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ABSTRACT 

This report proposes that rocket sled tests used in 
determining rain erosion resistance of fuze nose cones can 
be improved by specifying the aerodynamic heating that occurs 
on the nose cone before entering the artificial rainfield. 
This technique involves defining the velocity profile of th 
sled during the approach so that at the instant of en ry 
into the rainfield the velocity, surface temperature, and 
temperature gradient of the nose cone are as close as 
possible to the values that occur when the nose cone is 
mounted on an actual weapon and fired downrange toward a 

rainstorm. 

A computer program (originated by Dr. J. H. Kraft, 
ARO-D consultant to the Harry Diamond Laboratories) used to 
calculate temperatures within the nose-cone tip is presented 
in this report. Calculations used in preparing for rocket 
sled tests of the Short Intrusion Fuze (SIF) are presented 

as a sample problem. 
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1. GENERAL DESCRIPTION

Plastic nose cones mounted on high-velocity projectiles 
are subjected to aerodynamic heating that degrades the phy­

sical properties of the material (fig. 1). If the projec­

tile were to enter a rainfield some distance downrange from 
the point of launch, thermal degradation of the physical 
properties would greatly reduce the ability of the nose cone 
to resist erosion (fig. 2). Damage to the nose cone can 
produce erratic flight of the projectile, degradation of 
range, and fuze damage that could result in a dud or an early 
function.

iM.

FIGURE 1. VIEW FROM TOP OF A TRANSPARENT ARTILLERY FUZE NOSE 
CONE AFTER A WIND TUNNEL TEST SIMULATING A 175-MM 
PROJECTILE FLIGHT.

PRECtClHb PiVuL
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FIGURE 2. TWO NOSE CONES OF SIF ARTILLERY FUZES, SHOWING 
RAIN DAMAGE FOLLOWING ROCKET SLED TEST.

:

In each fuze design, rain erosion must be considered 
when specifying a nose cone material, configuration, and 
wall thickness. The safest approach is to conduct tests 
and then perform a cost-effectiveness analysis to determine 
if some type of protective cap must be designed for the 
fuze.

The conventional tests are (1) actual firing into rain,
(2) rocket sled tests through an artificial rainfield, and
(3) whirling-arm tests. A Mach 3 whirling-arm apparatus 
has recently become available at the Wright-Patterson AFB, 
but because of the newness of this device the Harry Diamond 
Laboratories {HDD has only made use of the Holloman AFB
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rocket sled (fío n - j 

for dêíelopmení ¿ro" “«storms. 

ss-iS S" »æâ“'“ s” conditions are controllable. "recoverable and the 

sled testarerei^u"-reirients for estahi • u 

that th^test ' 
heating that occurs on theV<äd by sPecifying the aeroñlS teXt 
ramfield Th,-« • ? the nose cone befnr-^ f aerodynamic 
the sli duri^sti"v°lves defining the vêïoofîterin9 the 
into the raii?? ÎÏ aPProaoh, thus, at thl ° y Profile of 

«-i -rS-r-—16 In the ine<- d 3 rainstorm. 

-el the rocket 
gun. The?:?"™ ls iocated „ithi„ “! dama9e that occurs 

Mr and 

ace^also ^ 

used. lred' the whirling-arm appa^atus^musTbf8 

“atttsS? "n“hesSf tïïtSse T,! «ducted by 
which o9ccWuarsSSheeCnf h1'17^e pre' 
end maximum charge towaL ™ proiectile is fiíed at í^ 
far downrange to 3 rainstorm located ^°W an9le 
develop on ?h0 °.allow the maximum surf3r,ûtfd sufflciently 
to de terminent htlp °f -6 n°se cone íh» tfmPe"rature to 
sied to achieve thiseSSaíy vel°city 'profiie^f“ístÍOns used 
section. thlS Pteheat are PreLnt^^f 

cone^durino ^ “steady- 
puter program included^’in^8 accomPlished by usin^?^ °f the 
manner in which datare" 
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appendix c shows the data outout The m 
temperature is seen to occur at 0 surface 
gradient within the tip of thp nnc sec*, The calculated 

data and repeated AuL^oTlLlTl.13 ^ in the 

thceof1Unt,tlP °f a “dlf^ 
that occur at 0.66 aec Into fllght’of thlTm repres',lts tondltlons 
at rone 3. 10-deg elevation «ngîe into »4 .¡r,!'“ “î'1* ,Ired 
is the time of maximum surface tempMatur. ™ J Î Thls 
temperature conditions exnectpH rmP^k Column 2 depicts the 
rocket sled enters the rainfield The flVh ^ Holloman AFB 
of nine HVAR's, on, C°nSl8tS 

Position 
in. 

Temperature (°f) 

Column 1 Column 2 

Surface 
0.0166 
0.0333 
0.0499 
0.0666 
0.0833 
0.0999 
0.1166 

674 
215 
83 
60 
57 
57 
57 
57 

691 
282 
123 
73 
60 
57 
57 
57 

the projectile ve&Uy « S?1" t0 determine 
this value could be soecifi^ for f>,0f fl.lght time ao that 
rainfield entrance ?h. f°r the Pocket sled at the 

the rainfield is also de termini the s*ed thr°ugh 
the method is Ul!s£atrf“"“^eT firin? tables' ^ 

APB Test Group^TKOJ^todetermine tíe^êt^rbo“4^011“"*" 
able of providing the desirprf ei** ne seb pf boosters cap- 
ity of the rainfield, and to request Inio^ati" the Vicin- 
velocity profile of fMe re4uest information as to the 

the rainfield .The approach ve^ot^^r" dUrJni aPProach to 
the computer and the temper•W6r6 inserted into 
cone tip at the instant of entrv inï^îi008 Vithin the nose- 
calculated and compared with thos^ ín th? rainfleld were 
If the calculations^ere not of table I- 
profile was modified on paper until the ri^milaí' the approach 
were calculated. HollomanAPR desired temperatures 

mine Wheth- bba motift“npto?iUScoutdn bToIttfnet? ^ 
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procedure was continued until a reasonable agreement was 
obtained. 

Appendix D shows the rocket sled data inserted into the 
program and the data output. Column 2 of table I shows that 
the temperature conditions within the nose-cone tip at the 
entrance to the rainfield are reasonably close to those cal¬ 
culated for the 175-mm flight. 

