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HEATINft EFFECTS AND ENDURANCE PROPERTIES OF THE
3" A.A. GUN M3 AS DETERMINED BY RAPID...™*: TESTS

Project KG 65 - Tests to Determine the Rise of
Temperature of Cannon Due to
Firing and their Rate of Cooling,

Abstract

.After 247 rounds of rapid fire, the £am and recoil mechanism
wag 3till functioning. i'he maxiMim observed temperature of the
was 430 de{?e 0., vjhich was about 110 dee. 'DOlow the maziuum allowable
temperaturo. 'i'ho maximum observed temperature of tho recuperator
oil wag 95 Cc Erosion vrag not exceasivec H-'in^e digparsion did
not increase appreciably during the firings. Comparison of the
boating-effects of pyro and 1TH po\vder were obtained, also, the
effect of. removing a portion of the band. Data were secured from
v/hich the heating effects, and the temperature at various rates of
fire were computed,

PF.OV>7!?7>Y OF U.S. ABMX
Ci'iil.0 vp^JJCE

Introduction B2L, A?C-. im. 21005

•' Rapid fire teste of the 3" A.A. Gun M3 v/ere made with
the object of testing the endurance properties of the gun
and to test the gun to destruction if feasible. As a part
of the test, star gauge measurements and range data v/ere
secured. This information is of value because it would
not be advisable to fire at high temperatures if the
erosion were excessive or if the accuracy decreased
seriously. The determination of the heating effects was
an important part of the test because this information
leads to the establishment of permissible rates ana duration
of fire.



Firings Hade

On March 29, 1935, 1& rounds were fired to establish
the charges and on April '22, 1935> 55 preliminary • rounds
rere fired. The preliminary rounds were fired mainly to
determine the heating effects so thr.t a computation could
be made of the time at which the gun crew should take cover.
As a part of thie phase of the tests, data were seciired on
the heating effects of pyro and FNII pov.-ders and the effect
of removing part of the rotating bands. On May J, 1935> 2il7
rounds were fired as an endurance test. The attached firing
record No. B^6 gives the description of the firings made.

The following table is included showing the projectile,
charges, and velocities;

Date No. 3" Proof Lot Powder Velocity
Rds. Projectile Type Y/elght f/s

Weight Ibs.
1935 Iba.

Apr. 22 15 12,7 7'4-0 Pyro 4-.S^ 2SOO

Apr. 22 15 12.7* 1337A Pyro ^-.12 2SOO

Apr. 22 25 12,7 3^05 NH . 5.00 2SOO

May 7 2^7 15.0 7^0 Pyro if.gl . 2600

Measurement of

'•The points of measurement of gun temperatures vere on
the outside of t.lis barrel. Unless, otherwise stated, the
temperatures in this report refer to temperatures on the
outside of the barrel,,

Thermo-couples were used in obtaining- the temperature.
Two thermo-couples wore welded to tho (run, one at 1.08 ft.
from the muzzle and one st 5»21 ft. from the muzzle. The
3" A.A. Gun I.I3 recoils in a sleeve and hence a welded
thermo-couple could not be used at tho breech. Therefore,
a thermo-couple ras attached to a brass plate which ?;as
held-in place and prescod against the g-un by a xvooden
frame built to conform to the shape of the gun. This thermo-
couple was placed on the gun after the firings were over e.t
a point 3.3S ft. from the rauzz,le. Figure 1 shov/s the position
of the thermo-couples.

A thermo-couple vas also placed in the oil by-pass
between the recoil brake cylinder and the cylinder containing
the floating piston of the recoil system. Entrance into the
oil passageway was secured by removing the oil .refilling plug

* Rotating band modified by cutting out • the coppr in the middle of the
band leaving «02" flats at front and rear,
Hote: '.Che web thickness of Lota 740 and 1337. are ,0443" and .0316",

respectively*
— 2 —



and inserting a specially built plug containing the thermo-
couple.

