A031 906

UNCLASSIFIED

ARMY MOBILITY EQUIPMENT RESEARCH AND DEVELOPMENT COMM==ETC F/G 21/4 N
TEST AND EVALUATION OF COMMERCIAL AND MILITARY STANDARD FILTER/--ETC(U)

MAY 76 W R WILLIAMS

USAMERDC=-2176 NL

EEEd0CERRED

NEES00ENESERSE

END

DATE

FILMED
| w777

— T —




B2 28
B2 oo

|||I '™

L

2

s s nes

.O.

CEFEEE

r

r
rr

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963 - A




L i g

TR T T T

ADA031906

\“&

A\
& peve opmeNt &

Report 2176

TEST AND EVALUATION OF COMMERCIAL AND
MILITARY STANDARD FILTER/COALESCER
ELEMENTS AT LOWERED TEMPERATURES

May 1976

Approved for public release; distribution unlimited.

U.S. ARMY MOBILITY EQUIPMENT
RESEARCH AND DEVELOPMENT COMMAND
FORT BELVOIR, VIRGINIA




T e B ORI AR N R

e PR

S

\ |
=l
b
g

Destroy this report when no longer needed.
Do not return it to the originator.

The citation in this report of trade names of commercially
available products does not constitute official endorsement
or approval of the use of such products.



Bl UNCLASSIFIED

; » SECURITY CLASSIFICATION OF THIS PAGE (When Data Entsred)

3 REPORT DOCUMENTATION PAGE ___BEFORE COMPLETING FORM |
[T, REPORT NUMBER 2. GOVT ACCESSION NO.| !

2176

ST AND EVALUATION OF COMMERCIAL AND
MILITARY ETANDARD EILTETR/COALESCEREEMENTS
T g OWERED IEMPERATURES.: / 6. PERFORMING wm NUMBER

‘ = —
C———— — 8. CONTRACT OR GRANT NUMBER(s)

|
k|

s

9. PERFORMING ORGANIZATION NAML AND ADDRESS
Fuels Handling Equipment Division, Lab 2000
U.S. Army Mobility Equipment Research and
Development Command, Fort Belvoir, Virginia 22060

E
AREA & WORK UNIT NUMBERS

@ William R]A'illiams
10. PROGRAM ELEMENT, PROSJERCT. TASK

15. SECURITY CLASS. (of this report)

Unclassified
15a. DECL ASSIFICATI / DOW
SCREDUL E ON/DOWNGRADING

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

1 &2 05506

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Fuels Low-Temperature Fuel Tests
Diesel Fuel Filter Elements

oalescence
Filtration/Separation
|

20. AMSTRACT (Continue on reverse side If necessary and identify by block number)
Tests were performed on military standard and commercial filter/coalescer elements to

compare their ability to 5&(\)alesce suspended water from hydrocarbon fuels at temperatures

approximately 40 to 65™ F. Test fuels were turbine fuel, JP-5, and diesel fuel, No. 2. 3
Comparison tests of two manufacturers of water-in-fuel monitors (turbidimeters) were per- i 3
formed. Charts showing correlations were prepared and formulas were derived. -
§
DD | an'5s 1473  €0iTioN OF ! NOV 65 IS oBSOLETE UNCLASSIFIED °

iﬂ E / ;0 i SECURITY CLASSIFICATION OF THIS PAGE (When Date Er‘.’)




oy A O N RV

PREFACE

L FO D i e 4

'f Authority for conducting research described in this report is contained in The

E % Catalog of Approved Requirement Documents (CARDS) under Project No.
¥ 1G762708D50606 and by request of the US Navy under MIPR N00024-75-MP-5117M
(Basic) dated 30 October 1974. :
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Tests were conducted during January—March 1975 in the POL Test Facility,
MERADCOM, Fort Belvoir, Virginia.
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The work was conducted under the overall supervision of T. H. Jefferson, Chief,
3 Research and Development Group, Fuels Handling Equipment Division, MERADCOM,
g | : Fort Belvoir, Va. "

The following MERADCOM personnel participated in the evaluation program:

William R. Williams, Senior Project Engineer
Conrad Korzendorfer, Technician

4 Richard Crosariol, Test Mechanic

3 Lloyd Johnson, Test Mechanic

William Stoney, Test Mechanic
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TEST AND EVALUATION OF COMMERCIAL AND MILITARY STANDARD

FILTER/COALESCER ELEMENTS AT LOWERED TEMPERATURES

I. INTRODUCTION

1. Subject. This report covers water-removal tests conducted on two types of
commercial filter-coalescer elements, Fram and Velcon, conforming to APl Bulletin
1581 and on the DOD filter coalescer element conforming to Mil-F-8901. All tests
were conducted at below-normal temperatures (approximately 50 to 60° F) with
diesel fuel and with turbine fuel.