ACKNOWLEDGEMENT 

The authors wish to express appreciation for the assist¬ 
ance of J. Achstetter, HDL staff member, in the preparation 
of the computer program presented in this text. 
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APPENDIX A. TRANSIENT HEAT TRANSFER COMPUTER PROGRAM 

A-l. PROGRAM FORMAT 

The Fortran program presented in this section is a modi¬ 
fication of a program written by Dr. J. H. Kraft as part of 
a feasibility study to be reported by HDL on the applicability 
of certain direct energy conversion processes to fuze design. 
The modifications consisted of removing thermoelectric cal¬ 
culations, providing a graph of surface temperature variation 
with time, calling for a printout of data cards and units of 
the variables, correcting an error in a subroutine used for 
interpolations, and adding a subroutine that calculates the 
film coefficient of heat transfer at the blunt tip of a nose 
cone flying in the troposphere. 

Figure A-l shows a flow chart for the program; one¬ 
dimensional transient heat transfer through stacked plates 
is treated. Each plate is called a section, and each section 
is imagined to be divided into segments called nodes. The 
thermal conductivity at each node is allowed to vary with 
temperature, but density and specific heat are assumed to 
be constants. Material properties are calculated in the PROP 
subroutine. 

The boundary conditions considered for the two end plates 
on the stack are radiation, constant surface temperature, and 
convection. In the instance of convection, the film coeffi¬ 
cient of heat transfer may vary during the course of heating, 
and this variation must be inserted into the program data in 
tabular form. An interpolation subroutine (INT) is used to 
calculate values of coefficients not specifically listed in 
the table. 

If the convection problem under consideration is one of 
aerodynamic heating on the blunt tip of a projectile in flight, 
then a table of heat transfer coefficients need not be included 
in the program data. Instead, ballistic data such as pro¬ 
jectile height and velocity are needed; the HTSTAR subroutine 
calculates the necessary relationships for film coefficient. 
The TEMP subroutine is used to calculate nodal temperature 
variations as a function of time. The calculations continue 
until all nodes have been treated and the time span listed 
in the ballistics table or the heat transfer table is covered. 

When the calculations are completed a graph of surface 
temperature variation with time is provided. A printout of 
temperature gradient at specified instants of time is also 

Mi) 
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FIGURE A-l. FLOW CHART 
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provided along with the temperature of the hot air, the heat 
transfer coefficient, the instantaneous rate of heat trans¬ 
fer, and the total heat supplied up to the instant of interest. 

The graph of surface temperature is provided only for 
one side of the stack of plates, but the printout data are 
for both end surfaces* The mdnner in which dâte are inserted 
into the program and the appearance of data printed by the 
program are shown in the following sections. 

A-2. PROGRAM FUNDAMENTALS 

The program treats a set of stacked plates subjected to 
transient heat flow from left to right as shown below. 

HEAT FLUX 

The individual plates are of arbitrary width, area, and 
material. Heat losses through the sides are disregarded. 
Each plate is called a section, and is imagined to be di¬ 
vided into incremental masses called nodes. Node widths 
may vary from plate to plate, but the width is constant 
within the individual plates. The only exception to this is 
on either end plate? a half width is used for boundary 
nodes. An illustration of an end plate containing two nodes 
and one internal plate with three nodes is shown below. 

17 



node 
numbers — 

ic /i“"1 this iilustration, it 
3 deflne“ by the relations 

X “ L/(»nodes - 1/2 node) 

x * V(#nodes) 

where 

apparent that the node width 

for surface plates, 

for interior plates, 

x * node width, 

L * plate width. 

Pla ^^''are^Õn^^.ni^^^edjor _ the two end 

q = CONST, 

applied surface temperature 

T(D = CONST, 

and convection 

9 = “^amb - T(l)), 

IS 



where 

q = rate of heat transfer, 

T(l) = surface temperature (the number 1 denotes the 
first node), 

h = film coefficient of heat transfer, 

A = area, 

Tamb = ambfent air temperature for general convection such 
as in an oven, but for aerodynamic heat transfer. 
as during the flight of a projectile, this is the 
adiabatic recovery temperatur. e. 

, c!s® general convection (such as in an oven), 

the fo™n«f0f ? tir"e.may be included in the program in 
the form of a table. Similarly, a function of h called COHT 
may be inserted in tabular form for aerodynamic heating. 
Values of COHT have been presented by Buckley.1 In general, 

COHT = h T*p 

where 

T* = [T(1)+T ]/2 + Cm T M2, 
e e 

Cm, p = dimensionless constants, 

Te = temperature at the boundary layer edges, 

M = V/c = Mach number , 

V = projectile velocity, 

C = (YRT)1/2 = sound speed 

T = static air temperature, 

Y = ratio of specific heats (1.4 for air), 

R = air gas constant = 1716.5 ft2/°F-S2. 

heatinción °f sta9nation point aerodynamic 
heating on the blunt tip of a nose cone flying with M > l.a. 

HDL report TR-1466, "Constant Mach Numbei Simulation 
Loads on High Velocity Projectile Fuzes," by Frank T 
May, 1970. ’ y K 1 ‘ 

of Flight 
Buckley , 
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Cm = o, 

P = 0.069, 

e ' amb = Tt = stagnation temperature 
C0HT = 7.31 X 10-6 (p^ajl/^ 

® ~ (0.6/D)(yRT^) 

where 

D = dia"eter °f the blunt tip. 

The Stagnatron air oonditions behind the shock „ave are • 
wave are given 

Tt = T (1 +(^1) m2 
2 ^ 

Pt2 = P(^-1M2)Y2/y-1 ( i /y 1 

2YM - (Y-i) 

The Static air conditions in front of the sho k 

T = To - 0.003566«. k WaVe are 

where 

T ~ To ' 0.003566H, 

P = VT/V 5-256 , 

To = atmospheric temperature at the launch site 

P° = atm0SPheri° P—e at the launch site, 
H S Lh 1 -_• 

H = . -- sea level, 

iauícTs“^8 elevation of the projectile above the 

In addition° th¿atÍonshiPs ere valid in 

for Maoh ~a = 
pt2 * PIl + (Y-D^a.s "h relation 

20 



was included in ~ 
numbers less th*nhe ?f°9rain for continuitv in 
the error assoí? ty Were inserted For i the eVent Mach 
- Sí*, ^lerable? 