Re suit 8 of Preliminary .Firinprg

The temperatures attained .during the preliminary firings
are shown in Plot 1. All of the preliminary rounds were made
with the 12.7 lb. proof slug. The first 15 rounds were made
with pyro povder and the standard or unmodified rotating
band. The second 15 rounds were made with pyro povder and a
rotating band modified by cutting out the copper in the middle
of the band leaving only .02" flats at the front and rear of
the band. The last group consisted of 25 rounds made with
NH povder and the unmodified rotating band. The first and
second conditions of firing gives the effect on the tempera-
ture rise of removing a portion of the rotating band, while
the first and third conditions of firing gives a comparison
of the heating effects of pyro and NH powders,

The follovlng table sho"re the computed degrees rise per
round, allowance being made for the cool' ng during firing:

Rotating Type Temp. Distance Deg. G. Rise
Band Powder Rise. from • • per round

Deg. -C. lluzzle
'

•Standard Pyro 19-69 l.OS 3-35
" " 19-53 5.21 2,30

Modified* • " 51-93 1.03 2. SO
" " *3-73 5.21 2,00

Standard ' NH 72-14-1 l.OS 2.5̂
11 » 66-10? 5.21 1.6̂

The general experience with the heating of guns has
been that the temperature rise per round decreases as the
temperature increases, which appears to be due .to the increase
in specific heat with the temperature and to the decrease in
the difference between the temperature of the powder gases
and the temperature of the gun. Since the heating effects
were determined at different temperatures, It was desirable
to make an adjustment for these factors. This v?as accomplished
by calculating the heat absorbed which takes into consideration
the increase in specific heat. Then, the values for the heat
absorbed were adjusted to equal temperature ranges by the use
of the more complete data of the endurance firings, a method
which is described later in the report. The following table
shows the results of the calculations:

* Modified "by cutting out the copper in the middle of the band leaving
«OE" flats at the front and roar of the "band,
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Rotat-
ing
.Band

S tand.

it

Mod.

n

S tand.

Type Temp. Dist. Heat Absorbed
of Rise from Ca.1. per rd. 2

Powder Deg. C Muzzle Per cm. Per cm
ft, length bore

barrel surface

Pyro

n

NH

n

19-69 i.os
19-53 5.21

51-93 Log
43-73 5.21

7S~i4i l.os
66-107 5.21

4oo

462

336

402

331

16.7

19.3

14.1

16.g

12.9

13.9

Computed Heat
Absorbed if
Initial Temp.
were 19° C
Per cm. Per cm*
length bore
barrel

400

462

344

409

330

34?

surface

16.7

19.3
14.4

17.1

13. s
14,6

Prom the above results it appears that the heat absorbed
was appreciably lees using the modified rotating band. Also ,
the heat absorbed v?as loss rhen using NH pocder as compared
to the pyro powder.

Although the heat absorbed was appreciably lo^er v/hen
-using the reduced rotating band, there are other important
factors which need to be considered, namely, the density of
the gases and their time of application, and the difference
in temperature between the gases and the bore surface.*

In order to arrive at the temperature difference between
the powder gas and bore surface, computations were made of
the muzzle temperatures of the gases as follovs: The initial
temperatures of the gases of pyro and HH powders similar in
composition to those used in the present investigation have
been computed to be about 2700 and 2400 deg. C., respectively.
From the -weight and specific heat of the gases, one can compute

. 'the drop in tempftrature corresponding to the energy losses due
/to the velocity of the projectile, velocity of the gases, and
/ heat absorbed by the gun. The following table shows the results
' of the computations.

v
1
;

Powder
Type

Pyro
n

NH

Weight
of

Charge
Ibo.

4.34
4.12
5.00

3" Proof Proj.
V/eight Muzzle
Ibs. Vel.

f/s

12.7 2300
it n
it n

Temperature Powder
Gases, Deg. C
Initial Muzzle

2700 16 40
' » ' 1SOO
2400 l4jO

*'Report on the cooling of closed chambers* (in preparation) by R. H. Kent.



Considering the pyro powder, corresponding to the tests
of the standard and mortified- rotating bands, the computed
muzzle temperature of the gases is somewhat lower for the
conditions of test of the modified band. Therefore, the
effect of the temperature of the gases should be to reduce
the heat absorbed under the conditions of tests of the
modified band. Considering the .pyro and NH ponders, it
appears that the Initial and muzzle temperatures of the 1X!H
powder gas are appreciably lower than the pyro and, hence
the heat absorbed by the gun should be appreciably lesse

In making the calculation of the muzzle temperature of
the gases, it was necessary to compute the total heat absorbed
per'round by the gun. These values are shown in the follov/i-ng
table, including the energy of the powder and projectile:

Powder
Type Weight

Charge
Ibs.

