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ON HEAT TRAN'SFER TO GU'N BARREL IN. SOME IDIPORTAN?I‘
S GUNS SRR
By Mahendra Singh, Detence Science Orgamsatmn, Mm.lstry of Da:enee,
‘New Dethi. -
- . ABSTRAET
In this communication the anthor has caleulated::the heat :
transfer to some important guns, on the basis of Thorn-hills’ -
empirical formulae. -
Precise methods have been developed by Hicks and Thomhl]l and Hu‘sch-
felder and Nordheim for the investigation of heat transfer to barrels in guns

whose ‘internal ballistics has been ‘precisely et ted. Thus ea.leulatlons
for heat transfer have been made for the follawmg cases - ;

(i) - Two Pounder model.

~ (#s) 25-Pounder Gun.
(199) 8" Mark VIII Gun.
No calculations for other guns have been reported.

Thornhill? has fitted formulas, whose form has a-rough theos 4ica ) busking -
to the heat transfer calculated for the above guns. The best thmg to do, for

calculations'on heat transfer in other guns, whose internal ballistics is imper-
fectly known, is to use to these formulae. o

Thus in this note, calculations for heat transfer to barrels have been made
for the following guns (full charge)—

() Q.JF. 3-7-IN. HOWITZER (ALL CHARGES)
(@) BL. 5-5IN. GUN.
@#i) Q.F. 75-MM HOWITZER
(@) QF. 6-PR. T-CWT. GUN.
() ‘Q.F. 17-PR. GUN. |
- (vi) Q.F. 3-7-IN. A.A. GUN. .
" Thornhill’s Results :— ]
Let, d inches be the calibre,
C lbs. the charge,

°K the temperature of uncooled explosion of the propellant,
U Cubic inches the total internal volume,

A square inches the bore area of the gun,

The maximum rise in temperature at the commencement of the mﬂmg,
6°K (with an ambient temperature of 300°K) is glven Jby—

T_—300

O=TTEL e, (1)
: L 4 \0.86
where (=038 d T) S e @)
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* The transfer at this point upto the shot ejection isH Gallsq ¢, per round

where : -

Hel-27x10 204 0 i vepianine e ea(3)

whue Q = 1:25 for heavy guns, " - ’ 5o
The mmlme cal, to the ba.rr&l upto.the time of e,]ecmon uglm ;

by - L ‘ -
E_V.ﬂ_ X 6451HL S (4)h
. ..'The kinetic. energyx {in calones) of the shot and charge at the muzzle
is— .
B g a T
‘>>7>K5_503X1Q (W-i- )Vz - _ . L)
‘where V is the velomgy in feet/sec . -, , e, i
and ‘W istheprojectile weight in- pounds. B
He has’ d&ﬁnﬁd&fa&mx,x_as—ﬁ B
X=g e ... .i(6)
Equatlons (3) and (4) may be put in a more convenient form
, _2 .
H=1-58T5x10" xd x0 BT P (34)
and E=12-90200 : ; A
T L .(44)
Gun Data :— v '

: The gun-data, given below and used in caleulations has been ta,ken from
the range tables ‘

TABLE I.——Gun Data

| [ L
B GUN a Ut w C. v Vol To-
"~ No, [ - ! -
. e b e i b 0z, | dms R ETRLE
1] QF. 3-7IN, 87 | 491.0 | 20(H.E) | .. | 9| .. | 973 | 3220 (M.Do-
HOWR. . , (arD)
2| BL5-5IN.GUN| 55 |4078-0| 82 | o| 2| .. | 1825|3220 (W)
3| QF.75MM. | 295 | 640-0 | 14-7(HE)| .. | 15 8 | 1250 | 2510
| HowR. . | - e T sty 3" 3
4| QF.6.PRT-CWT | 2244 | 4895 | 64028 | 2| 5| 6| 2675 | 2680 (N-HL
MK. 4. GUN. ' dms o ()
RN | , (AR) e o
5. QF.I7Z.PRGUN | 3:0 1353-7 [ I7AP | 8| 2| .. | 2000 | 2680 (N.H,
; CPC).
6| QF3-7INAA. | 37 |2515 |28(HE) | 7| 1| 8| 2600 | 3250(W.N)
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HEAT TRANSFER TO GUN BARRELS

" TABLEII

Heat Transfer to Gun Barrels o
5. GUN ) H B K ap
NO- . - R X
1| QF. 3-7.IN. HOWR 223-3 | 6-821 | 1-168X10¢ | 9-614x 106 | 1187
9 | B.L. 5:5-IN. GUN 695-5 | 25-90 | 2-478x10% | 1-425x10¢ | 1739
3| QF.75.MM. HOWR ... | 382:2 | 10-42 "E-mgx 104 | 1-18x10% | 2472
4| QF.6.PR.7-CWT GUN .. | 786-3 | 19-5 | 5-048x10¢| 2-542%105 | 1986
5 | Q.F. 17-PR. GUN 986-0 | 27-07 | 1-576x10% | 8-339% 108 | +1891
6 |'QF.3-7.IN. AA.GUN .. | 872:0 | 26-63 | 2-336x10% | 1-032x105 | -2262
-  TABLE III -
Heat transfer to Q.F. 3-7-in. Howr. for different charges
8. ¢ ‘ . : _
No. ' 0 H B X x
’ 028 dr
1 2l 155 93.46 2-854 | 4-888x10* | 2.625%10¢ -1862
I 3! 10-5| 1106 3:379 | 5:786x10% | 8-410% 104 - 1607
1411 5| o 141.9 4-335 | 7-423x10* | 4-868x10¢ -1594
v 6 7.5 | 1672 5-106 | 8-75¢X10* | 6-304x 104 -1387
v 9 0 293.3 6-821 | 1.168x10¢ | 9-614x104 -1187

The results are illustrated gra:npliically in Fig. 1, |



-

ific heat of gases énters ~bhe.h'equatiohl %

In Intern .
(y—1). Consideration of heat loss increases this to _ o
—L)=(—1) (LFx).oeennn.. [T PR UROON | ) S
Values of y
PROPE.- | » ‘ 5
LLANT | X i’ it
MD. ase2 | 1 1-38
, M.D. 1697.] 124 .18
) MD. . 1524 1-24 128
o MD.. 1387 | T1-24 1.91
L ' | M.D. . »1187 1-24 1-97
2| B.L. 5-5.IN. GUN FULL | WM. 1730 | - cl-24 | 1-28
3] Q.F. 75.MM, HOWR. FULL | FNH .2472 1 1-28 1-35
£} QY. 6PR.TCWT GUN,. | FULL | N.H. ..1986 1-26 1:81
5 | Q.F.17-PR TN PFULL | NH. 1891 | - 1-26 1-31
6 | QF. 3:7-IN. A.A, GUN .7 | FULL W.M. +2262 - 124 1-29
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The author is grateful to Dr. D.8. Kothari and Dr. R.S. Varms for thou-
~ kind mterut in the “investigation.
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