. ^ii that is nepciori ■!»* j.u 
Point aerodynamic heai ti pro9ram for blunt tin «<- r v%io?r« r p"-tlon of interno!ai6' TamJ> and time is then 00« i time, a table 

int^the^nterio^oftransfer 
° = --~ TfKr-H! 

+ (X/ 

for changli°thatamaarbÍtrary node number. This 
internal boundary of °ccur in node size/piate at2Uatl°n accounts 
conductivity with ?LZ ° ?lates' and for varíatfít aCr°SS an 
is given by" Wlth te”P«ature. The therj^™^6™! 

L. _ 

where 

r = X/kA, 

“(N) = Û0/CYAX, 

40 = time increment, and 

C = specific heat. 

Handbook of Mai-hemoe-i 

APPlled MaUeaaeic::1.^:1“;;-;;«»^»! tz and Stegum, 
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Values of r, T, a, and q are those associated with the time 
before AG is added. If this happens to be time zero, then 
these values are obtained from information supplied the pro¬ 
gram about the initial conditions of the plates and boundaries. 
The size of the time increment used in the calculations is 
supplied to the program, and should be selected initially from 

the equations 

A0 <CYX2/2k, 

A0 <(CYx2/2k) (r^M/k) 

These are relations that assure the numerical analysis does 
not violate conservation of energy. The first relation is 
the stability criteria for nodes within a plate, and the second 
is for a convective boundary. The second equation is to be 
ignored if there is no convective boundary condition, and the 
first is ignored if there is. Accuracy of temperature cal¬ 
culations is improved if a small time increment is selected. 

Knowing the surface temperature, the interior node future 
temperatures are found in succession from 

T (N) 
next 

= a(N) { 
T (N) _ 2T(N) 
ÕWT " rTN+U+r (NT 

2T(N+l) 

fW+D+r (N) 
2T (N-l) . 

f CKI-l)+r(NH 

And when the right-side boundary is reached, 

T(N) 
next 

2a(N) { 
T (N) _ 2T(N) ^ 2T (N-l) 
2a (N) "r (N-lJ+r (N) 'fTN-1) + Y (N) q }• 

Once the complete set of future temperatures is defined for 
all nodes at any given instant of time + AG, the rate of heat 
input at the boundaries is calculated from the gradient, AT, 
across the first two nodes. 

q = (kA/X)AT, 

and the total heat put into the system is found by continuous 
summation 

Q = ^initial + • 

The printout for this program is included on pages 23 
through 33. 
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OECKl - EFN SOURCE STATEMENT - IFN(S) 

C 
C 

C 
c 

c 

NE DIMENSIONA«. TRANSIENT HIAT TRANSFER ANALYSIS INCLUDING THE 
FFECTS OF VARIABLE THERMAL CONDUCTIVITY. 

CORMON NE«IO)»CONIAt10)»T(2000)|X(IOI»AI 101 » R«10001 » 
TIMEII200)»TIMIO(100)«COEFII200)tCOEFO«100). 
TAMBI(200).TAMBO«100).ZETA«10).TE(200).ACH(200).CP«10). 
IBUF«1000).XARRAY« 300)»YARRAY« 300)»Hl 200).V(200)* 
TIN« 20001.TAM BV(200). TEA1200). TAMBOV (100)» 
N.KN.NFIN.IO» END.OEL»TIME»QI»00.0»TAMB.TNEXT.COHT, 

CALL PLOTS (IBUF,1000.6) 
CALL PLOT (0.5,0.5.-3) 
KLM > 0 

8 REA0(5,9) NUMBER 
9 FORMAT«II) 

11 MR!TE(6,12I 
12 FORMAT«1H1.31HCNE DIM. HBAT TRANSFER ANALYSIS) 
13 REAOIS,15) 
15 FORMAT(60H0 A DESCRIPTION OF THE CASE GOES ON 4 CARDS. 

1 /60H BEGIN WRITING IN COLUMN 2 
2 /60H 
3 /60H 
4 ) 
MRITEI6.15) 
MRITE(6,16) 

16 FORMAT(1H0.52HUNITS FOR THE INPUT VARIABLES ARE AS FOLLOWS... 
1/1X,59H0IMENSIONLESS- (KN.NFIN.JIN,JOUT.NTRY.NTRA, 
1/IX.59H NCASE«IFIN.NAERO,IZ.RONE.NE.ACH.CM.P) 
1/1X.59HS-(DEL,TIME!,SEC,TIME I,TIMED) 
1/1X.59H0EGREES F> (T2ER0.T.T«l),T(N).TAMBI.TAMBO.TE,T(NFIN).TSMPL) 
1/IX,59HFT- (H.HZERO.X) 
1/1X,59HFT**2.0- A 
1/IX.59HFT/S- V 
1/IX.59HBTU- (CTOI.QTOO) 
1/1X.59HBTU/SM (OIN.OOUT) 
I/IX,59HBTU/F*FT*42.0- CP 
1/1X,59HBTU/S*FT4F> CONO 
1/LX,59HBTU/S*F*FT»*2.0- COEFI WHEN NAERO IS 0 OR SMALLER 
1/1X,59HBTU*F**P/S*F*FT**2.0> COEFI WHEN NAERO IS GREATER THAN 0 
1/1X.SBHNHEN A COEF TABLE IS INSERTED TAMBI.TAMBO,TE ARE DEGREES R) 

INPUT STATEMENTS 
LIMITING AND IDENTIFYING CONSTANTS 
20 REAOIS,21) KN,NFIN,JIN,JOUT,NTRY,NTRA,NCASE,IFIN,NAERO,IZ 
21 FORMAT«1017) 

NTRE - NTRY 
22 F0RMATI6E12.6) 
23 READ (5,21) KCNE 
25 REAOIS,26) (NE(K),K-l,KN) 
26 FORMAT(11 IT) 
HEAT,TIME,ANO ATMOSPHERE VALUES 
27 REAOIS,22) CEL,T IMEZ,0700,0701, SEC 
28 READ (5,22) 0»TZERO,PZERO,HZERO 