Total
Energy*
Charge ,
cal.

Total
Heat
Absorbed
by Gun

• £ftl/rd.

Per Cent
of Energy
of Charge
Absorbed
by Com '

Energy
of Pro-
Joetlle
cal.

Pyroii
NH

b.&t ' 1,720,000 IS'5,000 11
*!•. 12 1,̂ 70,000 163,000 ' 11
5.00 1,5*1-0,000 135,000 9

502,000
502,000
502,000

Per Cent
of BJnergy
of Charge
Imparted
to'proj.

29
31
32

From the above results it appears that approximately 10 per
cent of the energy of the pov/cler is exoended in heating the
gun, and about 3° Pftr cent in imparting velocity to the projectile,

Computation _of bursting temperature of gun .

Since the rate of fire is much slower when the gun crew
takes cover it was desirable to compute the temperature at
which the gun crew should take cover in order to fire as
many rounds as possible at the fast rate and thereby minimize
the heat lost by cooling,

A computation was made by J. R. Lane of the maximum
pressure occurring at various points along the bore. From
the maximum allowable pressure curve for the gun and from
the computed maximum pressures, the safety factors were
obtained -as a function of the distance along the bore. Report
No. $12/2' "Tension Properties of Centrifugally cast molybdenum -
vanadium gun steel at high and. low temperature", Waterto'vn
Arsenal, furnishes data regarding the reduction in strength
of gun steel with increase in temperature. Making use of

* The energies of the pyro and EH powders were taken as 1,100,000 and
950,000 i'tolba. per lb. which appears to "be representative for the
powders uaede



these cUta, the temperature was found at v-hich the safety
factor was reduced to unity, or in other words, the tempera-
ture at which failure should occur. .The results are shown
in Plot 2 which shows the maximum allowable temperature as
& function of the distance along the bore, Then, from the
heating effect per round, the number of rotnds necessary to
reach the bursting temperature was calculated, . to king into
account the cooling. After making allowances for safety it
was decided to take cover when the temper.-.ture at the thermo-
couple 5.21 ft. from the muzzle reached 250° G.

Results of endurance tests.

. Cover was taken after 125 rounds of rapid fire at an average
rate of 17.̂  ro\;nds per minute. After firing ^ rounds from
cover, a delay of about 5 minutes occurred due to trouble in
removing a round which would not go into the chamber. A burst
of 20 rounds was then fired rapidly, after v:hich cover was
taken for the remaining rounds. Tlie r&te of fire from cover
averaged 7*1 rounds per minute. Firing was stopped after 2^7
rounds because the supply of ammunition at the gun was exhausted.

Some trouble was exporiencetl rith the .operating cam at the
beginning of firing making it necessary to operate the breech
block by hand for a few rounds. The cartridge case of one
round rould not go into the chamber becauce of a burr on the
rim of the base, causing a delt-.y nhile removing the slug and
•powder charge. The recoil mechanism functioned smoothly
throughout the test.

Erosion of Gun

Plot 3 shows the erosion of the lands and grooves as a
result of the rapid fire tests. Before the rapid fire tests,
there was no evident erosion of the lands or grooves except
for the usual rather marked erosion near the origin of rifling.
There was come deposit, of copper in the rear half of the rifling
and practically none in the forward half. After the rapid fire
tests were completed the rifling was apparently in good con-
dition. There was some further erosion of the lands and grooves
near the origin of rifling and practically no change in the
diameter over the remaining portion of the barrel. Photographs
No's. 333̂ 5 and 333̂ 5-k show gutta percha impressions at the
muzzle and origin of rifling.

Although the erosion apparently was not excessive, it
appears that the firing of 2^7 rounds rapid fire at high
temperatures should cause a greater reduction in the accuracy
life of the gun than would a corresponding number of rounds
fired at near atmospheric temperature. Erosion tests of
caliber .30 tank type machine guns showed that the accuracy
life was considerably reduced by firing at high temperatures.

- 6 -



Comparing the erosion of the 105 m® A .A. Gun Ml* with
that of the 3" A.A'. G\m ifj in the present investigation, it
appears that 169 rounds of rapid fire in the 105 mrn Gun
produced a very rapid erosion whereas the 2^7 rounds of rapid
fire in the 3" Gun produced only a moderate erosion.

