
4.

t.

('4<

4

4, '. 4 h TA4  ,,.

4* - ~ ;.4~Er-

'V ' -~ ~4.~'~4: Th. ~ ;-,

' '>1 46:

I

'-444

- 34

C)
ittQ, . 9 4

A-. -



pn ci o. :.f~tb~a
N-If w ( ;rb/ fYtfV n

,cqy



Best
Available

Copy



UNCLASSIFIED______
SECURITY CLASSIFICATIO, OF T.11 PAGE I" Pat. #-'-~d)

REPORT DOCUMENTATION PAGE 1IRA1V IN1STRUCTIONS
____________________________ ________ IriORK COMP'LETING FOW.A

I EPORI NUMBER GO 6ACSION NO RCLET AAbGNUF

HDL TM 81 4TAL01N"E
A. T.TL& rd"AobH"t.Y TYPE or REPORT S P E;.00 CQEf

I Performance ot the Fluidic Power Supply for thie Technical Memorsndum
XM445 Fuze in Supersonic Wind Tunnels s PERrORMdI.G ORG REPORT NUMSCR

7AUTHOR(.) 8CONTRACT OR GRANT NUMBER(.-

'~ Richard L joodyear
Henry Le.p

I PERFORMING ORG-'NIZAIION NAMIE AND ADDRESS 10 PROGRAM VLEMENT PROJECT 'ASK
Harr DimondLauratoiesAREA & *OqI( UNI1T NUMBERS

Harr DiaondLau'atores rogram Ele 6 33 03 A
2800 Powder Mill Road
Adeipihi. MID 20783

I I CONTROLLING OFFICE NAME AND ADDRESS - VX-9.~RA1_ATE

Project Manager. Multiple Launch Fbl~
Rocket System13_MZQPAE

Redstone Arsenal, AL 3581)9 25_________
4 JONITORING AGENCY NAME II ACroiiiSSO dUifernt I-0 Coottoiih, 'f11 ,EGUT4 ASS (a tIve.P~onl)

16 OiSYRIBUTION S-ATEI4ENT (aithl.Ropoet)

Approved for public e!ease, distribution unlimited

17 CISTRIBUTION STATEMENT (f~' the absiract er,fredin Block 20. it ditfo.,.az froot Itppn)

16. SLOPLEM^NTARY NOTES

DRCMS Code 6433035640012I 1DA Project- lX4633J3D564
HDL Proect 424dE'6

i9 KEY WORDS (GoatI,,.. re-.* olds, 11-nc-ary stuf Id-oiily bir b~caa n.at.bmr)

Fluidic generator Wind energy for fuze
Air driven generator Rocitet trajectory simulation
Power supply Pressure measurements at rocket nose
Rocket fuze Temperature measurements at rocket nose
MLRS

Mb ANTACI (CauEt.. maras fewer si NIW~ reie-w n Ideftity by block -04"&a)

As part ot the development of the fluidic power supply of the XM445 fuze. wind tunnel tests of different
configurations of the power supply were conducted at the Naval Surface Weapons Center in November
1979 Power supply performance and pressure and temperature measurements within the fuze were
recorded at Mach 1 .5 and Mach 5 for a range of pressures Success or failure of any given configuration
was based on degree of sensitivity at tow pressure and ability to operate at high pressure and
temperature Measurements of temperature and pressure provided new information on conditions In the
fuze

JAN~' 73 mo rIMOE SOO UNCLASSIFIED1. )
1SECuRITVY CLASMFICATtok OF ThIS PAGE (111111ss, Dore E&t,I0



CONTENTS

Page

INTRODUCTION7

2. TEST CONDITIONS, . . . . . . . . .7

3. ITEMS TESTED AND HARDWARE ........ ...... . .................. ...- 7

4 INSTRUMENTATION AND DATA ACQUISITION...............10

5 GENERATOR PERFORMANCE IN MACH 1 5 SUPERSONIC WIND TUNNEL...............10

5 1 Test Configurations.......... . ...................................... .... 10
5.2 Test Results.. ........ - ........... . ........... 1

5.2.1 Standard Generator............-.......-................................................-10
5.2.2 Standard Generator with Flow Regulators ........ .................. ....... ....... .. _1 1
5.2.3 S-2 Generator with KDI Flow Regulator ...... .... ............... .............. 13
5.2.4 KDl Production Generator....................... ......-.................................- 13

