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Section 1

INTRODUCTION

The analysis and results descri bed in this report were performed
under a contract wi th the Ballistics Research Laboratories (BRL) entitled
IlTransient 3—0 Finite—Difference Calculation s of Heat Transfer and
Temperature Profiles in 30-mm Folded Gun Tube Chambers .11 The major
emphasis was placed on the determination of the time-dependent heat
transfer in the chamber part of the gun tube that is sandwiched between
the folded part of the shell casing and the projectile. It was antici-
pated that 3—dimensional effects would be important in obtaining reasonably
accurate results of peak temperatures. BRL was developing a 3-D Monte
Carlo code to evaluate such cases , but had not yet completely debugged
the program. Since results were needed quickly the 3-D finite difference
methods available at SAl were deemed adequate .

The peak temperatures were to be evaluated for the case of the
firing of a singl e round. As a shakedown test of the method , BRL has
su pplied representative information developed from interior ball istics
codes for an unfolded 37-rn gun. These boundary conditions were time-
and space-dependent local gas temperatures and heat transfer coefficients
at the gas—gun metal interface.



Section 2

GEOMETRY, BOUNDARY CONDITIONS AND THERMAL PROPERTIE S

The available description of the geometry was in the form of
sketches and drawings of a prototype folded gun tube assembly. From
these, a composite drawing and severa l cross sections were prepared
that described the geometry in terms useful for heat transfer analyses.
These drawin gs are shown in Figures 1 thru 4. They show the basic
dimensions and materials of the assembly . Except for the cartridge ,
which is made of cartrid ge brass , the material is assumed to be SAE 4340
steel .

The primary region of interest was in the web between the powder
chamber and the projectile in the area near the origin of rifling ,
approximately 4.5 inches from the rear face of the breech ring shown
in Figure 1 . The peak temperatures experienced by the gun barrel
assembly were to be determ i ned in that region for the single firing of
a projectile. The boundary conditions interior to the gun barrel were
prov ided by BRL in the form of heat transfer coefficients and bulk
fluid tempera~ ires as a function of time and position along the gun
barrel . indary conditions consisted of approximatel y 1300 cards
in a fr fly usable for analysis by computer. They contained data
descri~ ~riation of the heat transfer coefficien t , h, and bulk
flui es , Tbn as a function of time , t, and location along
the i of the gun barrel , z. The hea t flow per un it area , q ’ ,
into the gun barrel was then defined as:

q IP (z ,t) h(z,t) 
~ h~~

,t) - Ts(z~t)]
where T (z,t) is the barrel surface temperature to be determined . The
data fo~ the boundary conditions are actually applicable to a straight
projectile geometry. Figure 5 shows the locations for which data are
provided and the relative location of the projectile at early times.
Since the boundary condition set is too large to be presented here ,
onl y a few figures are supplied to show typical behavior and magnitude.
The earl y time heat transfer coefficients for locations 1 , 6 a’~d 12
are displayed in Figure 6 while those for locations 13 and 15 are shown
in Figure 7. The corresponding bulk fluid temperatures are shown in
F igures 8 and 9, respectively. The data are given for every 0.00005
seconds out to 0.02 seconds .

The temperature-dependent thermal properties of the materials
used in the gun tube assembly are taken from Reference 2. Values for
specific heat, therma l conductivity , and density for both SAE 4340 steel
and cartridge brass are shown schematica lly in Figures 10 and 11.
respectively, and are also listed in Table 1.

2
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Ta b le 1. Thermal Proper ties of Materials

Specif ic Therma l
Hea t Tem perature Con duc ti v i ty Tem pera ture

Ma terial (J/kg—C) (C) (W/m-C) (C)

502 . -18.05 43.1 —18.05

519. 204. 42.3 204.
619. 427. 38.6 427.

SAE 4340 753. 648. 32.2 648.
Dens i ty : 7 ,750 kg/rn3 800. 763. 25.9 788.
Melting Point: 1450°C 6895. 768. 27.0 871.

628 . 77 3 .
586. 871 .
607. 1094.

398. 0. 96. 0.
Cartridge Brass 490. 200. 105. 100.
Density : 8 ,570 kg / rn3 527. 500. 109. 200.
Melting Point: 940°C 113. 300.

115. 400.