Range Qb seryat i on s

Range observations were made for the purpose of deter-
mining whether there was any change in the range accuracy
during the rapid fire. The accuracy of the gun as affected
by the temperature is of considerable importance, since if
there is a serious decrease in the accuracy of the gun at
high temperatures it would not be desirable to use the gun
at such temperatures, even though it were possible to do so
without de-mage to the gun.

Observetlons were made of the range of about every third
round during approximately the first half of the fire vhen
the gun crew was not taking cover and of about two rounds out
of three v-hile taking cover.

For the purpose of computing the probable errors, the
firings were divided into four groups of- 62, 62, 62, and 6l
rounds each. -Because of the difference in the r~te of fire,
there were about one-half as many observations in the first
and second groups as in the third and fourth .croups. In
order to eliminate the effect of a shift in range during
firing, the probable errors v.-ere computed by tho method, of
successive differences. In this connection, precuutiona
v/ere taken th.-̂ t the elevation of the gun did not change
during the firings. The following table shows the computed
probable errors:

Rounds

1-62
63-12**-
125-1856
127-2*1-7

Gun
Elev,
deg.

29
29
29
29

No. No.
Rds. Obser-

vations

Mean Range P.E. of
Range P.E. of P.E.
yds. one rd. yds.

yds.

Remarks

62
62
62
61

21
21
9
0

*••I
6657
6716
660S
6597

128
S6
69

10S

9
5
S

Rapid fire
ii ii

From cover
it ii

* Heating Effecta and Endurance Properties of the 105 irni A.A. Gun-I'll aa
Determined by Rapid Fire Testa, Feb. 12, 1936.
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From the above results, the range P.E. decreased during
the firings and then Increased for the last group, However,
in view of • the rather large P.E. of the P.E. it is believed
that the decrease in range error is not significant.

It is plausible that the range error might increase due
to erosion and to the expansion of the bore as a result of
the increase in temperature. As regards erosion, star gauging
measurements show that the erosion apparently was not grea.t
enough to cause an appreciable change in the accuracy. As
regards expansion of the bore, computations show that for an
increase in temperature of 350 deg. C, the diameter of the
bore should Increase about .011 . inch which could plausibly
diminish the accuracy.

Heating Effects of Endurance Firings

Plot 4- shoves the temperatures of the gun and recuperator
during the endurance firings and for the cooling period after

• the firing. The thermocouples at 1.0& and 5«21 ft. v/hich
were welded to the gun functioned very satisfactorily. The
recuperator thermo-couple also functioned well. The thermo-
couple which was placed on the breech after the firing was
over .apparently did not give a normal temperature curve
since the observed temperature Increased practically 100 per
cent over a period of about ~$0 r.lnuten after the firing

.. stopped. It is likely that the v;ood frame holding the thermo-
couple may have been rarped by the high temperatures of the
gun, thus causing varying degrees of contact between thermo-
couple and gun. Because of the uncertainty regarding the
breech temperature, the data from this thermo-couple vere not
used in any of the .calculations.

As will be noted from Plot ^, the firings were divided
into two groups. In the first group nearly all rounds were
fired without taking cover whereas nearly all the rounds
of the second group were fired from cover. Making allowance
for the cooling, the degrees rise per round was computed for
each group, and also for the two groups considered as one.
The folloxving. table shows the results" of the computations:

Temp. " Distance Deg. G. Rise
Range from luuzzle per rd.
Peg. G ft.

20-336 l.Og 2.64-
1W450 " 1.98
20-̂ 50 » • 2.18

20-253 5.21 1.87
î-369 " • l.̂ -O
20-369 " ' 1.59

- g -



The greatest degrees rise per round was obtained at
the muzzle. The degrees rise per round decreased with
increase in temperature.

The heat absorbed per round, which takes into considera-
tion the increase in specific heat with increase in- temperature,
v/as calculated with the following results:

Temp. Range

20-̂ 36
31U-450
20-4-50

20-253
2̂ 4-369
20-369

Distance
from Muzzle

ft.

i.oa
it
ti

5.21II

Heat Absorbed
Calories per round,-,
per cm. per cm.*
length bore
barrel surface

334
291
2SS

14-. o
12.1
12.0

320
16.2
1:5.4-
14-.2

The heat absorbed per round- ras slightly greater at
5.21 ft. than at l.QS ft. fron the muzzle, "hereaa in the
case of the degreeo rise per round the reverse VSR found
because of the smaller hoat capacity at the muzzle.