I FINCASE )29,29,30 
29 REAOIS,22)TSMPL 
30 TZEROW « TZERC 

TZERO - TZERC +460.0 

23 



DECK 1 EFN SOURCE STATEMENT - IFN(SI - 

36 

37 

60 

62 

56 
57 
59 

FOR THE TROPORAUSE 

initialize temperatures 
35 IF INCASE )36i36i60 

00 37 N»l.NFIK 
TIM » TSMPl ♦ 660.0 
CCMINUE 
CO TO 65 
REA0I5»22)lT(MfN"l*NFINl 

00 62 N-l.NFIN 
TIMN» « TIM 
TIM ■ TIN) ♦ 660.0 
COKTINUE 

THERMAL CONDUCTIVITIES 
65 00 50 K«1,KN 

REA0I5.22) ICCM JfKI » J»I»3) 

NOOE^SIZES^ANO SPECIFIC HEAT X DENSITY ICP) 
55 00 59 K«1,KN 

REACI5»56)XIK)»AIK)»CPIKI 

FORMAT I3E12.6) 
ZETAIK)»OEL/ICPIK)*AIK)*XIK)1 

CCMINUE 
BOUNDARY CONDITIONS 

IF!JlN)60t61«70 
60 REAOI5 t2i! IT 11 ) 

Tl - Till 
TUI • TUI ♦ 660.0 

STAGNATICN2P0INT HT ST AR CALCULATIONS 

61 READ^SUôIItÎmeÎiJI.HI JltVI JltJ-itKONE) 

DO 66 N-l.KCNE 
CALL HTSTAR 
CONTINUE 
GO TO 69 

ReÍoI3»56IItÍÍeH JI»COEFIlJI»TAMBHJ)»J«ltNTRV) 

FORMAT I5E12.6I 
REA0I5 * 22ICP » P 
GO TO 72 
REA0IS.22IQIN 
DO 76 J»1,NTRY 
TAPBYIJI ■ TAPBIU) 
IFINAERC)76t76»73 
TEA!J) » TEIJ I 
CONTINUE 
IF IJOUT175*80 #B5 
READI5 • 22 IT INF Ifl I 
TNFIN « TINFIM 
T INFINI ■ TINFIN) ♦ 660.0 

REAO?S(56 II TI PEO UI.COE FOlJI*T AMBOIJ I.J *1 » NTRAI 

30 81 J«L»NTRA 
TAPBOW IJ) ■ TAPBOIJI 
TAPBOIJ) ■ TAPBOIJI ♦ 660.0 

62 

66 

65 
66 

67 
68 
69 

70 
72 

73 
76 

75 

80 

24 



OECKl - EFN SOURCE STATEMENT - IFNIS) • 

81 CGfcTINUE 
GO TO 90 

85 READ'S,22)0CUT 
90 QTCTO-QTOO 

QTCTI-OTOI 
TIFE-TIME2 
SEU-TIM8-.19CEL 
TAI - 0.0 
TAC - 0.0 
TAIN > 0.0 
TACUT - 0.0 
CI » 0.0 
CO > 0.0 
I0>1 

C PRINT OF uATA CARDS 
490 WRITE(6*491) 
491 FORMAT I///IX,41HDATA USED IN THE PROGRAM ARE SHOWN BELOW.) 
500 WR!TE(6,501) 
501 FOR MAT(1H0,5X •2HKNI3X,4HNFIN,4X,3HJIN,3X,4HJ0UT,3X,4HNTR V,3 X,4HNTR 

1A,2X,5HNCASE,3X,4HIFIN,2X,5HNAER0,5X,2HI2) 
505 WRITE 16,506)KN,NF IN,JIN,JOUT.NTRE,NTRA,NCASE, IFIN,NAERO,IZ 
506 FORMAT11017) 
507 WRITEI6,508) 
508 FORMAT! 1H0,3X,4HK(JNE) 

WRITE!6,509IKCNE 
509 FORMAT!17) 
510 WRITEI6,S11). 
511 FORMATi1H0«2X,5HNE!K)) 
515 WRITEi6,S16)INEIK),K>l,KN) 
516 FORMAT(1117) 
520 WRITE(6,521) 
521 FORMAT(1H0,9X,3H0EL,7X,5HTIME2,8X,4HQT00,8X,4HQTOI,9X,3 

1HSEC) 
524 WRITE(6,525)0EL,TIMEZ,QTOO,QTOI,SEC 
525 FORMAT(F12.3,4F12.2) 
526 WRITE(6,527) 
527 FORMAT(1H0,11X,1HD,7X,5HTZER0«7X,5FP2ERO,7X,5HH2ERO) 
528 WRITE(6,529)0,TZEROW,PZERO,HZERO 
529 FORMAT(F12.3,3F12.2) 
530 IFINCASE)550,550,531 
531 WRITE(6,532) 
532 FORMAT!1H0,8X,4HT(N)) 
533 WRITEI6,534)(T1N(N),N«1,NFIN) 
534 FORMAT(6F12.2) 
550 WRITE!6,551) 
551 FORMAT!1H0,6X,5HTSMPL) 

WRITEI6,S89)TSPPL 
WRITE(6,552) 

552 FORMAT!1H0,4X,8HC0NIJ,K)) 
553 WRITE!6,554)((CON!J«Kl,Ja1,31,K«l,KN) 
554 FORMAT(3F12.6) 
580 WRITE(6,581) 
581 FORMAT(1H0,8X,4HX(K),8X,4HA(K),7X,5HCP(K)) 
582 WRITEI6,583)(X(K),A(K),CP(K),K>1,KNI 
583 FORMAT(2F12.6,F12.2) 
585 IF(JIN)586,591,671 
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CECKl 

586 
587 
588 
589 
590 
591 
595 
596 
597 
598 
599 
600 
620 
621 

- EEN SOURCE STATEMENT - !FN(S) - 

SURFACE TEMPERATURE) 

NR I TE(6 t587) 
FORMAT(1H0»27HAPPLIED 
NRITE16|589)T I 
F0RMATÍF12.1) 
GO TO 680 
IFIKONE )595f595t625 
IF(NAERO)596» 596(620 
NRITEI6,597) 

