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RECUPERATOR DEVELOPMENT PROGGRAM
SOL’R BRAYYON CYCLE SYST.AM
PROGRESS REPORT
JULY 19 TO AUGUST 19, 1964

INTRODUCTION

This report deaoribes the work accomplished by the AiResearch
Manufacturing Division of The Garrett Corporation, Los Angeles,
California, during the above reporting period under National Aero-
nautics and Space Administration Contract NAS3-2793. This contract
is for tho{}ovulopment of a recuperator to be utilized in a closed
Brayton Cycle space power system which will use solar energy as the

heat source and argon as the working fluid.ﬁ

—~—d

FINAL DESIGN SELECTION

Omn July 15, 1964, official oonfirmation of the NASA selection
of a pure countorflow plate eand fin heat exchanger as the unit to
meet their specification was received. The final operating conai-

tions for this uni’ were as follerws:

mperature, °R ress aia
Cold Inlet 801 13.8 -
Hot Inlet 1560 6.73

Gas Flow Rate (each side) = 36.69 1b/min (argon)
Effeotiveness = 0.9
Total Preesure Drop (AIVT for both sides), percent = 2.0

With tﬁe decision tc use this type of matrix at these probdlem
conditions, a very careful survey of the results obtained during the
Parametrioc Survey (AiResearoh Report L-9372) was made to ensurce that
the optimum core eas seleotsd. In examining the results of the
au;voy, attention had to be paid to the pressure drop as well as the
volume and weight of the matrix. As pointed out in the presentation
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of the resulte of the Parametric Suvvey, in pure counterflow plate
fin heat exchangers which have the constraint that flow length for
both fluids must be identica., the amount of available pressure drop
on the high pressure side varies from matrix to matrix. In select~
ing a core it is, tnerefore, possible that the lightest matrix may
use more pressure drop than a slightly heavier one. 1In this ocase,
the selection of optimum may be strongly influenced by the size and
pressure drop of the(iriangular ends required to introduce and re-
move the ergon from both :sides of the heat exchangerz) With these
ends beocoming inecreasingly important in resching the final selection,
AiResearch wrote a{éomputer program to analyze the pressure losses

in these andsZ] The program was written to Landle the use of reotang-
ular ends. Rectangular endes are not suited to this application as
they may only be used where pressure drop on one side of the heut
exchanger is very high. A oomplete desoription of this program, to-
gether with the theory used to determine the pressure drop in the
ends, is shown in Appendix I attached to this report.

This program has been used to predict the pressure losses in
the ends of another very similar heat excnanger. Preliminary test-
ing of this heat exchanger has substantiated the results of the
computer program predictions

The careful study of the heat exchangér designs formuleted
under the Parametric Survey led to the seleotion of a heat exchanger
matrix with a fiow length of 7.28 in., a stackup height of 25.46 in.,
and a flow width of 25.19 in. This core consisted of 74 sandwiches
of 12 reotangular offset fines per inoh, 0.178 in. high on the low
pressure side and 74 sandwiches of 16 rectangular offset fins per
inch, 0.153 i2. high on the high pressure side. This unit has the
required effectiveness of 0.90 with s total pressure drop (AP/P) of
0.71 percert. Using 6 in. and @ in. diameter ducts, the total fixed
pressure losses from ducts to maenifolds is estimated to be 0.63 per-
cent. This leaves a total of 0.66 percent available fo. the
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triangular snde, With this pressure drop available for the ende,
the ocompuiter program was used to examine a series of iriangle heights
and splits between high and low pressure sides.

The fins used in the trianguler ends require only to match the
height of the appropriate passage., The fewer the fins used, the
higher the hydraulic radius and the lower tihe prassure drep, The
investigations of the ends included the examination of both 5 fins
per inch on both sides and 5 fins per inch on the high pressure side
and no fins at all in the low pressurs side. The results of this
irvestigations are shown in Figure 1. This figure shows that the
ratio of the split ol the core face tetween low and high pressure
should be about 70 perocent to 30 percent, respectively, if fins are
used in both sides of the ends and to be about 65 to 35 peroent if no
fins are used in thes low pressure side. The effeot of varying height
of the triangular ends 1s aleo clearly shown. The effecvw-ef elim~
inating the fine in .the low pressure side is very pronounced, dut
until stress analysis and manufacturing details are completed, it
cannot be fully determired whather or not these fins may be omitted.