Gemmated heating effects vith 12.7 lb« projectile

The endurance tests were mt.de v:ith the 15. lb. proof
projectile and because of the large number of rounds fired
the heatinpr effects \vere determined over a rather • large
temperature range. The heating effects using the 12.7 llD»
proof projectile were determined by firing 20 rounds in the
preliminary firings v/hich resulted in a rather email tempera-
ture range. It-was desirable to extend the values of the
heating effects with the 12.7 Ik. projectile which is the
weight of the service projectile to higher temperature range.
With this extension the temperatures attained at various
rates of fire could be computed under service conditions.
The method of computation, vhich vas suggested by R. H. Kent.,
is as follows:

Use is made of the equation

H = a - bO

where H is the heat absorbed per round for the temperature
rise Q, and a and b are constants. Values of a and b rere
computed to be 4-62 and .4-03, respectively at 1.03 ft. from
the'muaale; 4-82 and ,'K>5 at 5.2l" ft. from the muzzle.

_ Q —



Having determined a and b, the heat absorbed was calculated
over the temperature range corresponding to the tests of the
12.7 Ib. projectile. The heat absorbed using the 12.7 It.
projectile vas then calculated for the temperature ranges
corresponding to the tests of the 15 Ib, projectile by
simple proportion. The degrees rise per round v;as computed
by dividing the heat absorbed by the heat capacity. The
following table shows the results of the computations for
the 12.7 It. projectile.

Temp.
Range
Deg. C.

19-69
20-336
314-450
20-450
19-53
20-253
2̂ 4-369
20-369

Distance
• from
Muz-zle
•ft.

,OS
ii
it
ii
,21
H
II

II

Heat Absorbed
cal. per rd.
per cm. per cm.
length bore
barrel Rurface

400
302
263
261
462
3S3
316
337

16.7
12.7
11.0
10.9
19.3
16.0
13.2
•14.0

Deg. C(
Rise
per rd,

3.
2.
1.
1.
2.
•1.
1.

35
39
79
97
30
35
38

1.57

After making this adjustment the heating effects computed.
for the 12,7 It. projectile are almost exactly the same as for
the 15 Ib. projectile at 5.21 ft. from the muzzle. At 1.08 ft,
from the muzzle, the calculated heating effects are slightly
greater for the 15 Ib. projectile.

A computation was m&de of the muzzle temperatures of the
gases under the conditions of test of the 12.7 an& 15 It.
projectiles with the following results:

Type

Pyro

Powder
V7t. of Charge

Its.

4.SI

Projectile
Wt. Muzzle
Its. • Vel.

f/e

2300
2600

Temperature of Gases
Initial Muzzle
Deg. G. Deg. C

2700
H

1640
II

From the above results, it appears that the effect of
the temperature of the gases on the heat absorbed should be
about the same for the two conditions of test.

Aside from the weight, the projectiles differ in respect
to the band width, the 12.7 It. projectile having nearly twice
the band width.
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It Is of interest to consider the value of the constants
a and b in respect to the theoretical temperature at «'hich
no heat would be absorbed by the gun. From the values of
a and b determined by the obnerved temperature rise at the
muzzle, the calculated temperature at which no heat is
absorbed is about 1150 deg. C. The computed muzzle tempera-
ture df the gases is lo^O a" eg. C and at this temperature of
the gun no heat should be absorbed. Considered in another
manner, the value of b computed from the observed tempera-
ture rise is about .4-0, while the value of b obtained from the
computed muzzle temperature of the gases is about .28.

Ternnerature rise at various ..rates._of fire.

The temperature rise at various rates of fire was computed
for the gun making allowance for the cooling and using the-
heating effects for the 12.7 !*>• projectile. The results
are shown in Plot 5-

From this plot it is seen that at a rate of fire of
5 rd/mln. the cooling is a very important factor in the
temperature rise of the gun. At rates of fire of 10 rds/min.
and above, the cooling is relatively unimportant for the
temperature range considered.

