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FOREWORD

This report was prepared by The University of Michigan Research Institute
under USAF Contract No. AF 33(616)-5745. This contract was initiated under
Project No. 7360, "Materials Analysis and Evaluation Techniques,'" Task No.
73603, "Thermodynamics and Heat Transfer." It was administered under the di-
rection of the Materials Laboratory, Directorate of Laboratories, Wright Air
Development Center, with Mr. Hyman Marcus acting as project engineer. The
principal investigator was D. W. McCready, Associate Professor of Chemical En-
gineering, who was assisted by Thomas E. Altenbern.

This report covers work conducted during the contract period from 1 July
1958 to 30 June 1959, and is in effect a continuation of research initiated
under USAF Contract No. AF 33(616)-3543. This previous work was reported in
December, 1958, in report WADC TR 58-405,
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ABSTRACT

An all-metal concentric cylinder type of thermal conductivity cell was used
to measure the thermal conductivity of twelve natural and synthetic base lubri-
cating fluids. '

Thermal conductivity values in the temperature range of from 70 to 500°F are
reported for fluids considered stable to the higher temperature. The maximum
temperatures for other fluids were limited by their instabilities under test con=-
ditions. ©Since each fluid has individual characteristics, no correlation of con-
ductivity values appears possible. Values are considered precise and for possi-
ble correlation can be compared to those of & fluid chosen as a "standard refer-
ence."

PUBLICATION REVIEW
This report has been reviewed and is approved.

FOR THE COMMANDER:

L. F. Salzberg
Chief, Materials Physics Branch
Materials Laboratory
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I. INTRODUCTION

Under Contract No. AF 33(616)-3543, determinations of the thermal conduc-
tivity of ten synthetic base and five mineral base lubricating fluids were in-
itiated. Conductivities over the temperature range of T0-500°F were required.
Later twenty-five additional fluids were submitted for evaluation. This re-
search under USAF Contract No. AF 33(616)-5745 is an extension of the above to
measure the thermal conductivities of twelve additional fluids, to make a total
of fifty-two fluids.

The work was initiated because such data are required for engineering de-
signs of heat-transfer equipment. Such data were not available in the litera-
ture or from other sources.

Very few measurements of thermal conductivities of liquids have been made
previously at temperatures above about 200°F. Those reported were made on ap-
paratus of doubtful precision. Thus the only references to data in the litera-~
ture are limited to those of value to this work and they are referred to when
used.

ITI. DESIGN OF THERMAL CONDUCTIVITY CELL

Apparatus for the measurement of thermal conductivities of fluids may be
classified into three general types on a basis of the directions of heat flow:
(1) direct flow between flat plates; (2) radial flow through an annulus of
fluid (between concentric cylinders); and (3) flow from a hot wire. All types
were considered for this research.

A concentric cylinder type of cell was chosen. Several such cells have
been used by other investigators and have proven as precise means of measuring
thermal conductivities. Factors considered in this selection were:

(1) The high temperature (500°F) which limited materials to ceramics
or metals except for gaskets where Teflon could be used,

(2) The stability of the fluids to oxidation which required operation
in the absence of air.

Manuscript released by author May 22, 1959, for publication as a WADC Technical
Report.
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(3) The stability of fluids in contact with metals, specifically
copper, which accelerate thermal decomposition.

(4) The high temperature which made it unfeasible to use a fluid as
the final heat sink.

(5) The desire for flexibility so that heat fluxes and film dimen-
sions could be readily changed.

The metal chosen for the essential parts of the cell was copper because of
its high thermal conductivity. Silver was considered too expensive for the in=-
itial cell. Corrosion-resistant metals were considered to have too low thermal
conductivities, a conclusion drawn after computations of expected temperature
differentials.

Copper is the least desirable metal to use from the standpoint of stabil-
ity of the fluids, and so the copper surfaces were plated with chromium. Means
of excluding air were devised, and a procedure, discussed later, was initiated
to insure that the fluids were not operated under unstable conditions.

The concentric cylinder type of cell consists of a central cylinder or
core, which is the heat source, surrounded by another cylinder, which is heat
Sink I. Heat flows from the core to Sink I through the sample contained in the
annular space between the cylinders. A second sink (II) surrounds the whole to
maintain controlled conditions; in most cases this is a fluid bath, but in this
research a large cylinder of aluminum was used.

Thermal conductivity of & fluid may be computed from the known heat input,
temperature drop across the annulus, and dimensions of the annulus.