‘:?ho design selected from this investigation was io use a height
of 7 in. and a 8plit of 65 percent or the low pressure side and 35
percent on the high pressure side.} With thialseliotion, the astimated
overall pressure drop for the oomplete heat exchanger is 1.77 percent
(with fins) or 1.65 percent (without fins). Both these numbers ar
below the aimed-for 2 percent, but it is believed that this tolerance
is desiradble to allow for any possible dsvelopmental o manufacturing
diffioulties. The estimated tctal weight of thie unit is 330 1b
(with fine) and 303 1o (without fins). Both tiese waights are based
on the use of 0.005 in. thiok Hastelloy plates.

LAYOUT DRAWINGS

Layout drawings have becu started for the recupsrator design
selected by ¥ASA. The layout is based on tha result of the final

1~9535
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design study discussed in the previoue section. The final) layout and
detail drawings (Task II) will incorporate all modifications that the
smail scale test program indicates are nocessary for optimum design.
it 48 during the layout phase of the program that many of the
mechanical design and fabrication development problems are first con-
sidered. [écme ¢f the main problems with the !ASA recuperstor are Adue ,//
) to its size and woight:] The overall dimensiors are approximately
25 in. wide by 25 in. high by 31 in., long with a calculated weight of
303 lbs. Beocause of the size and weight the core will probadly have
to be bdbrazed in 2 or 3 seotions which will then be welded together.
In aoccordance with the NASA request, provision is also being made eo

?;7 that the menifold pana may be ocut off and rewelded in placc. ;
%g ’ {:§ovcrnl possibilities are being considered in an effort to reduce //
éf the woight;] One is the use of hollow header bars for fluid contein-

%ﬂ ment. Another is the possibility of usinz fins only on the high

pressure side of the triangular inlet sections. Pinally, the use of
0.00% in. thick tube sheets results in minimum tube sheet weight. To
show the progress whioh has been made vo date in the preparation of
the lajout drawing, the drawing is shown in AiResearch Draving

2 1198005, inoluded with this report. This drawing is very preliminary
£, and only partially completed.

. SMALL SCALE TESTING

At this time the only test approved by NASA is the exial conduc-
iion test. This test consists of measuring the product kA (ke=thermal
conductivity, Aw=effective oross sectional area) on a small section of
the recuperator core using th: saze fines, tube plates, and braze
elloy. As was discussed in the small scale test program (AiResearch
Report L-9371) analytiocal procedures are available for sstimating the
" effect on performance of axial conduotion, however, the axial ocondude
i g tion parameter is a strong funotion of kA whioh is difficult to
%} estinmute for the following rearons:

1-9375
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1. The proper cross-sectionel arse to uwe with offset fins.

2. The effect on the thermal condvetivity of the tube plates
anéd fins due to diffusion of the breze alloy.

Tie test specimen for this test has been fakricated, using .005 in.
thiek Hastelloy C plates,and testing will be ocompleted sarly in
September, %he test specimen is shown in Figure 2, this figure also
shows a section of rectangular offset fins.

' The product, kA, will be determined from messuremants of the
alectrical resistance of ths t:8st spacimens a2 shown in the test schem~
atic on Figure 2.

The electrical resistance is related to thes thsrmal conductivity
by the following relation: k = Lo+ B, whare,

k = thermal oconductivity at temperature T

G = electrical conductivity st temperature T

T « absolute temperaturs

J= Lorenz number

B = lattice conduction constant.

Since the electriocal resistance and conductiviiy are related as

followat
L
R -Fi
It follows that:s

kA -eL.§ T+ B

The data on kA is determined from the procedure outlined sbove
will be used tc¢ verify the estirates of kA used in the design analysis
of ,the recuperator. Provided kA exp. and kA oalc. are equal, it can
be conoluded that the effect of axial heat leak on the recuperator
perforuance has been ocorrectly estimated. The theory used for this
test was take from C. 8. Smith & E. W. Palnmer, "Thermal & Elactrical
Conductivities »f Copper Allcye", Trans. AIME, 117, (1935) and ¥. Hume-
Rothery, The Metallic State, Oxford (1931).
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TUTURE WORK

All analytical work in this ,.rogram has now heen completed.
During the next reporticg period, the mejority of the nog&_vill con-
centrate on the preparation of the nanufac.uring details. This work
will progress with the layout drawings and small scale tests. It i»
hoped that during the next reportirg period NASA will make a desision
with regard to the flow distritutiou test.