SSííSíít8»;!». 
GO TO 680 
WRITE(6,621) 

lt6FACH( JM ,4X ,8HTIMEI< J,,4X,8HC0EFI( J,»4x»8HTAMBHJ)#7Xt5HTE( J),6X 

623 FOR¡AT(FÍ2!¿¡R5!í¡^;2°fEI<J,,TAMBV,J,*TEA«J>»ACH(J)tJ-lfNTRV) 
625 IF U0NEJ650 , 650,6 2 6 
626 NRITE(6,627) 

WRITE(6,651) 

uS, rfi *iM0' iox*2HCMt hx, iHP ) 
MRITEI6,653)CP,P 
FORMAT(2F12.3) 
GO TO 680 
WRITE(6,672> 

672 FORMAT(1H0,9X,3HQIN) 
673 WRITE(6,589)C IN 

IF(JOUT)681,690,698 
HRITE(6,682) 
FORMAT(1H0,5X,7HTINFIN) ) 
MRITE(6,589)TNFIN 
GO TO 750 
NRITEI6,691) 

iS SS;:¡sSr¡:s::;í:;s::K!''' 
GO TO 750 
NR ITEI6,699) 
FORMAT!1H0,6X,4HQ0UT) 
NRITE(6,589)CCUT 
NRITE!6,751 ) 

FORMAT! IMO^SnCAUUCATIONS FROM THE PROGRAM 

00 600 1^1,IF IN 
FACT-I 
00 105 N»1,NFIN 
CALL PROP 

105 CONTINUE 
TIME-TIME*0EI 

TEMPERATURE calculations 
NODE I CALCULATIONS 

N» 1 
00-1. 

629 
650 
651 
652 
653 
654 
671 

680 
681 
682 
683 
684 
690 

693 
694 
698 
699 
700 
750 
751 

100 
ARE SHOWN BELOW) 
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CECKl 
SOURCE STATEMENT IFN(S) - EFN 

120 
125 

130 

150 Q«( 

155 
160 

IF(JlN)200»120tl50 
ENC—l. 
CALL INT 
Q-COHT *(TAMB -T(1)»AA(1I 
0I»0. 
QIK-Q 
CI-COHT 
TAI«TAMB 
TAIN » TAI - 460.0 
CALL TEMP 
CONTINUE 
GO TO 160 
Q«CIN 
QI-O. 
CALL TEMP 
T(1)«TNEXT 

C ThrOUGH (NFIN-11 CALCUL AT IONS 
ZOO QaQ. 

QI«l. 
00« 1. 
NFINM-NFIN-1 
DO 205 N«2,NFINM 
CALL TEMP 
T(M«TNEXT 

205 CONTINUE 
C NODE NFIN CALCULATIONS 

N«NFIN 
0I«1. 

IFIJOUT)285,220,250 
ENC»*l. 
CALL INT 
0»C0HT*(TAMB«T(NFIN))*A(KN) 
00*0. 
CO«COHT 
TAC-TAMB 
TACUT » TAO - 460.0 
CALL TEMP 
QOLT«0 
CONTINUE 
GO TO 260 
O-COUT 
00*0. 
CALL TEMP 
TINFINI-TNEXT 
00 270 N*1,NFIN 
TIMNJ * TIN) - 460.0 

--- CONTINUE 
C HEAT CALCULATIONS 

285 IF(JIN)290,300,300 
QlN*(T(l)-T(2))/((R(l)tR(2))/2.) 
IF(JOUT)301,305,305 
NM.NFIN-1 

DQ*QIN*Ôbl ^FIN* Rt NFÍN)♦RINM ) )/2.) 

otcti*ototi+cc 
DO*OOUT*OEL 

220 
221 

230 

250 

255 
260 

270 

290 
300 
301 

305 
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CECKl 
- ERN SOURCE STATEMENT - IFNCSI - 

«JTC TO=OTQto+CC 
DATA PRINT OUT 

1*12 )315»3l5t310 

t"‘nsfe" coef-’i,’‘ 

KJA^kja+I ÍNiTAOUT,CI»COt0IN»OOUTfQTOTI»OTOTO 

XARRAY(KJA) ■ TIME 
YARRAY(KJA) «T(IJ- 460.0 
FORMAT (12E10.3) 
WRITE(6,322) 

lllFNODÊ^TÉÍp^SxaiHNOOE^TFMp1^006 TEMP* »3X • HHNOOE TEMP.f3x 
2»»SXflinNOOE TEMP.) »»3X, llHNOOE TEMP.,3x,HhnODE TEMP* 

1,NF IN ) 

320 
321 

323 
324 

380 
400 

TEMPERATURE VS FLIGHT TIME. 

401 

MRITE(6t324)(NtTlN(Nl,N 
F0RMAT(8(I5,F9.3 ) ) 
SELL»TIME-.1* CEL 
CONTINUE 
CONTINUE 

CALCOMP PLOTTING CF NODE 1 
ICJ » KJA ♦ I 
ICK * KJA +2 

fí.L.L 5ííLE(XARRAY*6.0,KJAtl) 

'»í!¡.í?!cm;0'(>-0,15ht,me ,n 

»ÍJcJí:;2ÍS;;;?¿;;í5h,e",,e»*'“«e 

ÍÍ.L.L c!l!ilÄX4RRAY,YARRAY*KJAt 1,0,0) 

CAÍt PLCT?Í.¿,ló!¿!:3,,0-2l'20HSUR,:ACE TEMPERATURES,0.0,20, 
KLM - KLM ♦ I 
IF ( NUMBER - K LM )401,401,8 
CALL PLCT (12.0,0.0,999) 
STCP 
ENC 

SECONOS,-15,6.0,0.O» XARRAYIICJ,, 

IN FAHRENHEIT,25,9.0,90.0,YARRA 
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0ECK2 * EEN SOURCE STATEMENT - IFNI SI - 

SUBROUTINE PROP 
PROPERTY CALCULATIONS SUBROUTINE 

comoi. >01.1120001,«1101,»1101,mioooi. 
JIFEII200)tTlMEOI1001tCOEFI(200)«COEFOI1001 

00 15 K-l.KN ,NAER0,NTRV’Nm»0'K0NE»PZERO»H«R0,T2ERO 

IFINEIK)-N)15i20t20 
COATINUE 

RETURN 
ENC 

10 

15 
20 
25 
♦5 
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CECK3 EFN SOURCE STATEMENT IFNIS) 