The maximum allowable temperature at l.OS ft. from the
muzzle is 5̂ -5° C and at 5.21 ft. it is 4-70° C as shown in
Plot 2. At 5 a"d 10 rds/min. the maximum allowable tempera-
ture will be reached first at the point 5-21. ft. from the
muzzle, but at 15 and 20 rds/min., the maximum allov^able
temperature will be attained at both points of measurement
at practically the same time. Hence in computing the rounds
necessary to heat and maintain the gun at various temperatures
the results from the thermocouple 5-21 ft. from the muzzle
were used. The results of the computation follow:

Temperature
at 5.21 ft.
from Muzzle
Deg. C above
Atmospheric

100
200
300
400
il-70*

Number Rounds Necessary
to Heat

v<at 5

66

at 10 at 15 at 20
- rds/min rds/min rds/min

63
129
197
268

133
206
237

130
200
27̂
327

Rounds
per min.
Necessary
to Maintain
Temperature

.5
1.1
l.S
2.6

* The gun should burst at this excess temperature according to the
computations, if the initial temperature is assumed at 0° CB

- 11 -



From the table on page 11, one v/ould fire, for example, 66
rounds at 5 rds/min. to heat the gun 100° C above atmospheric
and then .5 rds/min. would maintain- this temperature. Also,
it should require t̂-g rounds at 5 rds/min. or }l& rounds at
20 rds/min. to attain the calculated bursting temperature of
•̂70° C at 5-21 ft- from the muzzle. Although rates and duration
of fire are computed up to the bursting temperature of the gun,
practical temperatures of firing would be considerably lower
because of safety reasons and possible excessive wear or damage to
the gun and Its operating parts.

Computation of Cooling Constants and Kmissivjty.

The cooling constants were computed by the equation

O*-2? . a- -23

- .23<t2 -

where 9 is the excess temperature above atmospheric and t
the time.

The emissivity vras computed from the equation*

r

where p is the density, c the specific hea't, k the cool-
ing constant, and r and r. the outer and inner radii.

The following table shows the results of the computations:

Date of
Test

Apr. 22
ii

May 7
ti

V/ind
Direction
and M.P.H.

N 7 'n . ii
W 10
II II

Distance
from

Huszle •
ft.

l.OS
5.21
l.OS
5.21

Cooling
Coefficient

k

.0037

.0026

.004-7

.00.25.

Emissivity
E ~2

deg. * ̂ min'

.0097

.0093

.0124-

.0093

» Third Partial Report in Connection with the teat of the 3" A,A. Gun T8
and Mount T-5, O.P. 5228, Oct. 1934.
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A higher k was obtained at the muzzle on May 7 than on
April 22, but at the point 5.21 ft. from the muzzle the k's were
the same for both dates of test. In view of the sonevhat
higher' wind velocity of May 7» i-t might t>e expected that
greater k's would be obtained on that date. The emiseivities
for the tests of April 22 were approximately equal for both
points of measurements, but on May 7 & higher emiesivity
was obtained at the muzzle,

Computation of bore temperatxire.

The temperature at the bore surface was computed in
genera.1 accordance with the method outlined in an earlier
report*. The method, v/hich was developed by Ra H. Kent,
was discussed in detail in the earlier report and will be
only briefly referred to in the present report, The assump-
tion ie made that after a certain time interval the rate of
temperature rlss is a constant, that is, that it in independent
of the distance from the c.xis of the bore and of the time.
The general eq; ation for the temperature is as follov/s:

u = At + B log r «:- Or2 + De

In the above equation, u is the temperatures, t the time,
r the distance from the axis of the bore, and A, B, C, and D
are constants.

The results of the computations of the bore temperature
including the observed temperature at the outside surface
are shown in the following table;

Rounds
fire

Distance
from

Rate of
fire

rds/mln. muzzle
ft.

0-129 -16.2
130-2̂ 7 . 7.8
0-129 IS.2
130-2̂ 7 7.S

l.OS
u

5.21
II

Observed
Temp, at
end of
firing
Peg. G

290
11-20
220

Computed
Temp, at
bore
surface
Peg, C

?6Z1%
3̂ 2
39S

Diff. in
Temp.
Deg. C

36
122
51

The highest observed temperatures and also the highest
computed bore temperatures occurred at the point of measure-
ment nearest the muzzle. However, the greatest computed
difference in temperature between inside and outside occurred
at the point 5*21 ft. from the muzzle.