COST MANAGEMENT

The percentage of the tasks completed are suown in Figure 3.
Also shown in this figure is a comparison between the estimated and
actual cost of the program to dats.

L-9375%
Page 8

-

-

< -
© At v £ T 1 b e <

R
e et ,mﬁ
K

R

~ P BRI W e SRR L

i,

PRI

BN

—
€ .



i
4

Py fmn vy 4 e

g

: ' Y 5
3 : v SR e T
- = dee s S —lee e & 52
. T
: . 5
U SN .
‘ ! ; f ;
. . t P i '
PO U ——m s i - m
' ' i g e g B SRR W Lo :
X .w, w..... 1 R R - ——y m....m
G S T ¥ i Cd
Attt S o o 4 i
S T T o ; .
N LT SR A T I e L. o ] .
t m.,f foorks b Tk P
: i ! S
e 1
i

3
i

'
v
98 YRUPRaui apes

3

: L)
. L
- a0
s 1 .
T H
Com .%. e ik e . *.
: - P W
Ly :
LA g ’

:..;
e

-
b

et ddoae

1
I e " ; >

Kos SELRY i [ » PO L

I el Lo i ; [

e [ : B R Tt}

&+ . w N 22 ] t N '

L K : : il e e

SN N a‘rv» »”m.lfﬁr iT.A.w\ 4.)41«’»...; ‘M ; ';mm .

- ..m.... - . N REECO P m iy

s e 0 v " 7 - '

. RN RS - | 1Lt N

ool dapeafy e Torgee 5 ORI SRRt ac hulie By i g -7+ g e g '
. Au ..'s‘ v -.u W o . N <A«.‘ b

. ! . . N N

b ey o - 3 T - ¥ e a
-f- ' . L B . ‘ - g
S R R IR ; i
- . e \Mv i
et T e e b -

' ST R 2
vt - e . - SESE S R - P e
y . R T .::«w RIS SR 3 SIS
: : I s b P as w IR ST r PR PIT |
R B s a‘-,m:ﬁ; I e (e amer i N P AR L t
! i, ’ : R TR R S .T:.; el : . =
- 3 [N te R 3 .m.x‘ PR lqvw ¢ Mv..t aredes A s 3 PRy S H »u ” :
' [ L : R A i T "R ¢ i ) H St N :
I SIS R % DEEL e A .rulmifi:wi.! B Lo T B e s -5 T £
. ' “ b 3 oK R 2 ! ’ e IR Ko
1 S | b b LA %..4;.?.. B N 3 i b R
N . t 13 1 . : “ . i w » - ..
H N M 3y i *. - ’ T M 1] " .
el : i ; Lo 3 R AR i Lo TR Lot : '
e FAOSA  UUUOE UL PN SUNUPULS tSE SRS SPONMPPS: SUDILOOIE SIS SIS SUpORRISS Sy S PR S B P S £ 5 j <-m
. N { v { . H . N ' vt [N ‘ ' - H )
. Codia o D emet UGS SRS U SOV SO S S S - 3
' e O BT N . ’ ' . . _, C . : . - b
. ! ; M ! . . ! { ! + > . N ——
[ R R SRR m (e .1..r|. ,.iw‘.xyll‘“\(.ivlﬁt.\«..tt..r Msnd She it atende 2 e o e s :M(Io, s T : .m
' ; : e : N IR A Co . . .
. i “ R , BRI N T it domon w
- U U U SUL - S SO e ...:Lﬂ RN lx‘_l.,!-lrl,,.roi”litl.s.!ll.lﬂ i Bt I M —— ey
N ; s i . X
: . ; - . 1 . Poov . s 4 .
. e en ; i ! o Sy IR SE | co m SRR SR 3 -
m - « : t . i * - B > . . t . ! ) v m .
Ty LTI e e o S e e et e e MR et o SYCHE g
. - - S AR e AR I SR BN . T A
‘ P - : | I o E T S o A AT B a4 -
“ : i C N : ‘ IR S . R
. _— - R e ohnn R SV QUR s = = e —

e H i »
-, L8] L) s -
- 2 O G00*CT ¥ sXvITeq
T W v M TIgta T bl b e d Yt v oA YWl Mtad AN NNIA QST BT AL T Y v eT I ERL RS ¥ 11 T