5.3 Summary ................................................. . ............................... ... 14

6. GENERATOR PERFORMANCE IN MACH 5 SUPERSONIC WIND TUNNEL.................-14

6 1 Test Configurations .......... . .... ... ....... .. . .. ..... ........ ..... ......... --14
6 2 Test Results ............. .... ........... ................................ ... .......... A 6

6.2.1 Standard Generator ..................... ................................................-16
6.2.2 Standard Generator with Flow Regulators ..................... _ ......................... 16
6.2.3 S-2 Generator with HDL Flow Deflector2 .......................................... -... 17
6.2.4 KDI Production Ganerator ............. ................................................ 17

6.3 Summary ......................... . ... .......... .. . ............................... _1

7 RESULTS OF TEMPERATURE MEASUREMENTS ... . ....... .................. 17

7.1 Mach 1 5Tunnel ........ .... ...-- 17
7.2 Mach 5Tunnel 17............... 0

8. RESULTS OF PRESSURE MEASUREMENTS .... ~ G:IS RA&I........2
Mach....... 1. Tunnel.................. 20

8.1.2 ac 1D 5 Te~unatel Fnto.............. . 20.....i

*... .20.~- .

j

8.. en rlRe ut ..... ..... .. £........ 1 I...... ....... ....... -....2
8. . D e ua o u c in.... ........... ... ....2

I3



CONTENTS (Cont'd)

Page

8.2 Mach 5Tunnel . .......... ............. ............. .. 20

9 SUMMARY OF WIND TUNNEL TEST RESULTS .. . ... ........................... ........ 21

DISTRIBJUTION- . .. ............... .......................... .................- 25

ACKNOWLEDGEMENTS........ .................. .... .... ....... ........................ 23

FIGURES

1 Multiple Launch Rocket System trajectories versus wind tunnel conditions ............... 7

2 Concept of fluidic generator flow regulator .........- ........................ .... ..... ...... .8

3 H CL flow def lector 1 ........................ ................................................ 8

4 H DL Iow def lector 2........ ............................................ ...................... 9

5 Fuze circuit with connections to power supply and instrumentation .................... . ..9

6 Locations of temperature ano pressure transducers ................................. ... ....... 9

7 Apparatus for wind tunnel tes! .............. ... ............................. .................... 10

8 Standard generator 796 wind tunnel and laboratory measured voltages as
function of dynamic pressure at ogive inlet ................................................... 11

9 Ames Research Center and NSWC wind tunnel standard generator voltage outputs
as 'Function of dynamic pressure at ogive inlet.... ...... -.......................-....

10 Fuze input voltage versus dynamic pressure at ogive inlet for three
generator contiguratoins ...................................................... ............. -12

11 Laborazory and wind tunnel data of stindard generator 796 with KDI
regulator. voltage output versus dynamic pressure at ogive inlet....... .................. 12

12 Standard generator with HOL flow deflector 1. voltage output versus
dynami-.pressure .... ........................................... ............ ...... 1

13 Standard generator 196 with KDI regulator insie large inlet ogive. voltage
output versus dynamic pressure .................................................. ......... 13

4



FIGURES (Contd)

Page

14 Laboratory and wind tunnel data of S-2 generator with KDI regulator, voltage
output versus dynamic pressure a! ogive inlet. ..-...................................------- -------.. ---- 13

15 Laooratory and wind tunnel data of KDI production generator, voltage output
versus dynamic pressure at ogie inie; (expanded scale) ...................................... i

16 Laboratory and wind tunn- ; data of KDI production generator, voltage output
versus dynamic pressure at oqive inlet .................... ............. 15

17 Multiple Launch Rocket System trajectories versus averag.3 turnoff altitude
of fuze .. ............................................... ....... 15

18 Laboratory and wind tunnel data of standard generator 790. voltage
output versus dynamic pressure at ogive inlet ...............................................................16

19 Laboratory and wind tunnel data of standard generator 796 with HDL
flow deflector 1. voltage output versus dynamic pressure at ogive inlet ................ 16

20 S-2 generator with HDL deflector 2. voltage output versus d,;namic

pressure at ogive inlet ............................................................... ......... 17

21 Temperatures recorded at Mach 1.5 for duration of run 15 ................................ ... 18

22 Total pressure at Mach 1.5 for duration of run 15 ............................................................. 18

23 Multiple Launch Rocket System M42 trajectcry prediction for worst
tem perature conditions ........................................... ...............................................19

24 Generator output frequency for run 21 ......................................................... .19

25 Temperatures recorded at Mach 5 for duration of run 21 ........................ 19

26 Pressure relationships at Mach 1.5 ................................................................................. 20

27 Wind tunnel performance at Mach 1.5 of generator 796 with KDI nozzle ... .................. 22

28 Laboratory and wind tunnel performance of generator 796 with KDI nozzie ........................ 12

29 Wind tunnel performance of KDI production generator ..................................................22

30 Pressure relaiionships at M.ach 5 ...................................... 22

31 Pressure relationships at Mach 5. enlarged scale ................................. 23

5i



TABLES

Page
I Summary of Generator Performance In Terms of Fuze Turn-On Pressure.