2. Background. Military Standard filter-coalescer elements (DOD) perform
satisfactorily for almost all military fuels in temperature levels above 65° F. Mil-F-8901
calls for element qualification in the temperature range of 70 to 90 + 5° F. Below this
level, filter-coalescer element performance is degraded. The US Army is interested in
improving the performance of the coalescer elements, especially with diesel fuel, at
low temperatures for arctic and marine applications. The US Navy and the West
German Navy are interested in removing water from diesel fuel for on-board, turbine-
powered hydrofoil watercraft. This is a critical application because of the presence
of large amounts of saltwater contaminant. At least two manufacturers have developed
coalescer elements to the new API Bulletin 1581 that specifies performance down to
40° F. The two commercial elements, Fram Series 7 and Velcon, and the DOD ele-
ments meet the dimensional requirements of Mil-F-52308 and are capable of being
fitted to the Military Standard Filter Separators.

II. INVESTIGATION

3. Description of Test Facilities. All tests were performed at the MERADCOM
POL Test Area. Two closed pumping loops were utilized; a 100-gallon-per-minute
(gpm) and a 50-gpm system. The 50-gpm system was used in two different configura-
tions: a single test vessel (Figure 1) and two test vessels in series (Figure 2). In most
respects, the test facilities follow those outlined in Mil-F-8901. The basic items in each
pumping loop include: a feed tank, a centrifugal pump of suitable capacity, a water-
injection system upstream of the pump, a water-flow meter, a test vessel (filter sepa-
rator), a fuel-flow meter, a turbidimeter for measuring the amount of water in the
effluent fuel, gages for measuring temperature and pressure, and suitable piping and
valving to operate on a continuing, recirculating basis. A 1000-gallon feed tank located
outside is cooled by cold water running over the tank periphery ; there are no controls
on the cooling system. The centrifugal pump is a Worthington, two-stage pump with
two 7V-inch impellers (50 gpm) or 7/%-inch impellers (100 gpm) driven by a 15-hp
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(50-gpm) or a 25-hp (100-gpm) electric motor. The test vessel used in the 50-gpm sys-
tem is a four-element separator nominally rated at 50 gpm but containing only two test
filter elements with the other two inlets blocked off. The second separator used in
series tests is a three-element Military Standard filter separator nominally rated at 50
gpm; usually, two elements were installed in this vessel with the third inlet blocked
off. The rated flow rate of the separator is a function of the number of elements in the
separator with each element rated at 20 gpm. The 100-gpm system uses a single,
Military Standard filter separator equipped with five coalescer elements and nominally
rated at 100 gpm. The turbidimeter is a Keene model 861F (range 0-30 ppm) or Keene
model 861B (range 0-10,000 ppm). A Monitek model LT-210/130 (range 0.1-1000
ppm) was installed in series with the Keene model 861B for the last series of tests to
compare performance of the two instruments.

4. Coalescer Elements. Three types of coalescer elements were compared:
The Fram Series 7 (lot CCS110), the Velcon (log 1-42083), both conforming to the
requirements of API Bulletin 1581, and the DOD Military Standard coalescer element
(Banner lot C12037-7 or Keene lot C1 3520-02-0) conforming to the requirements of
Mil-F-8901. All three elements conform to the dimensional requirements of Mil-F-
52308. A cutaway view of the Fram element is shown in Figure 3. A cutaway view of
the Velcon element is shown in Figure 4. An end view of the Velcon element shown in
Figure 5 indicates an apparent eccentricity which was found in all such elements
examined. All of the elements are fabricated from quantities of pleated paper and
coarse and fine fiberglass. The Fram element includes an outer wrap of fibrous poly-
propylene. Both the API elements and the DOD element are covered by a cotton sock.

5. Test Fuel and Contaminant. The fuels were fuel oil, diesel, No. 2, conform-

ing to VV-F-800; and turbine fuel, aviation, grade JP-5, conforming to Mil-T-5624. A
single lot was used for each fuel. Characteristics of the two fuels are given in Table 1.