The components and method of assembly of the thermal conductivity cell are
shown in Figs. 1 and 2. Figure 1 shows the components, the filling and empty-
ing tubes in the foreground, the central electric heater behind them, and in
the rear, the bottom seal, seal gaskets, central core with top seal, and Sink
I and Sink II. The central core and Sink I are of electrolytic copper and
chromium-plated. Sink II is anodized aluminum. The seals are chromium-plated
brass. The core and Sink I are 8 inches long.

The thermocouple holes (8) in the central core are arranged 45° apart.
The bottoms of these holes are 1, 2, 3, 4, 4, 5, 6, and 7 inches from the top.

The thermocouple holes in Sink I, at the same levels, are holes drilled
to 1/16 of an inch of inner face and with channels leading from the holes to
the top, through which the thermocouple wires pass. This sink is tapered to
fit a similar taper in the central hole in Sink IT.

Figure 2 shows the means of assembling; the heater centered in the central

core; the core is centered and bolted by the seals to Sink I, and Sink I is
centered in Sink IT.
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In operation, the whole apparatus is insulated and heated by electrical
tapes wound around Sink II.

The filling and emptying tubes connect to the top and bottom seals as
shown with the top seal.

All units are pictured in Figs. 3 and 4. TFigure 3 shows almost all the
parts; the K-2* potentiometer, galvancmeter, standard cell on the left-hand
table, and under the table the battery used with the potentiometer. The left
side of the instrument panel is the Wheelco Controller** with the temperature-
indicating scale near the top and the temperature-controlling cam in the center.

On the right-hand panel below the clock are the thermocouple switches.
Further right are switches and ammeters for control of battery discharge and
charge circuits. Power for the central core heater is supplied by the batter-
ies on the floor and they are floating on the 110-volt d-c source in the bulld-
ing. In this way these batteries maintain a constant voltage.

Just behind the panel is the volt box for measuring the voltage drop across
the central heater. This voltage is measured by the K-2 potentiometer. Next
behind is the ice chest which serves as ice storage and thermocouple cold junc-
tion. The white unit behind it is the thermal conductivity cell insulated with
asbestos winding and blocks.

Figure L shows the components behind the panel board: the large ice chest
with the cold junction tubes apparent at the further end; the core reactor be-
hind the ice chest; and the standard ohm resistance behind the insulated cell.

The current to the central heater flows through the standard ohm (0.1 Q)
resistance and is evaluated as a potential drop across the standard ohm resist-
ance by the K-2 potentiometer.

III. PROOF OF THE THERMAL CONDUCTIVITY APPARATUS

Thermal conductivity values are acceptable only if obtained with an appara-
tus of proven precision. Such precision is always difficult to confirm and gen-
erally is determined by comparison with accepted results of other investigations.
Or the apparatus may be, after thorough study, considered a precision instrument,
and the results obtained as absolute or at least comparable with expected results.
The latter is the case with this apparatus.

*Leeds and Northrup.

*%
Wheelco; Model 72000-5253% Chronotrol, 110 volt, 60 cycle, 0-600°F range for
iron-constantan thermocouple, 1 rev in 3 days; and Saturable Core Reactor.
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The design and proof of the cell is detailed in WADC TR 58-405. Also in
that report are the methods of making and calibrating thermocouples, and data
on typical set of readings.

The proving of the apparatus resulted in the realization that the appara-
tus was precise only at temperatures above about 250°F with normal ambient tem-
peratures. A "standard of reference" was therefore established to evaluate the
apparatus and the test fluids. The "Standard" is a close-cut lubricating oil
fraction from Pennsylvania crude without additives and having about the same vis-
cosity as most of the test samples. It was obtained as a standard oil from the
Gulf Research organization at Mellon Institute in 1951. At that time it was
placed in glass bottles, deaerated, and sealed.

Thermal conductivity vs. temperature curves on this oil were obtained at
the beginning and middle of the research. The results are plotted in Fig. 5 and
the consistency of the results confirms the operation of the cell and the choice
of the "standard of reference."

IV. VALUES OF THERMAL CONDUCTIVITY OF FLUIDS

The results of this research are most readily reported as the measured
values of thermal conductivities of the fluids as a function of temperature.
They are plotted as such in Figs. 6 to 9, and tabulated in Table I. Also ap-
parent in the table are the maximum temperatures to which these oils could be
heated for at least 20 hours in contact with copper without apparent decompo-
sition. The details of the test are in Appendix I. Typical computations of
thermal conductivities are in Appendix ITI. The high melting point of several
fluids is also apparent in the table.