NSWC Mach 1 5 Suoersonic Wind Tunnel .... 15

2 Dynamic Pressure. q. at Fuze Turn-On for Recent Boeing Flights
wth Telemetry ......... ....................................... 16

3 Pe-formance of Test Configurations in Tunnel 8. Mach 5 .............. .............. 17

4 CoMparson of KDI Regulator Functions at Mach 1.5 with Laboratory Performance ...... 21

6



1. INTRODUCTION -_

~~0 nUom I 2

Wind tunnel tests were conducted at the 39 0 .I
Naval Surface Weapons Center (NSWC).
White Oak. MD. in November 1979. The pur- m[ ,,
pose of these tests was to determine the per-
formance of different fluidic gener3tor con-
figurations and to measure temperature and
pressure at designated points within the 1 0
XM445 fuze These tests and the basic con- 0
cepts and procedures were similar to those I .t", o 0
conducted in September 1978.'

2.Figure 1. Multiple Launch Rocket System

To simulate conditions at nigh altitude, trajectories versus wind tunnel conditions.

tunnel 2 was used with a fixed Mach number
of 1.5. Altitudes ranging from 9 to 21 km were
obtained by varying total free stream pres-
sure. P11, from 110 to 16.5 kPa. The squares 3. ITEMS TESTED AND HARDWARE
in figure 1 show this test region compared
with that of the Multiple Launch Rocket The items tested and their hardware are
System (MLRS) M42 trajectory. To Gimulate listed here:
conditions at rocket mctor burnout, tunnel 8
was used with a fixed Mach number of 5. Con- Standard Harry Diamond Laboratories
sequently. only the stagnation temperature. (HDL) generator 790. to act as ref-
To, and the total pressure, Pt2* behind the erence
shock wave corresponding to point 1 in figure
1 could be duplicated. Aithough To remained Standard HDL generator 796. on which
relatively constant, decreasing the free different nozzle configurations were
stream pressure permitted the matching of tested
Pt2 between points 1 and 2 in figure 1. Since
the specified temperature is normally seen for Generator with regulator produced by
only a few seconds in flight, it was necessary KDI Precision Products. Inc.
to insert the model into the stream at the
temperature and the pressure of point 1 for Brass nozzle 7 with KDI regulator (fig. 2)
5 s. remove it for 5 s. and reinsert it for 5 s
while the pressure was decreased to point 2. HDL special generator S-2. with
Actual durations were longer than 5 s due to 0.457-mm (0.018-in.) reeds. 0.127-mm
the time required to raise and lower the (0.005-in.) diaphragms, and 15-deg
model. acoustic cavity offset by 90-deg step

HDL deflector 1. with adapter to standard
nozzle (this deflector contained six

Jonathan Fox- PerfoC., e of Pa Air D"n Poer S, holes (1.22 mm in diameter) drilled
ty for P, OPS, H0h Allffe Rokt in NavAl Sur,-Ce wetpOnS through it to enhance sensitivity.) (fig.
Center Supo'sor.c Wr, Tunnel Harrv Di.mond Laboratorpes
tW~83 I (Noven-.r 190
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HDL deflector. 2. with adapter to stand- P4. at small hole drilled into center of
ard nozzle (fig. 4) cone's cavity such that measuring

point is perpendicular to and on wall
S!andard electronics bundle 416. with 6 of inside of cone (Static pressure is

m of shielded cable for output signals measured,)
(In addition to standard signal wires.
unregulated dc voltage was brought
out Access was provided to bridge
rectifier by wire identified as Vb to
facilitate calibration (fig 5) This
bundle and standard design differed)
Thermocouples (T) installed (fig 6):

TA. on top of 2N621 1 regulator tran.
sistor .,,W

TB. at center of terminal board K_

TC. at center of bottom of aluminum
can

TD. on inside wall of can near terminal I sp"

board

TE. on top of timer oscillator package

Figure 2. Concept of fluidic generator flow
Standard ogive components excep! for regulator.

dummy safety and arming (S&A) and
detona'or. thermocoupies. and
pressure taps (P) (fig. 6)

TF. in metal behind nose AIR AIR

TG. projecting into air near oase ofFOWljLO
cone

1 H. in metal near base of cone

P3. at smrall hole drilled between two /1NMS
existing exhaust holes such that CONE
measurir-g point is just at exit on
cone's surface (Static pressure is
measured.)