Table 1. Fuel Characteristics

Test Fuel Specification WSIM as Interfacial Tension,
per ASTM IFT (dynes/cm) as
D2550 per ASTM D1331,
Method B
Fuel Oil, Diesel No. 2 VV-F800 13 23
Turbine Fuel, Aviation, Mil-T-5624 96 45

Grade JP-5
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The water injected into the test fuel during tests was supplied by the Fort
Belvoir water utility system. Prior to use, the water was filtered to a residual solids
level of 1 milligram per liter. The pH factor varied from 6.5 to 7.0.

6. Test Procedures and Results. Tests were based upon the water-removal
tests detailed in Mil-F-8901. A variety of tests was performed to determine optimum
flow rate (i.e., the highest possible flow rate while obtaining a reasonably clean efflu-
ent) and to compare the performance of the two API filter elements with that of the
DOD element. Several conditions were varied: number of filter elements in test vessel,
fuel-flow rate, water-add rate, single vessel or two vessels in series operation; the
temperature varied according to conditions at the time — only very limited control was
possible — but it was usually kept below 60° F.

Tests with diesel fuel were performed first. Fresh batches of diesel fuel were
used whenever feasible. Except for the life test, no 1000-gallon, diesel-fuel batch was
used for more than 16 hours of testing at any one time.

Results of all testing are summarized in the Appendix, Tables Al through
A6. For reasons of simplicity, the detailed test sheets are not included but each test is
summarized as follows: pressure and water in effluent are shown only at test comple-
tion or at time indicated; temperatures shown represent the range with the first figure
that of test initiation and the last figure that of test completion. Original test sheets
are stored in Bldg 362, MERADCOM, and are available for inspection.

Table Al represents nearly identical diesel fuel tests performed on the Fram,
Velcon, and DOD elements with a single vessel with two 20-gpm elements and run at
50% and 25% of rated flow with 0.5% and 2.0% water-injection rates. At similar
temperature ranges, the Velcon elements demonstrate superior performance in water-
removal efficiency.

Table A2 represents diesel fuel tests performed on the Fram and Velcon
elements with two vesseis in series and run, for the most part, at 50% and 66.7% of
rated flow with 5.0% and 10% water-injection rates. Performances of the Fram and
Velcon elements were approximately the same.

Table A3 represents identical diesel fuel tests performed on the Fram,
Velcon, and DOD elements with two vessels in series and run at 50% and 25% of rated
flow with 0.5% and 2% water-injection rates. The Fram elements demonstrated the
lowest pressure drop, but the Velcon element was superior in water-removal tests with
the DOD element slightly lower.

11




N
o
4
4

i

Table A4 represents flow optimization and life tests with diesel fuel per-
formed on the Fram, Velcon, and DOD elements with two vessels in series and with
0.5% water-injection rate. After a flow rate is determined that will allow no more than
5 ppm water in the second vessel effluent, a sustained life test is performed to deter-
mine the rate of element degradation. Both API elements performed considerably
better than the DOD elements; the DOD elements were tested only at 10 gpm while
the API elements were run at 30 gpm. The Fram element demonstrated the highest
overall water-removal efficiency as well as the lowest pressure drop.

Table A5 represents turbine fuel tests performed on the Fram, Velcon, and
DOD elements with a single vessel and run at 100% and 115% of rated flow with 0.5%,
7.0%, 5.0%, and 10.0% water-injection rates. The Fram element demonstrated the
lowest pressure drop, but differences in water-removal efficiencies between the three
elements are not significant.

Table A6 represents a turbine fuel life test perfo ‘med on LOD elements with
a single, 100-gpm vessel and run at rated-flow rate with m- st of the test at 0.5% water-
injection rate. On the eighth day of testing, tests were rur. at 5.0%, 7.0%, and 10.0%
water-injection rates. Concurrent with the life tests, comparisons were made between
the Keene 861B turbidimeter (currently used) and the Monitek LT-210/130 turbidim-
eter.

I11. DISCUSSION

7. Effect of Temperature. Graphs of temperature (° F) vs water in the effluent
fuel (ppm) for both separators in series (based upon the values of Table A4) are shown
in Figures 6, 7, and 8. In each case, water-input rate is held at 0.5%. The fuel-flow
rate for the Fram and Velcon elements was set at 30 gpm (50% of rated flow) while the
fuel-flow rate for the DOD element was 10 gpm (16.7% of rated flow). Data analyses
are shown in Table 2.