* Heating Effects and Endurance Properties of tho 105 mm A,A. Gun
as det0rmined by rapid fire teats, Feb. 12, 1936» •



No allowance was made for the clearance between tube
and liner which in effect would increase the temperature
difference between inside and outside of the barrel.
Because of thn uncertainty as to what the actual clearance
v/as at a given point in the gun, it was not thought advisable
to make this calculation. However, in the case of the 105 mra
A.A. Gun Ml v:hich had the same nominal clearance, it was
computed that for conditions of maximum clearance and assuming
the clearance was filled with grease, that the temperature
drop across the gap during .firing should be about 3°° C»

Recuperator temperature

The recuperator temperatures obtained in the preliminary
firings are shown in plot 1 and tho'se of the endurance firings
are shown in plot U-. The latter temperatures are also shown •
in larger scale on plot 6.

Prom an examination of these plots it appears that the
oil temperature drops rapidly r.fter the firings are over and
soon assumes a constant value v/hich is somewhat higher than .
the initial temperature. Apparently the oil loces hoat to
the recuperator parts until the tv/o reach, the same tempera-
ture and then the temperature remains almost constant.

In computing the heating effect and cooling constant of
the oil, it would obviously be in error to disregard the
rise in temperature of the recuperator. Hence, it was
necessary to develop some method of making allowance for
this temperature rice and for this purpose, the method -
described in the attached appendix.was used.

By application of the method to the data shown in
Plot 6, values of the cooling constants and the deg. C rise
of the oil were calculated as follows:

Firings Cooling Constant Deg. G. rise per
of oil "k," of recup- round of oil, "h"

•*• _._~ -t-—~ tM. IIerator "k0"d.

1st group .26 .023 1.07
2nd group .20 .023 1.3S

With reference to the above cooling, constants, it is
likely that the oil in the vicinity of the thermo-couple
may cool faster than the main body of the oil. The reason
for this Inference is that there is a much greater ratio
of metal to oil in the constricted oil by-pass than in
the brake cylinder where the diameter is much larger.



However, during the firings, the oil should be mixed by
the movement of the piston and hence an average tempera-
ture of the oil should be obtained vrhile the firing is
going on.

The heat capacity of the oil and recuperator should be
Inversely proportional to the coolinp: constants and from
this relation, the heat capacity of the recuperator is
computed to be 10 times that of the oil. Since the recu-
perator contains 10.7 Ibs. of oil, the oil vrlll require
about 22SO ca!8 per deg. C rise, and consequently the
recuperator xvill require about 22,800 cal. per deg. C rise.
The weight of the recuperator calculated from the heat
capacity is ̂ 3)4. Ibs. which agrees well enough with the
actual 425 Ibs, However, vrtien one considers that much of
the recuperator mechanism, is not in contact with the oil,
it appears that the calculated weight should have been
somewhat lesse

Since the temperature rise of the oil and recuperator
combined was 3^ dog. C n̂cl since there 'ere 2^7 rounds fired,
the heat absorbed by the oil and recuperator is calculated
to be 3̂ 5° cal. per round.

From the principle of tho conservation of momentum, the
recoil velocity of the gun is computed- to be 25.5 f/s. With
this recoil velocity of the pun, the recuperator must absorb
about 23>300 ft. Ibs. of energy per round vhich is equivalent
to 75̂ 0 oal. per round. Since it was calculated from the
temperature data that 3̂ 5° cal. per ro.und rcre absorbed by
the oil and recuperator, it appeals that about onc-hixlf of
the recoil energy is accounted for in this manner.

There are several factors '.rhich may account for the
remaining energy. It is apparent that not all of the
recoil energy is absorbed by the oil. A part of it is ex-
pended in friction in the recoil sleeve and in the various
packing and pistons. Also, during the compression of the
gas its temperature is raised, which would tend to heat the
cylinder walls. Then, the cooling of the recoil system may
have been a greater factor than was evident, from the data.
As regards this last factor, there was no observed cooling
since a constant temperature was attained, and consequently
no allowance could be made for the cooling of the recoil
system.