* . 0SAE 4340 steel has a solid phase change ~t “.. 768 C. The latent heat
i nvo lve d i n th i s  tr a n s i t i o n  is mo dele d by a chan ge i n speci fic hea t
in the form of a spike superimpose d over the actual specific heat curve.
This triangular peak has a base width of 10°C , a height of 1/5 of the
la tent heat of transition and is centered at the transition temperature .

3
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Section 3

DESCRIPTION OF THE HEAT TRANSFER CODE

The variou s calculations described in this report were rerforrned
with the TRUMP computer program (Ref. 1). This program was developed
originally at LRL , Livermore primarily for research and development
related to nuclear energy . The TRUMP code was obta i ned by SAl from
A. Edwards of LRL , Livermore in early 1975 and modified to run with the
standard COG Fortran compiler and operati ng systems . It ha s been used
successfull y on a number of heat conduction p~-ob1ems . Capabilities of
TRUMP are summar i zed below .

TRUMP is a d igital computer program for transient or steady
state anal yses of flows in various kinds of potential fields in complex
systems. Examples include heat flow in temperature fields , mass f low
in pressure fields , an d curren t i n elec tr ical an d ma gne ti c f iel ds ;
they often include various sources and sinks, and modes of transport other
than potential flow. The program allows solution of a general nonlinear
parabolic partial differential equation. Two additional equations ,
which in thermal problems represent heat production by decomposition of
reactants having rate constants with a general Arrhenius temperature
dependence, may also be solved simultaneously.

Solutions to both steady-state and transient problems may be
obtained. Geometr ic conf igura ti ons may be qu it e complex , with flow in
1— , 2-, or 3-dimensions; with rectangular , cylindrical , ax i al , or
spherical symmetry; or with arbitra ry shape and structure. Initia l
conditions may vary with spatial position. Material properties, source
and sink strengths, boundary condition s, and other problem parameters
may vary with spatial position , time , or the primary dependent variable
(temperature , pressure, field strength). External sources or sink s,
coupled to the system by means of specified boundary conditions , may
vary with time. Certain problem parameters at one spatial location r dv
be made to depend on the value of the dependent variable at another
spat i al locat ion .

Limitations of the program include the number of spatial
locations which can be calculated (which may be from several hundred
to several thousand i n var i ous vers i ons) an d the amoun t of com pu ter
time required (which may be from a few seconds up to hours for the
largest possible problems).

Input data are efficiently organized to be as simple and
compact as possible. Output data include numerical , graphical , and
punched card data , wi th options on frequency and content controlled
by the user . Output is organized and labeled to provide the user
with maximum information concerning the calculation.

4
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Part of the TRUMP Program is a file containing therma l propert ies
of a great variety of mat erials (Ref. 2). The TRUMP Program can
process this file to retrieve appropriate data for those materials
requested by the problem input description. The data on this
~i 1e include densities , tr a n s i ti on tempe ra tures~ heats of transit ion,
and tables of specific heat and therma l conductivity versus temperature ,
for over 1000 materi~ ls. An alphabetical material ind c~x, list of data
sources, fiater ial—classif ication system , data— ouality indicator system ,
and the data themselve s are on computer cards and magnetic tapes . The
data are in the format used for material property input data in the
TR .11P Program. Processing options available with the T°IJMP Program
inc lu de: (a) reading the material data , checking for vdrious types of
t ,~’miat errors, calculating table slopes, calculating enthalpies f rom
soe cific hea t tables, and writing out the input data , error diagnostics,
and calculated data ; (b) converting material data to any desired unit
system ; (c) producing a secondary material data list from the master
data list , including all the materials or only the materials on a
material selection list; and (d) any combination s of these.

The ader~acy and accuracy of the TRUMP code for ca lcu 1a~~ngtempera ure distribut ions has been verified by comparing resu 1t~
- m e d  ~ith TRIJMP against analytical solut ions of the same pr,blems.