*Jerome Cocoerman Jodcato, a XU445 Fuze m-- NSWC
WaV ruW eSt Hatry DAfmo L,.Obaes ( Ocr Figure 3. HDL flow deflector 1.
1979:

8
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4. INSTRUMENTATION AND DATA AC- 5. GENERATOR PERFORMANCE IN
QUISITION MACH 1.5 SUPERSONIC WIND

TUNNEL

Figure 7 shows the configuration of in- 5 1 Test Configurations
struments and hardware applicable to both
tunnels Additionally. the data acquisition Five basic fluidic generator con-
system at NSWC recorded flow conditiors in fIgurations were tested in the Mach 1 5 Super-
the tunnel, direct current (dc) voltage, sonic Wind Tunnel to evaluate their voltage
pressure and temperature transducer signals. ouput characteristics as a function of
IRIG-B time code. and generator frequency dynamic pressure behind the shock wave.
Schlieren photographs were taken of different q2 The configurations are these
fuze configurations Calibration of the system
both in the laboratory and in the tunnels was a. Standard generator
similar: a signal generator introduced known b. Standard generator with KDI
signals of varying amplitudes into the fuze on flow regulator
the Vb wire while all instruments were c Standard generator witl) HDL
operated. Therefore. the signals recorded by flow deflector
the measuring instruments could be cor- d. Sensitive generator with KDI
related to actual performance of the fuze flow regulator

e. KDI production generator

The same fuze was used for all con-
figuration tests Each of the generator con-
figurations was evaluated in terms of its per-
formance at low dynamic pressures, par-
ticularly the pressure required to generate the
23 Vdc needed to turn on the fuze. Each of the
configurations was repeated in the wind tun-
nel testing to verity the consistency of the
data obtained. The wind tunnel measured
data were also compared with data obtained
in the laboratory to provide a general correla-
tion between 1he two measurement condi-
tions.

5.2 Test Results

CM 5.2.1 Standard Generator

Figure 8 is a olot of a standard
,-- generator voltage output measured in the

" "wind tunnel versus that measured in the

laboratory as a function of o%. the dynamic
pressure at the ogive inlet, The data show that

Figure 7. Apparatus for Wind tunnel t fuze turn-on voltage of 23 Vdc was achieved
in the wind turnel at a q, of 7 45 kPa (1.05 psi)

10



as compared with a o. of 6 0 kPa (0 87 psi) in laboratory. which was 8 30 kPa (1 20 Dsi)
the laboratory As Q increased. both traces Wnen the KDI flow regulator was attached 10
appear to come to the same level The NSWC the stan(ard generato., the !uze turn-on
wind tunnel fuze turn-on pressure measured pressure rreasured in the wind tunnel was
!or the standaro generator compares closely further increased to 10 76 kPa (1 56 psi) This

with earlier test data at the National Aero- represents an increase of almost 5=0 percent

nautics and Soace Administration Ames in q needed to generate 23 Vdc The tunnel
Research Center. Moffet, F-eid. CA. wind tun- data showr in figure 10 clearly indicate that
nel (fig 9) The variation in voltage output the sensitivity of the standard generator was
noted at high pressures is 6due primarily to the significantly reduced when flow regulators
reed adjustment tolerance between the gen- were ased. The flow regulators were suc-

erators cessful in reducing voltage output at higher
pressures as desired. At a q, of 20 kPa. for ex-
ample. the output was reduced from 80 Vdc

-for the standard generator to about 50 Voc
~ ,=. =nz~ with the HDL regulator. and it was reduced

Sfurther to 45 Vdc by the KDI regulator

Sol

I 1 n_ a M Oro5

Figure 8. Standard generator 796 wind tunnel 1 0 WC

and laboratory measured voltages as function ,
of dynamic pressure at oghve inlet. i

5 2 2 Standard Gen-erator with Flow 0
Regulators ' -

Figure 10 shows the effects of the

regulator on the standard generator output
perf..mance. Both the KDI and HDL flow 2 "

regulators were designed to reduce max-
!rnum voltage generated at high pressures $ * + a ,

without affecting the generator performance
at low pressures. However. the wind tunnel * 2 2 0.

data obtained show that the fuze turn-on YAC "U%
pressure at which 23 Vdc was reached was
increased .rom a a of 7 25 kPa (1 .05 psi) for a
st:.ldard generator to 862 kPa (1.25 psi) Figure 9. Ames Research Center and NSWC

when the HDL flow regulator was attached. wind tunnel standard generator voltage out-
This wind tunnel value matches closely with puts as function of dynamic pressure at ogive
the fuze turn-on pressure measured in the inlet.