AT P AR PEIPRSTLATE 5 - W

APPENDIX I
IBM 7074 PROGRAN H-1400

END SECTICN PRESSURE DROPS ~ CCUNTERFLOVW
PLATE-FIN REAT EXCEANGERS

(A{Researsh Report AM-288)
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IBM 7074 PROGRAM H1400

END SECTIOM PRESSURE DROPS - COUNTERFLOW
PLATE~FIN HEAT EXCHANGERS

INTRGOUCTION )
With the Incressing demand for very high effectliveness heat ex- //
changars, the use of pure counterfiow piate~-in designs has become faj-ly i/

widespread. [b computer program, Plate=fin 78 (H1010) hes been written
to dasign the heat transfer matrix required to meet a specified prob!en;:k
With the sizing of thls matrix, the overall desigr is, however, not
completed, as the flulds on both sides of the heat exchanger have to

be Introduced and removed from the core. As In counterflow heat ex-
changers, the flow face area Is coomon to both fluids, simple manifolds
are not sufficlent to scecomplish the fiuid distribution. Twu prime
design concepts are avallable to accomplish the requived flow distribus~
tion, and these are Illustraied In Flgure 1. Where thajbressure drop
aval!able {s low, the trlangular-shaped ends of Figure la are generally
preferred, but K pressure drop is not limited, then the rectangular
design of Figure 1b maoy ve preferred. For both design concepts, the
ends are fabricated as an Integral part of the heat transfer matvix,
The plates used throughout cover the entire flow passage areas, but the
fins used In the end secifons need not necessarily have the same cone
figuratfon as the fins In the counterfiow core. énly the fin helght
must be malntained throughout. In most cases, as the temperature
"differences [n the ends are small and as the flow is almost entirely
crdss-flow, the heat transfer In these sections is neglliglble (or is
assumed to glve extra "safety murgin” to the design). The dimensions
of the ands must be minlmized to reduce heat exchanger walght; however,

as ths size of the ends are reduced, the pressure drop tqcreases. As
the geometry of the ends Is not fully fixed by the design'of the core
e matrix, in order to determ!ﬁi the optimum selection for minimum weight
and pressure drop, @ large number of geometries must be investligated.
In order tc f_cliitata this Investigation, a comuter program has
been written to determine the pressurs drops In the end sections of

a glven configurattion.

:
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UESCRIPYION OF PROGRAM

As previously mentioned, there are two types of end design, tri-
angular and rectangular, which may be considered. The program will
caleulaste the pressure 10sses in the four Indlividual ends of either type
of design. The appruach taken to determining tive pressure losses in
the two designs is slightly diffarent, and they are descrlibed separately
bejow. It must be stressed that at this tims, the approach belng used
Is theoretically anly. In the triangu.ar designs, thera |s some Ind!-~
catlon from a brief series of tests that the approach belng used does
fairly sccuracely determine the true josses. jowsver, until a more
comprehensive test progéam ts conducted, or at least unti! some units
‘have been bullt from this program and tested, the'pressyre losses
obtained must be tresated as approximations.

Ir!anggla} End Shape Designs

it Is first ﬁecessa:§ to define the geometry of tha ends. Some of
this Is ohtained directly from the design of the tounterflow matrix.
Informatlon used from the core cesign includes core wtdtﬁ, stackup

helght, number of passages on both sides, and plate spacing on both
sldes. In addlition, the height (h) of the ends must be defined, to-
gether with the number of fins and the fln thickness to ta used on both
sides of the ends. :One further parameter s requlred to define the end
geometry, and the ons chosen Is the ratio a/w defined on Figure 2.
With the end geometry defined, the effective flow width end length in
the ends for both the high prissurc and low pressure flulds is cal~
culated. Thesa effective dimensions are =iso defined in Flgure 2.