Two problems reflecting characteristics similar to those found in
~un tube hea t transfer problems were chosen. The first problem
consists of a slab of steel 10 cm thick wit h one side insulated and the
other exposed to a constant heat flux. The ueor et r ’y and critical
conditions are shown in Figure 12 together with selected results. The
~heu etica l temperature distribution at any time and any position is
taken from Cars law and Jaeger (Ref. 3) and is given by Equation 1 . The
resu lts. as predicted by Equation 1

n ’ 2
3 2 2 2 ~ 1~n -~t(-—)

T = -~:~~~-~~~
• 

+ ~~~~~~~~~~~ - -~~~~ 

2 e C0S(~~--) (1)
p 6 n

n=1

and as calculat ed by TRUMP , are shown in Figure 12 for two different
times . The TRUMP calculati ons were performed with a 20-node flesh
~e ;cri pt i on . The therma l properties used for the calculations are
~lso qi ~~~r in the figure. As may be noted agreement is excellen t.

T h2 second problem is very similar to conditions existing in the
~un t~~i~e . A semi-infinite solid made of steel is subjected at the
- jrtace to a spike heat flux of the form shown in Figure 13. The
d~~r i f  ion of the spike and its magnitude are of the order of those that
might be found with the geometry and boundary conditions discussed in

~ i ) r ~ 2.
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Surface Heat

0 t1 t2 t ime , t

Figure 13. Triangular Pulse Shape

The temperature distribution in a semi-infinite solid in a
region x>O initially at zero temperature , for a flux th (t) per unit area
per unit time at x = 0, with heat ceasing at x = 0 at time t7, an d then
thermally insulated is given by Carslaw and Jaeger (Ref. 3) ~s
Equation 2.

T = ‘

~~~~~~ f ~ (t-i) exp (-x 2/4kT) ~~~ . (2)

For a heat f lux , q ( t ) ,  given by Equation 3 ,

q (t) = at 0<t~~t~

q~ (t) = b(t-t 1) t1<t~~t2 (3)

~ ( t )  = 0 t >t 2

the solut ion to the above problem is given by Equation 4

T (x,t) = a V (x ,t) O<t~ tl
T (x,t) = a V (x ,t)  - a V (x ,t -t 1) + b V (x ,t-t 1) t 1<t~ t2 (4)

T (x,t )  = a V (x ,t )  — a V (x ,t - t 1) + b V (x ,t - t 1)
- b V (x ,t— t 2 ) t.’t 2

6
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where

V (x ,t) = ~~~~~~~~~~ ( t )  3/2 
(2 (1÷Y 2 ) i e r f c (Y )  - V erfc (~ )j

i e r f c (V )  exp ( -Y 2 ) - Y e r f c (Y )

4kT

T he ana ly ti cal solu t ion i s p lot ted in  ~igure l~ for the condition
= 1 msec , t~, = 6.5 msec , and 4 = 3.32xlO Watt/rn . The TRUMP

calcula tion s w~re performed with P~ same geometry description as used
in the gun tube calculat ons. This configuration , identified as
No. 11 is described in more detail in the next section. As may be
no ted from Fi gure 1 4 where the sur face tem pera ture i s p lo tted as a
function of time, the analytical and TRUMP results agree quite well.

7
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Secti on 4

MODIFICATIONS TO THE HEAT TRANSFER CODE

Var ious computer programs dnd subroutines were developed in
order to facilitate data handling processes . Since the computations
with TRUMP were done on the COG 7600 at the ARC , Hun tsville, AL ,
several ~f the programs were oriented toward the use of that system .

The primary modif ications deal t wit h the process i ng of the
bou ndary conditions. The time-dependent heat transfer coefficients
and fluid bulk temperatures are used by TRUMP in the form of tables.
At any time dur i ng the calcula ti onal process the code interpolates
l inearl y i n these tables  to get the curren t or projected va lues  of
the heat transfer coefficient and fluid temperature . The version of
the code operational at the ARC is set up to accept tables with a
max imum length of 12 entries . This is far less than the number of
data points acutally available, which numbers approximately 300 values .
In order to handle such a large data set a program was written to read
the data provided by BRL, convert the heat transfer coefficients and
temperatures to a set of units compatible wi th the other data for
TRUMP , compute the derivatives of these values with respect to time,
and store the results on a file tha t TRUMP can access. Three routines
were added to TRUMP to process and use this file. One routine retrieves
from the file the data set appropriate to the axial location along the
gun barrel of interest and stores these data in the Large Core
Memory (LCM) of the COG 7600. The other two routines retrieve data
in groups of 12 sets from LCM for the tine interval under computotion.
As time increases appropriate data Sets ar~ processed and stored in
the avai lab le table space.