Several attempts were made to see if the curves in Figs. 6-9 could be fit-
ted to a typical curve, but all were unsuccessful. BFach fluid has individual
characteristics.

Data on stability apply only to the test as made, namely, 20-hr duration.
Stabilities under other than test conditions were not measured and are not in-
ferred.

No measurements of decomposition of the fluids were made after thermal con-
ductivity determinations, although acid numbers were requested. Most of the
fluids showed no visible change during a determination. As d 100% sample could
not be obtained, and as apparent changes in the fluids were negative, acid num-
bers were not run. The method of determining acid numbers would depend on the
chemical characteristics of the fluids, and it was considered that the expected
small differences between fresh and used fluids would not be sufficient to war-
rant conclusions concerning stability. Stabilities were considered measured by
tests reported in Appendix I.
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V. CONCLUSIONS

The thermal conductivity apparatus, designed, built, and proven under Con=-
tract No. AF 33(616)-3543, was used for measurements on submitted samples of
lubricating fluids.

The values of thermal conductivities of the fluids are considered absolute
or at least precise in references to a "standard oil."

WADC TR 59-185 15
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APPENDIX I

STABILTITY TEST

The protection of the thermal conductivity cell against corrosive attack
of the fluids or vice versa had to be determined. It was proposed that a test
be made on all samples by subjecting them to elevated temperatures in contact
with copper, the metal of which the cell is constructed. The following test
was devised.

A 5/8-in.—ID x 6-in. heavy-walled Pyrex test tube is used. Into it is
placed a polished and bent piece of copper sheet about 1 inch square. The test
tube is then drawn down to & narrow neck to form an open ampoule about 3 inches
long. The fluid sample is carefully pipetted into the ampoule to prevent any
01l contacting the glass surface that will be heated in sealing the ampoule.
The fluid completely covers the copper; the fluid sample is then deserated
under high vacuum with care being taken to avoid vaporization of the fluid.
While under vacuum the ampoule is sealed by fusing the glass at the drawn-
down portion. The ampoules are then placed in a controlled temperature oven
and observed at intervals. Conditions of this test are considered comparable
to the conditions within the calorimeter.

Maximum Temperature to Which the Fluids Are Stable for 20 Hours

0-56-36 450°F ML0-58-586 500°F
0-56-57 500 MLO-58-587 500
0-57-32 450 MLO-58-588 500
0-58-17 450 ML0O-58-589 500
LRO-1 300 MLO-58-590 500
LRO-L 300 MLO0-58-591 500
Gulfpride 10 Bage 0il 500

The five fluids which are stable only below 500°F had such doubtful sta-
bility that it was felt that they might decompose and do harm to the apparatus
if run up to and down from the maximum temperature of 500°F. Permission was
granted to limit the determination on the fluids in this group to the maximum
temperature determined by the test.

WADC TR 59-185 18



APPENDIX II

OPERATION OF CELL

The thermal conductivity cell is filled by applying a vacuum to the top
fill tube, forcing the fluid into the annulus by the pressure of 1ts own vapor
from a reservoir at the bottom fill tube. It is felt that this procecure ef-
fectively eliminates entrained air.

The cell is regulated by the controller to induce a heating, or cooling,
rate of 20°F/hr. (The controller regulates the heating tapes on Sink II.)

There are 16 thermocouples in the cell which are paired across the annu-
lus to measure the temperature differential at 8 locations in the cell. The
locations are circularly about the annulus at levels of 1, 2, 3, 4%, 5, 6, 7,
and 4 inches depth. Only the temperature differentials at levels of 2, 3, 4,
5, 6, and 4 inches are used to calculate the average "k" value for a given set
of readings. This is done to prevent errors due to heat losses at the ends of
the cell at positions 1 and 7.

An example of the tempersture distribution of the thermocouples on a cool-
ing and heating cycle is shown in Table II and Fig. 10. Outside couples are
odd-numbered and are located in Sink I; inside couples are even-numbered and
are in the central core. Readings are taken at exact one-minute intervals and
are repeated approximately every 45 minutes throughout the complete heating
and cooling run.