11



$or the laboratory. This extra spring displacement
would create a corresponding reduction in

70 flow area with less output voltage generated
(sect 8.1 2).

~so!

0 40k

0o f the Another configuration consisted
3STDR of the standard generator with HDL flow

79 Tdeflector. The data obtained and shown in
200 O STANDARD GENERATOR . 12 indicate that there is no appreciable

WITH HDL DEFLECTOR 2 ,nce in voltage output data between this

110= O STANDARD GENER configuration and the configuration without
GATOR WITHKD the added inlet holes in the flow deflector.

I- IU .... . Figure 13 shows the wind tunnel data of
0o 5 10 IS 20 25 30 (Pa) voltage versus the q, of a standard generator

. . _ 1 _ with KDI regulator similar to the configuration
1 2 3 4 (W described earlier, but with an extra large iniet

DYNAMIC PRESSURE. q2 in the ogive nose. The data obtained show no

Figure 10. Fuze input voltage versus dynamic appreciable difference when compared with
pressure at ogive inlet for three generator sirrilar configurations in a standard ogive (fig.
configurations. 11).

o LABORATORY

0 OWIND TUNNEL
Figure 11 compares the wind tun- .

nel data with the laboratory data obtained I Jo
from the standard generator with KDI flow 0

regulator configuration. The luze turn-on
pressure measured ;n the tunnel is almost 50 Mir

percent higher than that measured in the 2

laboratory. This wide variation between _ _.

laboratory and wind tunnel data could be ex- * I Is I b U AP&)

plained if aerodynamic conditions in the tun- I 4 1 
I

nel induced a lower pressure behind the DNMC R4

regulatoi than existed in the laboratory for a Figure 11. Laboratory and wind tunnel data of
given q, at tl'.. -)give inlet. The resulting higher standard generator 796 with KDI reguiator,
pressure gradient across the regulator would voltage output versus dynamic pressure at
cause the spring to compress further than in ogl,, inlet.

12



" 5.2 3 S-2 Generator with KDI Flow Reg-
ulator

Figure 14 is a plot of both the
laboratory and wind tunnel data of a gen-
erator designed for Improved sensitivity at
low pressures, known as the S-2 generator.

too- Only slight improvement was noted in the
wind tunnel data. The fuze turn-on pressure of
9.73 kPa is about 10 percent less than the q,
of 10.76 kPa measured for the standard gen-
erator with a KDI regulator.

1 L o.LABORATORY

70 oWIND TUNNEL

so

OVhAMIC 42SSM. W40

0-
Figure 12. Standard generator with HDL fiow 0
deflector 1, voltage output versus dynamic 2o-

pressure. lO

0 5 10 Is 20 25 (kP*)

2 3 (psi)

DYNAMIC PRESSURE, q2

Figure 14. Laboratory and w nd tunnel data of
S-2 generator with KDI regulator, voltage out-
put versus dynamic pressure at ogive inlet.

5.2.4 KDl Production Generator

Figure 15 is a plot consisting of
both the laboratory and wind tunnel measured

20- voltage output as a function of q, for a KDI
production mode! generator. The data show

o dlthat a q2 of 8.83 kPa (1.28 psi) was required to
generate the fuze turn-on voltage of 23 Vdc in

*'. 3. . o,,m the wind tunnel. This indicates a 20-percent
improvement in sensitivity when compared

1 , with the nonproduction generator with KDI
YuMIc pPRujpE. q2 flow regulator. Again, the wide variation noted

between the laboratory and wind tunnel data
Figure 13. Standard generator 796 with KDI at fuze turn-on pressures was due to
regulator inside large inlet oglve, voltage out- aerodynamic effects that do not occur in the
put ,-ersus dynamic pressure. laboratory.