C 
SUBROUTINE 

INTERPCLATING 
COMMON 

2 
3 
A 
5 
6 
7 

PCLVNCMIAL SUBROUTINE (USING AIKENS METHOD» 
NE (1C) »CONIAt 10» »T(2000)• XI 10liA(10)«R( 10001*• 
TIMEII200I.TIMS01100 »tCOEF11 200»»COEFOI100)• 
TAMBII2001.TAMBO!100 It ZETA 1101.TE 1200)»ACH1200)tCP 110) 
IBUF(IOOO)tXARRAYI 3001 »YARRAY1300)»HI 200)»VI200I» 
TIM2000I»TAMBY(200)»TEAI200) »T AMBON 1100) » 
N,KN,NFIN, IO.ENO,OEL»T!ME»QI»OOtQ»TAMB,TNEXT^OHT, 
P»C MtNAERO»NTRY»NTRA»0»KONE» PZEROtHZERC » TZERO 

OI PENS ICN YIA )»YF(4)»YI(4»4) 
I«IO 
I M«0 
I P»L 

» 

L-ATRY 
9 IFIENC)lOt10 » 7 
7 L-ATRA 

GO TO 11 
10 IFITIME-TIMEI(I))12»20»30 
11 IFITIME-TIMECII)I12»20»30 
12 IP«I 

IF!I P-1M-2»60»13*13 
13 I-I-l 

GO TO 9 
20 IF(END )21»21 * 22 
21 COFT«COEFI(I) 

T APB*T AMB111 ) 
IF(NAER0)210.210.211 

211 TEE»TE(I) 
ACFE-ACHlIt 
GO TO 300 

22 COFT«COEFO(I) 
TAPB-TAMBOI1) 
GO TO 210 

30 IM«1 
IFIIP-IP-2160.32.32 

32 I«l*l 
GO TO 10 

60 IF!IM-2)61.61»65 
61 K-l 

GO TO 72 
65 IF ( I!**I“1 )70. 66.66 
66 K « L-3 

GO TO 72 
70 K-IM-1 
72 K1«R*1 

K2«K*2 
R3«K*3 
IF(END)73.73.100 

73 X1«TIME1(K) 
X2>T!MEI(K1) 
X3*TIME 11K2) 
X4-TIMEIIK3) 
IO«IM 

80 IFINAERO)81.81.82 
81 MC«2 
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0ECK3 EFN SOURCE STATEMENT IFNtS) 

60 TO 8S 
82 MC-A 
85 00 90 J>K*K3 

I-J-Ml 
Yin» n-coEFiu» 
YnZfll-TAMBUJi 
IF(NAEROl90*90*8T 

87 YU3.II-TE1J» 
VI(4|I)>ACH(J) 

90 CONTINUE 
CO TO 200 

100 X1«TIME0(K) 
X2>TINE0(K1) 
X3»TIME0<K2> 
X4>T1NE0<K3) 
10* IN 

101 MC*2 
00 110 J*K»K3 
I*J-K*1 
YHl»n«COEFCI JI 
YI(2*11*T AMBO (J) 

110 CONTINUE 
200 Z-TIME 

00 215 M»1*MC 

205 

215 
220 

225 

300 

00 205 J*lf4 
YIJI»YHM,JI 

Zl*IvCn9U2-ZI-Y(2)*(Xl-ZII/IX2-Xl| 
Z2*Ivm*IX3-Z»-Y(3»*IXl-Z))/(X3-Xl) 
Z3*IVI11<lX4-Z)“V14) *(X1-Z)1/1X4-X11 
Z4* CZI*1X3“Z)*Z24(X2-ZI)/(X3-X21 
Z5*IZ14IX4-Z)-Z3*(X2-ZI)/CX4-X2l 
F»IZ4*IX4-Z)-Z5*(X3-Zn/lX4-X3) 
YF(Mt«F 
CONTINUE 
CONT-YFÍl» 
TAFB»YF(2) 
IF(MC-2)2101210« 225 
TEE-YFC3) 

TSTAR*0»54(T(1)*TEE)*CM*TEE*ACHE*ACHE 
COFT»COHT/«T$TAR**P) 

210 RETURN 
ENC 
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CECK4 
- efn SOURCE statement - 

IFN(S) - 

subroutine temp 
temper;ture SUBROUTINE 

2 TIME?(20oÏÎTIMEoll0o?0COEF}^ * rIiOOO), I T^BI<200),TAMBO 100 «00,,C0EFP‘100), 

IBUF(IOOO),XARRAY(300)tYARRAYÍ30oí ACH<200,,CP*l0,* 

ionh.n-, P'c>'N‘£»o-^«''.NrM:D,,^':;^«;S;j|»T.C0Hr. 

NP* N*1 
2*1 . 
00 H k*i,kn 
IF(NE(K)-N)lI,i2,l2 

H CONTINUE 
}? 1FIN-I)13,i3f 1 = 
13 Z*. 5 

RM*0 . 
NM* I 
GO TO 19 

15 ^*2./(R<NM)*R(N) ,*0I 
IF(N-NFIN)19»16,16 

16 Z*.5 
RP*0. 
NP*NFIN 
GO TO 20 

?|>’2!/(R(np,*r1N))*00 
20 Cl* Z/ZETAIK)-RM-RP 

C3*RP 
04* RM 

RETURNZETA(K,*(T{N,*Cl + T(NP,*c3*T(NM )*C4+0)/2 
ENC 
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CSCK5 

SOURCE STATEMENT - 
efn 

C 
C 

;•íï¾:afs^if*í5ôîr:Ä<¾^Ä;"',o,’ c f 
‘IS 

ST *CHÍri,^!;c'-í‘'«,'"°.. 

go To 20 1'2*AChllH>**2.0)**3 c,a# 
*0 PAMBI » PAIR*/, n 3*5,*,6«0/TTT)**2.5 

TE (hl¡ s TAMR f / à i 
return rAMBIiM 
ENC 
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APPENDIX B. DATA DECK PREPARATION 

Preparing data for the transient heat transfer program 
requires consideration of the 45 distinct variables summarized 
in figure B-l. Not all of these are actually used, nor do 
they all have the same format. Some variables are 17, while 
others are in E12.6 format. However, F12.6 may be used where 

desired in place of E12.6. 

