L 13 TTVEVS
300419373 ‘ONNOYINIVE SV OISN
FOVNNNS TVOINONITAD - () S3/43S

AH9IT4 40 INIT O ¥V TINIIONIAY3d
$3004.19373 ‘GNNVSINIVE ¥ SV 2351
FOVNENS TWIIHONITAD - (9)531¥3S

AHOIT 40 INIT OL ¥V 11010
-NIdM IS SIA0¥103TT ‘GNNONINIYE
St @35n 3.4v"7d LOH -(0) SINFS

DTN

ol-

——swoan

16

(SLINN AYVHLIBHY) LHOI3H 3STNd
e

ot-


http://www.abbottaerospace.com/technical-library

. A Wt T & =

RAVORD Report 1818

EXTERNAL DISTRIBUTION 7334

National Advisory Committoee for Aeronautizsi
Ames Aeronautical Lsborapory
Hoffett Fleld, California
Attn: Dr. Smith J. DePFrance, Dirse i

Fational Advisory Committee for Aeronaun:ley
Langley Mamorial Aercnauntical Laboraic:y
Langley Field, Virgimla
Atin: Mr., John Stack

Rationsal Advisory Coamzittee for Aeronauiid:i
Levis Flight Propulsiom Laboratory
Cleveland, Ohio
Attn: Nr. Abe Silverstein

Ballistic Researeh labdboratory
Aberdesn Proving Ground
Aberdeen, Maryland
Attn: Mr. A, C., Charters

University ot Texas
Defensse Research Laboratory
Austin, Texas
Attn: Nr, R, BE. Wilson
Via: Devslopment Contract Officer
500 X, 23th Street
Austin, Texas

Bureat of Ordnance (Rele)
Attn: Mr, P. G. Futting

Bureau of Orédmance {iRe9)


http://www.abbottaerospace.com/technical-library

UNCLASSIFIED

UNCLASSIFIED



http://www.abbottaerospace.com/technical-library

	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0027