13



sens;cvty data in terms of tne MLRS trajec-
MO ,, = tory enveooes over whien the fuze must func-

tion Although the stand?- ' generator does
not fully meet the requirement, the addition of
flow regulators seriousy degrades perfor-
mance

S- -... Comparison f laboratory and wind
-i -- - j tunnel data indicates that for the standard

generator with HDL flow deflector, :he
Figure 15. Laboratory and wind tunnel data of measured v.iues of fuze turn-on dynamic

KDI produetio, generator, voltage output ver- prssure q. are within 10 percent. For the
sus dynamic pressure at ogive inlet (expanded same standard generator with KDI regulator,
scale). as well as KDI production generator, the wind

tunnel data ae almost 50 percent higher than
laboratory data.

5 3 Summary

The performance of the various
generator configurations evc,,uated in terms
of their sensitivity at low pressu-g is tabulated
in t3ble 1 The standard generator displayed Also from table 1. a hysteresis ef-
the highest sensitivity It turned on the MLRS fect in both the generator and the electronics
fuze at a nominal q2 of 7.25 kPa This sensitivi- causes the fuze to turn off at a lower pressure
ty was significantly reduced once flow than at turn-on. The turn-on pressures
regulators were used. The FDL flow deflec- calculated for recent Boeing Aerospace Co
tors appeared to be more sensitive than the test flights of the MLRS are shown in table 2
KDI regulator, but they also appeared to act and compare favorably with those in table 1.
linearly, reducing voltage by the same
percentage at low and high pressures.
Although high pressure data are not available
from the wind tunnel for the KDI regulator, it
acts nonlinearly in the laboratory, reducing 6. GENERATOR PERFORMANCE IN
vo!tage significantly at high pressure (fig. 16). MACH 5 SUPERSONIC WIND TUNNEL
The standard generator with HDL flow deflec-
tor turned on the fuze at a q2, of 8.62 as com-
pared with a q. of 10.64 kPa required with the 6.1 Test Configurations
KDI regulator. Wind tunnel data on the sen-
sitive generator (S-2) did not indicate that the The same configurations tested in
design was an improvement over the stan- the Mach 1.5 tunnel were tested in the Mach
dard generator as shown by the high vaiue of 5 tunnel. The primary objectives were to
q2, 9.73 kPa, needed to lurn on the fuze. The evaluate the effects of the high stagnation
single KDI production generator appeared to temperature (approximately 450 C) and
have the same level of sensitivity as the stan- pressure (maximum Pt2 of 620 kPa). as well
dard generator w;th HDL flow deflector. as the ability of the regulators to perform as
Figure 17 shows the signiticance of these desired

14
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TABLE 2. DYNAMIC PRESSURE, q,, AT nominal peak voltage over the standarc
FUZE TURN.ON FOR RECENT BOEiNG generator When HDL flow deflector 2 was
FLIGHTS WITH TELEMETRY used. the maximum voltage was 247 V for 0.1

s. and the nominal value was 200 V This
Dynamic pressure nominal value reflects a 22-percent reduction

at turn-on in maximum voltage. When KDI brass
Flight regulator 7 was used. the springs failed under

(kPa) (psi) the temperature and pressure stresses, so in-
itial voltage output was 36 V. with a drop

81 662 096 below 23 V in 2 s
B-2 876 127
B.6 7 10 103
B-8 676 098 LAM ,,T,,
B-11 965 1 4 Will Iu"M
B.14 627 091
B-16 793 1 15
B-19 936 130 I I
B-25 786 1 14,'"

SA81 13 IMF

6 2 Test Results ,-

8.21 Standard Generator
6 111Sadar Geneato

Figure 18 shows the performance Figure 18. Laboratory and wind tunnel data of
of generator 790. the dashed line reflects the standard generator 790, voltage output versus
gradual decrease in voltage as the frequency dynamic pressure at ogive inlet.
slowly rose, even though the pressure and the
temperature remained relatively constant.
Sufficient data to prepare a graph for
generator 796 were not available since the
sting on which the fuze was mounted failed to M V&"

re-enter the tunnel as the pressure was re-
duced: however, the maximum voltage from ,.
the initial period in the tunnel was 267 V for los

the first 0 1 s. with a nominal value of 225 V J

6 2 2 Standard Generator with Flow
Regulators , *- Is U N o

Figure 19 shows generator 796 OYA,,C PSSUL2

with HDL flow deflector 1 with holes. The
maximum voltage occurred for approximately Figure 19. Laboratory and wind tunnel data of
0 1 s upon initial inser'ion into the airstream. standard generator 796 with HDL flow deflec-
but the nominal value was approximately tor 1. voltage output versus dynamic pressure
255 V This reflects a 12-percent reduction in at ogive Inlet.