The variables that are used in the program depend upon 
the type of boundary conditions being considered. In 
following sample problem, aerodynamic heating on the olunt 
tip of the SIF (Short Intrusion Fuze) during the flight of a 
175-mm projectile is of interest. The information that must 
be made available for this data deck are: diameter of the 
blunt tip, initial temperature of the material, the atmospheric 
temperature and pressure at the launch site, elevation of the 
launch site above sea level, thermal conductivity, specific 
heat and specific weight of the nose cone material, an 
ballistics data; that is, flight time, velocity, and altitude 

above launch site. 

The manner in which each of the 45 variables is considered 
in preparation of the data deck for the SIF flight is shown 
in the following pages. The first card to be used is NUMBER. 

NUMBER: This card describes the number of different 
data decks that are to be attached to the pro¬ 
gram deck at the same time. Values of integers 
from 1 to 9 may be written in the first column. 
Numeral 1 is used for this program. 

The next four cards are used to describe the case under 
study; blank cards must be inserted if fewer than four cards 
are used. Positions 1 through 60 may be used. For uni¬ 
formity in appearance of data printout, begin writing in 

column 2. 

The sixth card presents values for the variables KN, 
NFIN, JIN , JOUT, NTRY, NTRA, NCASE, IFIN, NAERO, IZ. An 17 
format justified right is used. 

The number of sections is the number of inde¬ 
pendent plates being heated. The possibility of 
11 plates has been programmed, but the blunt tip 
of the SIF nose cone is imagined to be composed 
of two plates as shown below. One plate is the 
nose cone material, and the other is the foam 
potting. For simplicity, the widths and areas 
of the two sections are made equal. 

KN: 

PRECEDINS PASE BiW 
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NFIN : 

JIN: 

JOUT: 

NTRY : 

NTRA: 

NCASE: 

IFIN : 

SECTION #1 

20% GLASS FILLED 
MODIFIED 

POLYPHENYLENE 
OXIDE NOSE 

CONE 

SECTION #2 
24 LB/FT3 

POLYURETHANE 
FOAM POTTING 

^enCIIFPOi1rrgt^nei^aSrttiSeUrd,inSide 
dition for thl pl.ÍêSoíaíhe'ríghtbsWdai^ C°n' 
taken to be a perfect insulator. This is 
pressed in the program as constant heat flux' 
of zero magnitude. Thus, JOUT = 1 is used 

KM a: s" “l" 
program using ballistic data, otry Í 0 

The boundary condition on the riaht niai-o 
constant heat flux, so there a£e9S enríes for 

OTM0°no?°tl0n table at this boundary“ 1 

pos sibil ity^tha^there iiTaiTinUiaiT the 
distribution within the note œtt tt íh"paraíure 

perature^is Su^t 
integer may be used. NCASE = 0. y negative 

No convection 
data deck, but 
When the total 
divided by the 
be used by the 
calculations, 
be studied is 

tabue-.?‘® to be included in the 
a ballistic table will be 
time span of this table is 
size of the time increments to 
program in making temperature 

the number of time increments to 
efined. As will be shown later, 
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the time span of the ballistic table is 24 sec 
and the time increments are 0.02 sec. IF1N = 1200. 

Note that had time not begun at zero, as is the 
case with rocket sled calculations, then 

IFIN = (Timef^nal - Timein^t^al)/Time increment. 

NAERO: This variable prepares the computer for the type 
of convective heating that is to be encountered. 
For the 3IF, aerodynamic heating is of interest; 
hence, zero or any positive integer may be used. 
NAERO = 0. 

IZ: In order to observe temperature variations closely 
at the beginning of the transient heating, the 
program provides for two types of data printout. 
The first set is a number (IZ) of printouts at 
the short time intervals (DEL) selected for the 
program temperature calculations. The manner 
in which DEL is initially selected is discussed 
later. After IZ printouts are accomplished, 
larger size time increments are used in all re¬ 
maining printouts. The size of the larger incre¬ 
ments is specified by the variable SEC, as will 
be shown later. For the SIF program, 75 is 
usually specified for IZ to assure that a smooth 
graph will be obtained in the vicinity of the 
maximum surface temperature. For the sake of 
saving space in this report, IZ = 3 is used. 

Sometimes, as in the case of the rocket-sled 
calculations, it is desired to have the last 
printout in the data output to occur at a 
particular instant of time; that is, at the 
last time listed in the ballistics table or the 
heat transfer coefficient table. In such an 
instance, the values selected for IZ, DEL, and 
SEC are interrelated by 

Total Time = IZ(DEL) + M(SEC). 

All values in this equation are known but M, and 
the only requirement for selecting values of IZ, 
DEL, and SEC when the Total Time is given is that 
M be an integer, since the computer cannot have 
a fractional number of SEC size printouts. 

The seventh card in the data deck is KONE; the format is 
17 justified right. 
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KONE: anisties tables for the 17 5-nun projectile 
usually list flight data in 1-second increments. 
This means that for a time span of 24 sec be- 
ginning at zero time* there will be 25 entries 
KONE = 25. 

Card number 8 is NE. The format is 17 justified right. 

NE: The last node in each section must be listed so 
that the computer can assign the proper material 
properties in the temperature calculations. 
Eleven possible listings can be made, but for 
the SIF only two are required (8, 16). 

F1u*- or.E12*6 format must be used in all remaining 
Th® ch°ice is one of convenience and familiarity. 

1^atlnST ÍS alwayS to the ri9ht* Card number 9 requires 
values for DEL, TIMEZ, QTOO, QTOI, SEC. 

The boundary condition of interest for the SIF 
calculation is one of aerodynamic heating; hence, 
the stability criterion is 

A9 < (CYXV2K) (r;^) , 

where for 20-percent glass-filled modified 
polyphenyiene oxide SIF nose cones at room 
temperature 

C » 0.28 btu/lb-°F, 

Y - 75.5 lb/ft3, 

k = 26 X 10“6 btu/s-ft-°F; 

and 

X = plate thickness/(#NODES - 0.5 NODES) = 

0.125/(8-0.5)12 = 0.001388 ft, 

h = (1/2) Btu/sec-ft2-°F is assumed as an 
exaggerated value for the sake of this calculation. 