With both flow rates and all terminal prassure and temperature condi-
tion. of the heat exchanger known, the pressure drops are computed by
the following steps. Mass velocity on one side of one end Is computed
using the apprepriate flow and based on the effective flow width.
Reynolds .umber [s computed from viscosity (read from cdrvc) and hy-
draulic diameter of the fiﬁlﬁpbﬁlng selected tcalcu!étod within the
progfam). Friction factar I3 Eond from appropriated stored curve
(Reynolds number versus friction factér for surface to be considarad
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is part of program Input). An entrance shock loss coefflclient I3 deter-
mined from the area ratlc (end sectlon free-flow area to frontal ares)
and 8 storad curve. The curves used by the program are the lYaminar
expansion and contraction coefficients, and the turbulent expansion

and contraction coefficients (Re = 3000) of Kays ard London Flgure 20.
If the end section Reynolds number i3 less then 2000, the laminar curves
are usad. A second expansion or contrsction los: !s allowed for be-
tween end section and stralght core based on the area ratio between

end section free-flow asrea and core free~fiow area. At this junction,
there i3 alsc a turning loss based on tha angle O deflined in Flgure 2.
The coefficlent for this turning loss Is taken from Figure 14 of SAE 23.
The overa!l pressure loss is then computed from the sum of friction
term, the face shock loss, and the velocity head change and turning

1..;s at the junction of the ends with the core. Each of the four ends,
low prassure Inlet and outiet and high pressure Inlet and outlet, are
computed separately at the appropriate fluld properties and w/th the
appropriate type of shock loss (expansicn or contraction). The two
ends of the hest axchinger are fdentlcal . *he calculatiuns, but If
ng-similar ends are requlred, the results oétalnid from dl ffeent sclu-

tions may be combined.

Rectanguiar End Shape Pesign

With this type of design and with the core geometry specified,
only the helght (h) and the fin characteristics of the ends nead be

defined. In the straight-through (low pressure; slde o. the unit, the
pressure loss In the ends Is computed from a f.iction term and from a
single shock loss based on the free flow to frontal ares ratfo. In
the high pressure side where the fiow enters at right angles o its
flow path through the core, the pressure loss calculetions are rathasr
more complicated. Two velocity heads are computed, one based on
entrance and exit areas (that Is, based on h), and one based on the
second set of fins In the end (uses core width, w). Using the velo~
city head based on h, & friction term Is calculated far the first set
of fins, a shock loss for the entrance or exit, and a shock loss
(expanslon or contractlion) from these fins into the second set. A
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’3'
turning ltoss coefficient, also based on the "h" velocity head, is added to
the pressure loss. This coefficient is an input gquantity and should normally -
be hased wn & 90° turn (1.6 from SAE 23, Figure 14). The turning coefficient
was left as an input quantity so that it may be varied at the user's discretion.
This approach will be of particular advantage if test data is obtained, as the
coefficient may be varied until agreement with the test data is achieved. The
N 5
velocity head in the second set of fins is usad only to compute 2 friction drop
through that w-ection. ’
INPUT INSTRUCTIONS
A tycical input sheet for this program is shown in Figure 3. In order to
ciarify the sheet, the following instructions have been prepared. ‘
CARD 1. Heading {80 Holerith characters avallablé) .
T t

TABLES - ) . 1;

;o . o . ’ o R
Controi Card, ({with numbers of pairs of points in each of nine tables) ,

All data stored 8 words per card and uses LALIN 2.0 pairs of pouints

maximum.

NVIS NVISH FF FFH  EXL C@NL EXT CONT TURN (915)
Table 1. Temperature .°R} vs Viscosity (1b/sec ft! for low pressure side fluid.

‘

Table 2. Temperature °R) vs Viscosity {1b/sec ft) for high pressure side fluid.

P Table 3. Reynolds No. vs Friction Factor for low pressure side tins.
Table 4. Reynolds No. vs Friction Factor for high.pressure side fins.

Table 5. Area Ratio vs Laminar Expansion Coefficients.

3

X Table 6. Area Ratio vs Laminar Contraction Coefficients. Kays and
‘ : LLondon
; Table 7. Area Ratio vs Turbulent Expansion Coefficiepts. Figure 20

tom e

- Table 8. Area Ratio vs Turbulent Contraction Coefficients.