Summary

1. As a result of the preliminary firings, it was
observed that less heat was absorbed when a portion of the
rotating band ^vas cut away. However, other factors, parti-
cularly the difference in temperature betvreen the powder
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gases and the bore surface, may have been of greater effect
tha.n the band width. The use of NH ponder resulted in a
lower heat absorbed than the use of pyro powder, which
appears to be due to the lower temperature of the gasese

2, A total of 2^7 rounds was fired as an endurance
test without causing failure of the gun» The maximum
observed temperatures attained were *-\.JQ and 3&0 dog. C at
1.08 and 5-21 ft. from the muzzle. These temperatures were
about 110 deg. C lower than the computed maximum allowable
temperature at which failure should occur.

3. Tho gun and recoil mechanism functioned well during
the test. The'only delay in the firings occurred while re-
moving a round which would not go into the chamber.

M-. Star gauge records made before s.nd after the firings
show that there was practically no increase in the diameter
of the lands or grooves, except for the usual rather marked
erosion near the origin of rifling.

5. The range dispersion did not increase appreciably
during the endurance firings,,

6, The degrees rise 'per round with the use of the 12.7
service projectile and the tei'ioorature range covered by the
endurance firings were 1097 and 1.57 at 1.03 and 5,21 ft.
from the muzzle, respectively. Corresponding values for the
heat absorbed were 26l and 337 o&l. per rd. per cm. length
of barrel-,

7t The greatest computed temperature difference between
the outside of the barrel and the bore ciJ.rface occurred at
5.21 ft. from the muzzle where a difference of 122 deg. C was
obtained.

Se The maximum observed temperature of the oil in the
recuperator was 95 ^ego C. The degrees rise per round of
the oil was calculated to be 1.07 and 1.3S for the first
and second groups of firings.

9. According to the calculations, the maximum number
of rounds that can be fired at various rates of fire before
attaining the maximum allowable temperature are ac follows;
M4g rounds at 5 rds/mln., 3^8 rounds at 10 rds/min., 327
rounds at 15 rds/rain., or JIB rounds at 20 rds/min.

>?.
N. A. Tolch.

- ŝ ~-7 -
<i/%*"~--

H.
Lt. Col., Ord. Dept0,
Chief Research Division
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APPENDIX "
METHOD OF COMPUTING HEATING EFFECTS OF RKCUPFRATCH

In computing the heating effect and cooling constant
of the oil, it *.'ould obviously bp in error to disregard
the rise in temperature of the recuperator. Hence, it vas
necessary to develop some method, ^f making allowance for
this temperatnrs rise and for this purpose, the following
method was suggested by R. H. Kent:

The assumption is made that the cooling of the oil and
the heating of the recuoerutor are proportional to the
difference in temperature bat'veen the oil &.nd recuperator.
Making this .assumption, the following equations are obtained:

For the cooling of the oil,

n
i —v (Q _ n \ .

dt ~ *r*l W2' •

for the heating of the oil during firing,

- nh - k, (OT - 9P) ,
dt 1 -1 d

for the heating of the recuperator mechanism,

dt

where

Q^ - temperature of the oil

SP = temperature 'of the recuperator

k^ = Cooling constant of the oil



kp = Cooling constant of the recuperator

n = Rate of fire

h = Degrees rise of oil per round.

The above equations were applied to the temperature
data for the recuperator. A plausible curve for ©? vas
drawn in as a first approximation. Then, a first approx-
imation of kp was obtained from the equation

dt

In the above equation, the value or ©0 is assumed to
be equal to the observed 9, vhen O, becomes" constant. Having
determined an approximation of lr.0,"-9,, v;ae conputed as a
function of the tine from tho cqUati&n

- 0) dt

The calculations of k? and G? were repeated until there
was no further appreciable 'change in the successive approxi-
mations.

The cooling constant k, and the degrees rise per round
h for the oil were next computed, k, is obtained from the
equation

— = k, (G-, - G9)
dt -1 -1 d

or
log (0, - Gp) = k, t + constant.

The elope of log (0, - Qp) plotted against t determines

the value of k-, . Since there was a stoppage in the firings
resulting in two cooling curves, two values of k, were
determined.

- 2 - /f



The degrees rise per round was determined by the equation
t

.
= I jnh - 3£1(9;L - dt

o

A value of h was assumed and a computation nade to
determine v/hether the computed O-, v?.as equal to the observed
Q. at the end or firing. If not, other values of h were
selected until a value was found with v-'hich the computed 9
was equal to the observed 9,. The degrees rise per round
was computed i'or both groups of firings which were separated
by the short stoppage In firing.

•7. _.
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