WADC TR 59-185 19



TEMPERATURE DISTRIBUTION OF THERMOCOUPLES

(Gulfpride 10 Base 0il - 28 November 1958)

TABLE II

Depth

Heating Cycle

Cooling Cycle

Thermocouple (inches) emf emf
(millivolts) (millivolts)
1% 1 10.5622 9.3653
o% 1 10.8761 9.7095
3 2 10.5738 9.3431
L 2 10.9341 9.7345
5 3 10.5884 9.3%288
6 3 10.9544 9. 7187
7 L 10.6021 9.3113
8 L 10.9716 9.7043
9 5 10. 6221 9.3018
10 5 10.9816 9.6820
11 6 10.6301 9.2815
12 6 11.0040 9.6750
13% 7 10.6260 9.2470
1h* 7 11.0010 9.6290
15 L 10.6673 9.2611
16 L 11.0405 9.6611

*
Not used in calculations.
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APPENDIX III

CALCULATION OF k FROM DATA

NOMENCLATURE
4 = heat/time, Btu/hr
k = heat/time length temp, Btu/nhr- £t° ( °F/ft)
A = 1length® normal to flow, fte/ln
T = temperature, °F
X = distance along direction of flow, ft
ro = outside radius of central core, in.
ri1 = 1inside radius of Sink I, in.
dg = outside diameter of central core, in.
di1 = 1inside diameter of Sink I, in.
V = voltage, volts
I = current, amperes
emf = emf of thermocouples, millivolts
HL. = heater length, in.
aT
(a) q = kA TS

Since the annular spacing is only .036 in., AX may be used in place of
dX. Solving for k, then,

( 1 AX
b) k= aj 7
AX = (ri-ro/12)

A = [a(ritre)/144)

AT = [Aemf/.0290 mv/°F] for temperature range¥ 70°-122°F
[Aemf/.0295 mv/°F] for temperature range 123°-142°F
[Aemf/.0300 mv/°F] for temperature range 143°-239°F
[Aemf/.0305 mv/°F] for temperature range 240°-299°F
[Aemf/.0309 mv/°F] for temperature range 300°-500°F

*Values approximated from Fig. 11, Aemf/°F vs. temperature for iron-constantan
thermocouples. This figure is based on data taken from Ref. 11.
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Btu/hr 1 o1 3.42\ Btu/hr
(Vi) 3.42 —— X <§,L;> in. = VI (}9.54> in.

q =
oo 14k 1 r1-T 1
ok o= (VI) 45 (ra-ro) L
719,31 w (ritrg) 12 AT
noting that:
ri-ro d1-dg .0362
ritrg,  ditdo 1.8072

VI 342 - 12 - .0362 _ . 10
() ® = & 19.51 .« . L.oop ~ T2t d

-2E
AT

The values used for VI are the average values of the beginning and end of
a line.

SAMPLE CALCULATION
Data from MLO-58-589 run of 5 March 1959

EI line 13 start
EI 1line 13 end

Il

66.4890 B 8 it
66.5075:} Elgyg = 66.3%982 watts

Average temperature line 13 = 393°F
Position: 4A 1line 13

Aemf couples 7 and 8 = 0.3139

k = 1.3551 - 1072 . 6g'§§52 - .0%309 = 0.0884 Btu/hr-ft2 (°F/ft)

WADC TR 59-185 23
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APPENDIX IV

IDENTIFICATION OF THERMAL CONDUCTIVITY FLUIDS

Sample No. Identification
0-56-36 Conoco 9372

0-56-57 CRC 156

0-57-32 Richfield LT7-52

0-58-17 Shell WRGL 31

IRO-1 Halocarbon 4-11V

LRO-4 Halocarbon AO213

ML0O-58-586 Phenyl ether

MLO-58-58T7 Phenyl ether¥*

MLO-58-588 1,4 Diphenoxybenzene
MLO-58-589 1,4 Diphenoxybenzene*
MLO-58-590 Bis (p-phenoxyphenyl) ether
MLO-58-591 Bis (p-phenoxyphenyl) ether¥

*Irradiated 10** ergs/gm C.

WADC TR 59-185 25



10.

11.

12.

REFERENCES

Dick, M., Synthetic Lubricants, Univ. of Mich. Eng. Res. Inst. Final Re-
port M-779, Ann Arbor, Appendix III.

Sakaides, B. C., and Coates, J., Louisiana State Univ. Eng. Exp. Station
Bull. Nos. 34 (1952), 48 (1954), 35 (1953), and 45 (195L).

Mason, H. L., Trans. ASME, 76, 817 (1954).

Bates, K. 0., Hazzard, G., and Palmer, G., Ind. Eng. Chem., Anal. Ed.,
10, 314 (1938).

Briggs, D.K.H., Ind. Eng. Chem., 49, 418 (1957).