TRUMP computes its own time step based on stabi l i ty and severa l
error cr iteria . Because the time spa n over which the maximum
teinpera Lure is reached is small, the time step in TRUMP has to he limited
to the maximum value. If such a restr ict ion were not imposed the time
step that TRUMP would compute prior to the sudden rise in the heat
transfer coeff icie it  would be so large that interpolation of the tables
would result in values that passed the peak. The limitation on the time
step resulted in a great deal of output which, instead of being printed ,
could be stored and catalogued as a permanent file. Two programs were
written to process this results file. The first one retrieved and
printed da~~ for selected nodes and time intervals , whi le  the second
one produced printer plots of the temperature -time histories of selected
nodes and spatial temperature distributions at selected times. The
first program was used for norma l test runs and served basically to
i sola te ti me spans an d re gi ons of i n terest . Th e secon d one was use d
to produce more detailed results for evaluation. lhe second program
also has the ability to generate CALCOMP plots.

8
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Part of the input data to TRUMP is a detailed description of all
nodes and node connections. For problems with many nodes the determination
of all node and connection parameters is a laborious task . For
geometri es that can be described by bod ies of revolution, the FED(4)
program can be used. However , for rectangular 2-dimensiona l problems
this program was found to be unsuitable. A separate program , named
TODXY , was hence writ ten to generate the node and connection data for
rectangular 2-dimensiona l geometries such as the one near the interior
corner reg ion .

As will be d iscussed in more detail later , it was found that
the use of a single firing d i d not produce lar ge temp era ture chan ges
at large dis tances from the bore ins id e surface . To get a feel for
how multiple firing affects the temperature distributions a subroutine
was writ ten to recycle the boundary conditions. It was assumed that
the ava i la ble bou n d ary cond it ions woul d also be val id for the second
round of firing so that the only requirement was to add a constant
to the time base. A routine was incorporated in TRUMP to test the
progress of time in the calculations. If it were to exceed the last
entry of the 12 value table, the times specified in this table would
be modified by adding to each entry the difference between the last
and f irst entries. A test case with this capabi l i ty is discusse d
in Section 5.

9
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Section 5

ANALYSIS AND RESULTS

Based on the boundary conditions supplied it was obvious that
the most active region extended from the base of the folded ammunition
cartri dge to a distance just beyond the nose of the projec t i le .  A
cross -sectional view of the gun tube taken anywhere w i th in  this region
was aEsumed to be the same so that for initial purposes the problem
could be represented by a 2-dimensional model of a series of s l ices ,
which when stacked on one another , would define the entire region.
Figure 15 shows the basic 2-dimensional cross-section as it was used.
This cross -section was then divided into a series of nodes for whi ch
the time -dependent temperatures were to be computed using the f in i te
di fference code TRUMP .

The code requires that each node be defined by a volume , a
material type , and heat flow paths to other nodes in the configuration.
The accuracy of the calculated temperatures is , in general , condi t ioned
by the fineness of the mesh. The finer the mesh the i~ore accurate
predictions of temperatures one can make . This does not come wi thout
some sacrifi ces; in this case , increased computer execution time and
insufficient central memory locations. The procedure used here to
develop a proper model was an effort to minimize the number of nodes
while maintaining reasonable accuracy.

The firs t series of calcuh itions used constant values for the
therma l properties, specific heat and thermal conductivity , and an
approximate history of the boundary condi t ions.  The hea t transfer
coeff ic ients and bulk temperatures were approximated by several line
segments. Three of the models analyzed are shown in Figures 16 , 17 ,
and 20. The first of these , which is labeled as Configur ation 3. was
the product of two attempts tn subdivid e the entire cross-section into
nodes. Results indicated that these were poor nodal mesh designs , since
not much was observed to happen in terms of short-term temperature rises.
The ca 1 culations revealed that onl y nodes very near the chamber walls
(nodes 1 ~iru 48 and 101-148) were experiencing any temperature change.
These tem pt~ratures were also found to be independent of the circumferential
location at equal di ,tances from the chamber walls. For these reasons
the r .odal structure was further simplifi ed by analyzing only a small
region near the chambe r wall as shown in Figure 17. This con figuration
produced the exact same results as the one shown in Figure 16. Various
configurations were then devised to study the effect of the mesh size
on calculated temperatures. Each successive configuration was obtained
by approximately ha l vi n ’ i the size of the node of the previous geometry .
Surface temperatures were computed using the approximate boun dary conditions
of location 6 (see Fi~ ure 5) and constant thermal properties. The
results are shown in F~gure 18. The dependency of the surface tempera-
ture on the node si~ ’~ is readil y seen in this figure . With the last