Substituting shows 6 < 0.03 sec; hence, to improve 
accuracy a smaller vaTue is selected; that is 
DEL = 0.02. ' 

TIMEZ: The time at the start of the transient heating 
is 0. TIMEZ = 0.0 (note that the decimal must 
be included in all remaining data). 
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QTOO: No heat is assumed to have been withdrawn from 
the SIF prior to launch; hence, QTOO * 0.0. 

QTOI: No heat is assumed to have been added to the 
SIF prior to launch, QTOI = 0.0. 

SEC: The size of the printouts after the first IZ 
prints is usually set at 1 sec, but 0.6 sec was 
used for this text so that a printout would be 
obtained for 0.66 sec, which is known from more 
detailed printouts to be the time of maximum 
surface temperature. 

Card 10 requires values for D, TZERO, PZERO, HZERO. 

D: The diameter of the nose cone tip is 0.5 in./12 » 

0.042 ft; D = 0.042 . 

TZERO: The atmospheric conditions at the launch site 
are taken to be those listed in STANDARD AT¬ 
MOSPHERE tables. For sea-level temperature 
this is 57°F; TZERO = 57.0. 

PZERO: The standard atmospheric pressure at sea level 
is 2116 lb/ft2; PZERO = 2116.0. 

HZERO: The launch site is 0 ft above sea level; 
HZERO = 0.0. 

Note that only flights below the tropopause may be 
considered when values on this card are specified. 

The eleventh card to be used is TSMPL. 

TSMPL: The variable NCASE was set equal to 0 to show 
that there was no initial temperature distribution 
in the nose cone before launch. The value of the 
uniform temperature of the material is then taken 
to be 57°F; TSMPL = 57.0. 

The card that describes the initial temperature gradient 
within the nose cone is omitted, if it were included, only 
11 nodes within the system must be used to describe the 
gradient. " " 

Cards 12 and 13 describe the manner in which thermal 
conductivity varies with temperature. A separate card is 
provided for each section (plate) in the system. The variables 
are COND (1,J), COND (2,J), COND (3,J) where J is an integer 
depicting the section being considered. For the SIF, J may 
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have 1,2 as values. The first listing describes the first 
plate (that is, the nose cone), and the second listing de¬ 
scribes the foam potting. The relationship of the three 
COND variables to thermal conductivity and temperature is 

k - COND (1,J) + COND (2,J)/T + COND (3,J)T. 

No variation with temperature is included in the SIF 
calculation, so the data inserted for GFN-2 and 24 lb/ft3 
polyurethane foam are: 

COND (1,1) = 26 X 1(T6 COND (2,1) = 0.0 COND (3,1) = 0.0, 

COND (1,2) = 8.6 X 10"6 COND (2,2) = 0.0 COND (3,2) = 0.0. 

The units for conductivity are Btu/sec-ft-°F. Note that 
the constant which is independent of the temperature is listed 
first on the card, so listings for the other constants could 
have been omitted. 

Cards 14 and 15 describe the dimensions and properties 
of the sections. One card is provided for each section, and 
the variables are X, A, CP. 

X: 

A: 

CP: 

The length of each node depends upon whether or 
not a boundary plate or an interior plate is being 
considered. For the SIF problem, two boundary 
plates are of interest; hence, 

X “ è NODES -Ô.5 NODES = (°*125)/12 (8 - 0.5) = 

0.001388 ft. 

This same value is used for both sections since 
they are of equal widths and nodes. 

The areas of the two sections are also equal and 
are found from 

A = ttD2/4 = 3.14 (0.5/12)2/4 = 0.00136 ft2 

The product of specific heat and specific weight 
is different for the GFN-2 section and the 
24 Ib/ft3 polyurethane foam. The values are 

CP = (0.28)(75.5) = 22.6 Btu/°F-ft3, 

CP = (0.26)(24) = 6.2, 

respectively. 
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Su&SF ^ - - 
a tablets ^l\^rTe'í£TaZt¿S. ^ ^°°° t0 

aero^ynLic ¿^“oon^antj/^he^ar^bíes^rcm.p. 

cm: 

pointheating on the blunt tip oí the SI^9 °n‘ 

This is an exponent to T* in h calculations 
shown in appendix A. For stagnation-poinï 
heating on the blunt tip of the SIF, p = 0.069. 

boundTahty0c“nduLtntírotneQof c^ctíon b^?US% 
right-side boundary condition is a oerf^r^iv ^adl®tlon* The 

tableare Ser^o^^l?^^ 

Card 42 is QOUT. 

P: 

QOUT: 
To describe a boundary on the right side a«5 nno 
Of perfect insulation, the conation is steteS 

QOU?"n?.S!nStant heit £1UX °f z“° magnitude? 
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APPENDIX C. COMPUTER PRINTOUT 

For each case studied the computer begins the printout 
at the top of a page with a statement of the program title 
followed by a description of the case and a listing of units 
of variables. Data inserted into the program are tabulated 
and then the computer calculations are listed. 

The variables studied are listed as TIME, AMBIENT TEM¬ 
PERATURE, HEAT TRANSFER COEFFICIENT, HEAT-TRANSFER RATE, and 
TOTAL HEAT. A line is skipped, and then the units of time 
are listed as SECONDS, and statements are made that the 
INLET and OUTLET boundary conditions are described. Values 
for the variables are listed on the next line in E format. 
A line is skipped and eight statements of NODE TEMPERATURE 
are listed.- On the next line, the number beneath the word 
NODE identifies the node being discussed; the number beneath 
the word TEMPERATURE is the temperature in degrees Fahren¬ 
heit, F format, calculated for that node. A line is skipped 
and the variables studied are listed again. The numbers 
provided in this new section are part of the three IZ print¬ 
outs called for with DEL = 0.02 size time increments. Once 
the three printouts are completed all remaining printouts 
are SEC = 0.6 time increments. The printing is continued 
until the time span listed in the ballistics table is com¬ 
pleted. A graph of surface temperature variation with time 
is shown in figure C-l. 
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APPENDIX D. ROCKET SLED CALCULATIONS 

Figure D-l shows the variation of surface temperature 
on the SIF tip during approach to the rainfield. The data 
used in making the calculations is shown in the printout on 
pages 57 through 62. 
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