Reidel, L., Chem. Ing. Tech., 23, 321 (1951).

Reidel, L., Chem. Ing. Tech., 23, 465.(1951).

Smith, J.F.D., Ind. Eng. Chem., 22, 1246 (1930).

Smith, J.F.D., Trans. ASME, 58, 719 (1936).

Sakaides, B. C., and Coates, J., Jour. AIChE, 1, 275 (1955).

U. 8. Bureau of Standards, Circular 561, Reference Tables for Thermocou-
les, April 27, 1955.

McCready, D. W., Thermal Conductivity of Lubricating Oils and Hydraulic
Fluids, WADC TR 58-405, December, 1958.

WADC TR 59-185 26



TETATSSVTIONN

QETATSSVIONN

, 9OUSISISI PABPURIS, B SB USSOUD PINTI ® JO 95073 09 paaedwod
90 UBD UOTHBTAIIOD oTqTSsod J0F PuB 35T02Jd POISPTSUOD oIB
sanTeA -oTqtssod saeadde senTeA A3TATIONPUOD JO UOTIBTSIIOD
ou ‘SOTYSTJIOLOBIBRYD TENPTATPUT SBY DPINTI UYOBS 90UTE °SUOTY
-TPUOD 4523 JSPUN SSTITTTIARISUT JTSUY Aq POYTWIT dI9M SPT
-nTJ I9Y30 J0F saanjessduo) wmwTxXewm oUI -aanjyesadws) Is9USTY
Y3 03 STqBIS PLSISPTSUOD SPINTI J0F paixodar axe 4,006 01 0
woIZ Jo 38uex aJangexadmeq syq UT sanTeA L£FTATIONPUOD TBILISUT

*SPINTI SUTYBOTIONT 95BQ OT3OUIUAS PUB TBINGBU OATOMY
JO AJTATAONDUOD TBULISYY Y3} SJINSBSW O} posn sBM TTo0 LT
-AT3OMPUOD TBUWIASY] JO 5dL3 JSPUITAD OTIJUSOUOD TBRSW-TTE Uy

qI0dad POTITESBTOUN

[GhLG-(9T9)¢S d¥ 39Ba3uU0)] (CQT-6S ¥L OAVM fd-T-lle qxodsy
TeuTd IMWN) S9TA®Y 'SNTTT 'TOUT ‘doz -6G6T Lew £pBaxpoN

‘M@ £q ‘SaINTd OITNVMAAH NV STIO HNIIVOINANT 40 AIT
-ATTONANOD TVWYHHL “UeSTUOTW ‘I0qay Uuy €99n3Ii3sul yoTess
-9y UBSTUOTIW JO L1TSJISATUN oY ‘USTUOTW JO AJTSILSATUN YT

av

QITITSSVIONN

THIATSSYIONO

., OOUSISFOI PILPUBLS, B SB USSOUD PINTF € JO 950U3 03 paredwod
Sq UBD UOTABTOIIOD oTqIssod J0J PuB 9sToaad PaIsplsucd age
sonTep ‘oTqissod sxeadde sanTea A}TATRONPUOD JO UOTFBTSIIOD
OU ‘SOTRSTJIS}OBIBYD TEBNPTATPUT $BY PINTI YOBS 9OUIS " SUOTY}
-TPUOD 1593 JOPUN SITATTTIBISUT IToU3 £q DIATWIT SI9M SPT
-NTJ J9Yq0 I0F saanyetsdwsy UMWTXKBW SUL -oangeisdwel JISUYITY
oY1 01 OTQBIE DPSJISPTSUOD SPINTF J0J porrodsx axe I,006 03 OL
woxF FJo afuex aamgersdmweq 29Ul UT SanTBA A1TATIONPUOD TBULISYJ

*SPTNTI SUTQBOTIANT 958Q OT19UGULS PUB TBINGBU SATIML
JO A4TATAONPUOD TBULIDYYG SYJ SJMNSEesW 01 pasn sem TTo0 £3T
-AT1ONPUOD TBWISYY JO odA3 JopurTdo OTJIJUSOUCD TBISW-TTE® UY

qaodax PIaTITSSBTOUN

[GHLG-(9T9)ES aY 29exquo)] (CQT-6C ¥l OAVM fd-T-#LL2 3zodsy
TeUTd T¥WN) S9TA®} 'SNTTT "ToUuT "d9g  -6G6T LeW  “ApeaIdon