16



6 2 3 S-2 Generator with HDL Flow TABLE 3 PERFORMANCE OF TEST CONFIGURATIONS
Deflector 2 IN TUNNEL 8. MACH 5

Deflcto 2oahl ,g

Figure 20 shows the performance Conguraton nom:aitage

of the S-2 generator with HDL flow deflector
2 No data for the generator without a Sta"Jadg_,.-.: 2 j 2 -u

regulator are available for compar~son since 5' er go.'aln' 796

this generator was " ied to function with a
KDI regulator Thk innal peak voltage was Generaio! 96 A.:'-

125 V, a 50-percent reduction compared with HOL dce"ec'of I v oieo) 225
HDL df;ec4c'r 2 200

tlhe voltage of standard generators Never- ,<.1 r. guu. ,, Srng fa,: -
theless, the output of this generator was
noisier than others with obvious effects on the KO ptr,,,.,o,, .ee-a'a!or Spring ia.,

fuze timer S2 generato g,.;t D. egu'aio; 2 175"

ijW *Adverse efe:S O n scalar

7. RESULTS OF TEMPERATURE MEAS-
UREMENTS

40' - f ot 7 1 Mach 15 Tunnel

9hN P1111114. As c..' be seen in figure 21. the
temperatures of the nose cone metal. TF and

Figure 20. S-2 generator with HDL deflector 2, TH, follow the stagnatior. temperature, TO:
volIage output versus dynamic pressure at however, the temperature, TG. of the air in the
ogive inlet, cavity of the nose cone reflects the cooling ef-

fect of expandng the air through the system.
6.2.4 KDi Produc:ion Generator This cooling effect is eventually overcome by

the transfer of heat from the wall of the cone
Just as for bras . nozzle regulator to the turbulent air inside; the latter part of the

7, the KDI production generator aluminum test run reflects this rapid increase in air
regulator failed. The initial voltage was 27 V. temperature. Figure 22 shows that the heat
with a drop below 23 V in 0.3 s transfer was probably aided by :he decrease

in mass flow rate as the driving pressure
6 3 Summary decreased. As expected, heating in and

around the electronics can was minimal.
A comparison of the nominal, max-

imum voltages 'or each configuration in tun- 7 2 Mach 5 Tunnel
nel 8 is shown in table 3. Due to the failure of
the springs in the KD1 regulators, it was not Figure 23 provides a prediction of
possible to determine how these regulators the worst temperature conditions expected
would function during the early seconds of from the M42 MLRS, in which the extremely
rocket flight The other configurations per- high temperatures exist for less than 10 s.
formed as expected The S-? generator model Figure 24 shows the length of time that the
appears to be unsatisfactory for high model was actually in the airstream by in-
temperature and pressure operation because dicating the frequency of the generator. Dur-
of the amount ol noise in its output. ing the first period in the airstream. the fre-
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quency rises as the generator components 41) so

are heated. During the second period, the fre
quency lowers as the driving pressure is
lowered Figure 25 shows the temperatures 4
measured As seen in figure 23. the sustained
magnitude and duration of stagnation temper- COME SE W"AL

ature. To . would not be experienced in flight U ,
so that a cooling effect would occur as TO  19 1
dropped below the temperature of the rocket \ MOUATOR TSAIS?0

nose. Again. there was insignificant change in i . ,
/LUMI CAN WALL

the electronics package, while the metal of UL
the nose cone followed T. But the large a0.'W 2 TO"~t OSCILLATOR PACKA"

amount of turbulence and high will
temperature appear to have caused im- ,, ! % ANI AT COOK SAAUE

mediate and significant heating of the air in
the nose cavity 10

2.5 1 .
0 10o 0

(A) so- TIME (s)

Figure 21. Temperatures recorded at Mach 1.5
for duration of run 15 (Cont'd).
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8. RESULTS OF PRESSURE MEASURE- 8 1 2 KDI Regulator Function
MENTS