Table 9 Turning Angle (sin 8) vs Turning Coefficient (SAE 23 Fig. 14)

#* L
In this tible it is the sine of the angic 8 that is stored in the program.
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CARY 2. Control Card for Other Variables (315

. Ji No. of .ets of cards 3 and 4 (5 max]
J2 No. of sets of cards & and 6 (12 max)
J3 No. of sets of cards 7 (50 max)
, CARD 3.
WIDTH Heat exciianger cgre width - in.
ANPL Total No. of passages on low pressure side of ‘heat exchanger
ANPH Total No. of passages on high pressure side of heat exchang:r
ALN Stack~up heignt of heat exchanger, in.
HPL Plate spacing, low pressure side, in.
HPH Plate spacing, high pressure side, in.
TEST | = 0.0 if triangul.a- ends = 1.0 if rectangular ends
BWL Ac/bw for fins in counterflow core, low pressure side.
CARD 4.
8wH AC/bw for fins in counterflow core, high pressure sice
WTF Weight factor, Weight of ends = WTF X Volume
AK Turning loss coefficient for rectanguiar ends

(Normally = 1.6 rectangular 0.0 triangular)

CARD 5.
Wi Flow rate, low pressure side, lb per sec
WH Flow rate, high pressure side, 1b per sec
VINL Inlet temperature, L.P, side, °R o
TINH Inlet Temperature, H.P. side, °R ’ .

TOUTL Outlet Temperature, L.P. cide, °R
TOUTH  Outlet temperature, H.P. side, °R
PINL Inlet press&%é, L.P. side, psia
PINH Inlet pressure, H.P. side, psia
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CARD 6.

POUTL Outlet pressure, L.P. side, psia
POUTH OQutlet pressurc, H.F. side, psia

P, oei
ROEL Density factor, L.P. side p = ROEL T..g%*.e

ROEH Density” factor, H.P. side
CARD 7.

HEIGHT Height of triangle or rectangle, defined in Figure I.
RATIO a/w as defined in Figure 1, if greater thaa 0.5 wider face will
be fow pressure side, If less than 0.5 wider face will be high

pressure side.

ANFLY No. of firns per inch, in low pressure ends.

ANFH No. of fins per inch, in high pressure ends.

TFL Fin thickness of fins in low pressure ends, in.
TFH Fin thickness of fins in high pressure ends, in.

*If desired to look at zero fins on either side ANF = 0.0 and also TF = 0.0,
Care should be taken in this case to be sure that friction factor is for flow
between flat plates.

QUTPUT CLARIFICATION

A typical output sheet is attached as figure 4. The first line of data
shows the flow, temperature, pressure data Leing examined. The second line
defines the end geometry being examined while the third line identifies the

counterflow core.

Line 4 presents the solutions where all four end pressure drops are
shown buth in psia and as a percentage of thc INUET pressure on the appropriate

side.

Line 5 presents additional .nformation including volume of one end, weight
of one end and the length of the two sides of the triangular 'nds. If rec-
tangular ends the pumber under "dimensions" are the width of the .ore and the
height of the ends. Also shown in Line 5 are the hydraulic radii in the ends

and the Reynolds numbers in the ends.
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. NOTE:

At the time of writing a minor error in output format existe in Line 3
where the passage heights are shown as ¥153 and ®178 this should read
0.153 and 0.178 and will be corrected if the program i< recomplished for

some other reason. ,
A3
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EFFECTIVE FLOW WIDTH (LP) = y
EFFECTIVE FLOW WIDTH (HP) = x

eFFECTIVE FLOW LENG/H ‘LP) PER END = x/2
EFFECTIVE FLOW LENGTH (HP) PER END = y/2
TURKING ANGLE (LP) = 6, }

) SIN £ IS USED IN PROGRAM
TURNING ANGLE (HP) - 6 S

NOTE: SKETCH SHOWS TWO ENDS OF TRIANGULAR DESIGN TOGETHER,WITH CORE REMOVED

+

Figure 2. .iriangular End Geometry
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END SEcTIg AN 7PRESSURE DPRIPS - CPUNTIR FLgw PLATE - FIN

T8M T7o74 “TProsvam H /4oo

WEAT EXCHANGERS

Cyagal No. DATE 12 v Tamél
NAME Enpioyse No.
Ngapinag C ARD ( 80 Molerith columas)
INSERT TABLES
__'I_i..ir_"_'_z_@ T3 (3Z¢)  Cealral  Cord
NIvTH ANPL | ANPH ALN HPL HP M TesT |l | BuwWiL
(3w | WIF | AK
LWt WH TNL TInd | TouTe | TouTH |7PINL | PIN
Pourt |PouTH | RgEL | RIEHN
| HeouT |RATIS | ANFG L ANFH TFL | TFH
o~
: RESEARCH MANUFACTURING 2“((@(9“ F]wr. 3. lnput Shest
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