10
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confi guration the surface temperature histories at several locat ions
along the gun-barrel are shown in Figure 19. The last configuration
tested , No. 10, showed that the region of significant temperature
changes in the metal was confined within a very narrow distance from
the wall. A temperature change of less than 1 degree at the time
the surface temperature reached a maximum value was experienced beyond
a distance of 0.085 cm and (0.033 inch ) from the wall. Furthermo re ,
in the region of the highest heat transfer coeff ic ient , axia l  var ia t ion
of the coefficients themselve s and their associated bulk temperatures
is not very significant as may be observed from Figures 6 thru 9.
Hence , for  a s i n g le fi r i n g case , when the initial material temperature
i s everywhere the same , the peak temperature is not expected to be
influenced by the neighboring conditions. It was thus decid~d that a
1-dimensional representation of a single f i r ing case would provide
adequate estimates of peak surface temperatures. A final con figur ation
was then developed to provide the accuracy near the surface and a
smoo thl y developing profile into the solid . Configuration 11 is shown
in Figure 20.

To veri fy the assumption that axial conduction could be neglected
in the case of a single firing, an r-z ca lculation was performed w~th
five (5) axial meshpoi nts corresponding to Locations 13 thru 17 for
which heat transfe r coefficient data were specified. The mesh
conf gurat ion in the r-direction was the same as the one for Configura-
tion 11 except that onl y the first 20 nodes near the bore surface
were used . The resulting temperature distri butions , using this 2-0
mode l, we re found to be identical to those generated by 1-0 analyses,
confirming the 1-dimensional nature of the present problem . All
remaining calculati ons were then performed with Configuration 11 .

Table 2 shows results of nine calculations performed wi th this
confi guration . Calculation 1 used the simplified set of input parameters
as in previous calculations; i.e., constant heat capacity and therma l
conductivity , and the heat transfer coefficient and b u k  temperature
histories approximated by 11 straight line segments. Calculation 2
was made with temperature-dependent heat capacity and thermal conductiv it~~.
Calculation 3 used the full set of heat transfer coefficients and bulk
temperatures as supplied by B~L. Calculations 4 thru 8 were similar to
Calculation 3 except that the boundary conditions for Locations 12 and
14 thru 17 were used. Calculation 9 is similar to 3 except that
Cartridge Brass was the material into which the heat flow occurred .
As may be noted from Table 2 the peak surface temperature is a pp ro\ i-
mate ly 1000°C (1830°F) .  The effect of brass coii~pared to steel is to
reduce the peak temperature by about 34~ . The spatial temperature
distr ibut ions for Calcu lations 3 , 6 , 7 , and 8 at the time that the peak
surface temperature is reached are shown in Figure 21.

11

/

L.. . - . . .  ~~~~~~~~~~~~~~~~~~ ~~~~~~~ . 
-~~~ - .~~~~~~.



—

The spatial temperature dis tribution across the whole web at
the time when the peak surface temperature is reached at Locat ion 13
is shown in Figure 22. This configura tion consisted of two No. 11
configurations back—to-back. The heat transfer coefficient in the
powder region was approximated by folding the 1-D bounda ry condition
geometry , Figure 5, into the folded chamber geometry , Figure 1 , and
choosing the equ i valen t locat i on for the boun dary conditio ns~ in this
case Locat ion 12 would be oppos i te to Locat i on 13. The effects of
brass on these calcula ti ons were not i nclu ded. These cal cul ati ons
bas i ca l l y show tha t the oppos i te wal l  has no effec t on the peak
tempera ture i n t he case of a s i n gle round of firing.

Table 2. SUMMARY OF PEAK SURFACE TEMPERATURES

Calculation Gun Tube Location Peak Surface Temperature
Number Num ber (°C)

1 13 939.
2 13 984.
3 13 1003.
4 12 932 .
5 14 973 .
6 15 979.
7 16 968.
8 17 950.
9 13 660.

In addition to Calculat ion No . 9 of Table 2 a 1-dimensional
anal ysis was performed for a case when the proper brass thickness was
fol lowed by steel .  Perfect contact was assumed between the brass and
the steel. The results were identical to those of Calculation No. 9
for the peak temperature.