‘M@ £ ‘gqINTS OTINVYAXH NV STIO ONILVOI¥ENT 40 XLI
-ATIONANOD TVWYEHL -UBSTUITW ‘JI0QIy UUY €9InaTqsul ydaess
-2y UBSTUOTN JO A3TSJILATUN SYL ‘UBBTUOTW JO £3TSISATU[ SUTL

ayv

qATATSSVIONN

QITATSSVTIONN

, 9OUSISISI PIBPUBYLS, B SB USSOUD PINTJ ® JO 9g0y3 03 paxedwod
80 UBD UOTABTaII0D aTqTssod J0J pue asToaad PaIspIsuocd aaB
senTep -oTqrssod saeadde sanTeA A1TATIONPUOD JO UOTFBTIIIOD
ou ‘SOTRSTISIOBIBYD TENPTATPUT SBY PINTI YOBS SOUTS ' SUOTY
-TPUOD 4893 JSpUN SSTITTIARYSUT ITaU3 £q POITWUTIT oI9M SPT
-nTIy J8Yq0 107 soanyesdulo) WNWTXEW Y ‘aanyessdway JoYITY
oY} 03 STUBAS DPIISPTSUOD SPINTI J0J Ppajgodax axe 4,006 03 0L
woxJ Jo o8uea eangyeIadwel sUYq UT sanTes LJTATIONPUOD TBRULISUTL

*SpINTF BUTFEOTJIGNT SSBQ OT}SYFUAS PUB TBINIBU SATOMY
JO AJTATIONPUOD TEUWISYY SUJ SJINSBW O3 Pasn sem TTed L3T
-AT3ONPUOD TeWIay3 JO adf) JSPUITAD OTIJUSOUOD TBISUW-TTB UY

qx0dal POTFTSSEBTOUN

[GHLG-(9T9)ECE aV 30exzuo)] (GQT-6$ ¥l OQVM ‘d-T-hlle 3aodsy
TeuTd IMAN) SoTd®3 *snTTT "TouT ‘d9g °'6GAT AW *£Lpeaipon

‘M@ L9 ‘9qINTd OTINVHAAH ANV STIO ONITIVOTYENT 40 XII
-AILONANOD TYVWMHHI “UBSTUDTW ‘JI0qIy uuy ‘oini3Tisul yosess
-9y UBSTUDTW JO £3T9ILATUN SUL ‘UBSTUDTH_JO L3TSISATUN YT

av

QITATSSYIONN

QETAISSYTONN

4 "9OUSISTDI PIBPUBLS, B SB USSOYD PINTF € JO 950U3 03 paredwod
SQ UBD UOTIBTSII0D 3TqTssod JI0J pus osToaxd PoISPTSUOD oIB
sanTeA oTqrssod saxeadde senTea L£1TATAOUPUOD JO UOTJRTOIIOOD
ou ‘gOT3eTI930BIBYD TBNPTATPUT SBY PINTF Yoes 90UTE - SUOTY
~-TPUOD 399 Jopun SSTATTIOBISUT JITaU3 AQq PIJTWIT oJ8M SPT
=NTF JI2YF0 IC;1 saanyeJgodwa) umwIxew 9yl aanjexadwey JIsUITY
9U3 03 STYBIS PAISPTSUOD SPINTF I0F partodal I8 g,006 03 0L
WOXF FO 98usa sanjeradwel sy} UT SenTeA AJTATIONDPUOD TBULISYT

*SPINTI SUTABOTINT 9§Bq OTI9YIULS PUB TBINIBU SATSMY
JO A3TATIONPUOD TBULISYYG Y3 SJNSBSW O} DPISn sBM TTo0 L3t
-AT3ONPUOD TBUWLISYY JO odAq JOPUTTAD OTILUSOUOD TBISW-TTB UY

qI0dax PaTFISSBTOUN

[GHLG-(9T9)CS AV 2oBIquec)] (CQT-6C ¥MIL OAVM fA-T-tLLE 2zodsy
TeUuTd I¥WN) SoTq8} "SNTTT "TouTl -dgz - 6CAT LeW -£peaIdon

‘M @ £ ‘SAINTA OTTNVYAAE ANV STITO DNITVOIHENT A0 XIT
~AILONANOD TYWYEHI “UBSTUOTN ‘JI00Jy UUY €83n3TISUT Yogess
-3y UEBTUOTH JO A3TSI2ATUn oYL, ‘UBSTYITW JO L}TSISATUN oYL

av










IIIIIIIIIIIIIIIIIII

T

3 1977