In both the laboratory and the tun-8 1 Mach 1 5 Tunnel nel. instruments show that the small preload
spring in the KDI regulator collapsed or snap-8 1 1 General Results ped in at a certain pressure differential, allow-
ing the regulator to suddenly reduce the flowFigure 26 shows static pressures rate into the nozzle Similarly, when theP1 and P2 in front of and behind the shock pressure differential was reduced to a certainwave. as well as the pressures at the exhaust value, the regulator snapped out again. Tableroles. P3. and in the cavity. P4. all of which 4 shows that in the laboratory the regulatorare referenced !o Pt2. the total pressure snapped in and out at the given gaugebehind the shock wave Although this figure pressure, which !S the difference in totaireflects date from use of a standard pressure at the entrance to the nozzle and thegenerator. stostitution of a KDI regulator atmospheric pressure at tne exhaust ports.made no difference Just as the relationship These same pressure differences occurred inamong P1. P2. and Pt2 is constant at a given the wind tunnel fur the same regulator func-Mach number, it appears that the same is true tion. except that the difference was ootainedfor the cavity and exhaust pressures. The ap- between the total pressure and the pressureproximate ratios are P4/Pt2 = 0.55 and P31Pt2 inside the cone cavity. Figure 27 shows how= 0 47 A significant result of the pressure KDI nozzle 7 performed at Mach 1.5: thesemeasurements is that q, = P2 - P3 same data are plotted against laboratory data

in figure 28. One sees that the regulator func-
tions occur at a iower dynamic pressure. q.
in the wind tunnel. Dynamic pressure still ap-80 r P2 pears to be a good key to predicting thevoltage output when the regulator is col-70 lapsed. Figures 2S and 16 show the samerelationships for the KDI production

60 L 
P. CAVITY generator. Consider the phenomenon from a

different perspective. In the wind tunnel at q,SI.EXHAUST = 6.27 kPa. which corresponds to the fuze_ ~ turn-on pressure in the laboratory, thepressure differential operating the regulator is0 
Pt2 - P4 = 25.3 - 14.4 = 10.9 kPa. However.in the laboratory at turn-on, the pressure dif-

IL 3ferential operating the spring is the same asthe dynamic pressure operating the0 -generator. 
Therefore. in flight, the sensitivity

I of the KDI regulated generator must be less
10 !than that for a standard generator,

0 20 40 00 80 100 12 3 2 Mach 5 Tunnel
(kPa)

TOTAL PREUSSURIE, Pt2 Figures 30 and 31 show the samepressure comparisons as presented for Mach

1 5 Figure 31 provides increased resolutionFigure 26. Pressure relationships at Mach 1.5. on the P3 data of figure 29 Again. the rela-
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tionship between pressures seems to be con- The performance of the S-2 generator pro id-
stant for a given Mach number. In this case. ed useful data for future design im-
P41Pt2 = 0.37 and P3/Pt2 = 0.12. but at these provements. For the KDI regulators, the
high pressures q, << P2 - P3. Hence, using failure of the springs and the inconsis'ent
q, to predict -voltage output may suffice at low behavior of the regulator itself gave the -irst
pressures, but not at high pressures. evidence of inadequate design. The HDL

regulators performed as expected
Temperature measurements confirmed that
the fuze electronics is unlikely to be affected

9. SUMMARY OF WIND TUNNEL TEST by the high stagnation temperatures at the
RESULTS rocket's nose, but that heat must be con-

sidered in designing the generator or fuze
The test was successful in that the ogive. Pressure data showed that the ratio

relative sensitivity in terms of voltage as 2 between pressures in the fuze is fixed for a
function of pressure for various generator given Mach number. Henr-e, it may be possi-
configurations was established. The standard ble to predict pressure from known free
HDL generator was most sensitive, while the stream conditions: however, additional
addition of regulators decreased that sen- measurements at different Mach numbers
sitivity. The pressure corresponding to fuze would be necesssar/ to determine the proper
initiation was slightly higher than that at turn- mathematical functions for predicting
off. indicating a possible hysteresis effect. pressures in the fuze.

TABLE 4. COMPARISON OF KDI REGULATOR FUNCTIONS AT MACH 1.5 WITH
LABORATORY PERFORMANCE

Snap-in (kPa) Snap-out (kPa)

Configuration Laboratory Tunnel Laboratory Tunnel

Pg - Pt2 -P3 Pt2 - P4 Pt2 - P3 Pg =Pt2 -P3 Pt2 - P4 Pt2 - P3

KDI production 3.45 338 407 193 200 23.4

mode:

Nozzle 7 386 - - 24.1 -

Run 2 - 455 531 - 241 27.6
Run 10 - 38.6 455 248 296

Notes

P -gauge pressure
- total pressure
exhaust pressure tao

P4 - cavity pressure tar
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