A large temperature rise is expected to occur in the interior
corner region identif ied by ~ in Fi gure 1. Appropriate boundary
conditions for this region were not available. They are expected to
deviate from the conventional ammunition boundary conditions of
Figure 5, and are certain to be a function of the radius of curvature
of this region . To get an estimate of the magnitude of the effect of
the corner a 2-dimensional model was constructed . The corner was
assume d to be square , no rounded edge in other word s , with the boundary

12
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con ditions for Location 13 appli ed over the whole region. The node
geometry is shown in Figure 23. The mater i al was assumed to be
CartridgeBrass for the whole configuration . Figure 24 shows the
temperature history of the surface node closest to the corner. The
peak temperature reached here is 1099°C (2010°F). Figure 25 shows two
temperature p rof i les at the t i me the surface  tem per atu re ha s reached
its maximum value. The upper curve shows how the surface temperature
var ies as a function of distance away from the corne r. As noted an
asymptotic value of 668°C is reached at approximately 0.10 cm . This
corres ponds to the 1-D calculation , No. 9 of Table 2. The difference
between 668°C and 660°C is due to the coarser nodal structure used in
the 2-0 model . The l ower curve shows the temperature distribution
along the diagonal shown in Figure 23. Here again the maximum region
of influence extends to about 0.10 cm. These results appear to impl y
that rounding edges to 1/32” radius can substantially reduce 2-0
effects in case of a single round of firing.

As di scussed above , the material thickness over which significant
temperature changes occur is very thin for a single firing. To determine
the feasibility of performing multipl e firings and to analyze its effects
on the temperature distributio n the boundary conditions were modified as
discussed in Section 4. Results of a case wi th three firings using
configuration 10 are shown in Figure 26. A firing frequency of 600 rounds
per mi rute was assumed . As may be noted , the peak surfa ce temperatures
incr ease several  tens o f degrees from round-to-round which is expected.
The material layer experiencing significant temperature changes increases
wi th each round. With configura tion 10, after the third round 2 the last
node farthest away from the surface is at a temperature of 54 uC. This
shows that 3-dimensional effects are becoming important . The temperature
rise from round-to-round does not result entirely f rom the multiple firing
condition , b u t also  from inadequate modeling for this case. Further
study is required to determine more exact temperatures .

13
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Section 6

CONCLUSIONS AND RECOMMENDATIONS

The results presented and discussed in this report showed that ,
in the case of a single firing, l-D and 2-0 analyses were sufficient to
describe peak surface temperatures in non-corner and corner regions re-
spectively. A 3—dimensional analysis did not resul t in any better esti-
mates of peak temperatures for the case of a single round of firing, but
may be important for long-term temperature variations in the web region
and for cases of multiple fi rings .

The interior corner of the web region was shown to reach a peak
temperature 70% higher than the non-corner region (1099°C vs. 660°C).
However , since the spatial detail of the heat transfer coefficients was
insufficient and the ava ilable boundary conditions were inappropriate
for the folded aninun ition geometry, significant approximations were made
which prevent an accurate determination of the peak surface temperature
of the corner. Further work must be done to obtain more suitable boun-
dary conditions for in put to the TRUMP code.

For the case of mult iple firings the folded geometry may have a
si gn i f i can t  effect on the peak temperature of the we b re gi on . Such a
case requires a more detaile d analysis than presented in this report.
A number of improvements are possible with the presently available tech-
niques. Temperature distributions can be generated with boundary condi-
tions specific to the folded ammunition case. This may require a slight
modification to the TODXY program i n order to han dle the more deta i le d
spatial resolution. With a good set of boundary conditions the multiple
firing case can be evaluated in more detail and 3-dimensional effects
can be i nclu ded properly. Such cases requ i re cons id erab l e computer time
and memory. Areas wi th in TRUMP have alrea dy been Identified where
significant improvements with respect to these two i tems can be made.
The effects of web thickness , cartridge thickness , contact resistance
between b rass and steel , bore surface coatings, radiation between the
propellant gases and the chamber surfaces , friction of the projectile
with the gun barrel can all be investi gated with the present methodology .

The genera l nature of problems that can be analyzed with the
TRUMP program should make it a useful tool for inverse heat transfer
applications. For gun barrel applications , where it is very difficult
to measure bore surface temperatures , it is desirable to use measured
temperature histories to backout the surface temperatures or hea t flux
into the solid. Methods such as gi ven by Beck (5) and Lavrentiev , et al (6)
could be used wi th TRUMP to analyze barrel temperature data such as given
by Elbe (7).

14
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