Correlation was best with the Fram element, but scattering in all three cases
was so marked as to preclude the possibility of establishing a working formula.

8. Effect of Accumulated Flow. Diesel fuel tests could not always be repro-
duced exactly because the diesel fuel was recirculated continuously and thus was being
cleaned continuously. It was not economically feasible to use a fresh batch (1000
gallons) for each test. The problem was twofold: while the batch of fuel was being
continuously cleaned, the filter elements were continuously accumulating material
(including surfactants and gums) from the fuel. To determine if accumulated flow
had any appreciable effect, a plot was made of hours running time vs ppm water in the
effluent (Figure 9). To eliminate differences due to temperature variations, only those

12
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Figure 8. Plot of °F vs log PPM H,0 in effluent with diesel fuel at 30 GPM (50% rated flow) using

0.5%) (Data from Table A4)

three, 20-GPM Fram, Series 7, AP| elements. (Water input rate
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values obtained over a certain temperature interval were included (62 + 2° F). Data
was obtained from the life test of the Velcon API element (listed in Table A4). As can
be seen, the curve remains relatively flat. There appears to be some anomalous values
after about 17 hours at 30 gpm or after about 30 passes through the separator.

The effect of accumulated flow should not be significant for the life tests
performed with turbine fuel. The turbine fuel contains no appreciable amount of gum
or surfactants. But a plot of hours running time vs PPM water in the effluent (Figure
10) for 62 + 2° F indicates a sharp break at about 24 hours at 100 GPM or about 144
passes through the separator. This is most likely due to degradation of the filter/
coalescer elements and not the fuel. Degradation may be due to surface chemistry
effects, mechanical breakdown, or a combination of both.

9. Comparison of Two Turbidimeters. A comparison of the readings of the
Keene 861B turbidimeter (range 0-10,000 ppm) and the Monitek LT-210/130 (range
0.1-1000 ppm) was made. A linear relationship was expected, and a linear plot of the
two readings is shown in Figure 11. Data analysis indicates a correlation coefficient of
0.873 which is lower than anticipated. A solution to the equation for the best straight
line through the points is:

M = 1.695K - 3.416

Where M
K

Monitek LT-210/130 reading
Keene 861B reading.
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[V. CONCLUSIONS

10. Conclusions. Based upon an ¢xamination and analysis of the test data, it is
concluded that:

a. The two commercial filter coalescer elements designed to meet API
Bulletin 1581 show improved performance over the performance of the Military Stand-
ard DOD element in removing water contaminant from diesel fuel at temperatures be-
tween 40 and 60° F. The Fram element demonstrates a lower overall pressure drop
than the Velcon or the DCD elements.

b. Optimum configuration for a filier separator system for diesel fuel
would make use of two filter separators in series using API filter/coalescer elements
and with a flow rate no greater than 50% of rated flow.

c. The API elements and the DOD element demonstrate no significant
differences in removing water from turbine fuel.

d. A continuously recirculated pumping loop is adequate for filter element
testing with diesel fuel if the total number of passes through the test vessel does not
exceed 30.

e. Efficiency of water removal is inversely proportional to temperature
but no definite formula can, as yet, be established.

f. The Keene 8618 and the Monitek LT-210/130 turbidimeters exhibit a
moderate amount of linear correlation.




Lan4 [9sal] 340 ydjeg ysau4 S3IEILPU]x

09 [08L | 2L 0°2 | 65-55| 62 ol “
09 |0ve | s5¢ ) 09| sz oL :
UZZE|[U0eBY | €21 || 0°¢ | 25-2v| 0§ 02 ; (aoa)

UL 77 [ ETU TS0 [85°55[ 05 |0z [ «cd0| 0-g0-02gk

oL | (80 | 0°L 0°¢ 85-vG| G¢ oL "

90 20 | 0°9 S0 | 19-95| s2 ol g
&) ST T (T UT (€5Lv| 08 02 " {(1dv)

UIT [T [ 000 |, §0 | £5-€§] 05 | 02 | =240 sy A

0€5 | 0% | 09 | 02 | 09-85| sz | oL e | A
TSI [ 59| 06 | S0 | s5-6v] sz | ol g R
0z | _

“BL1 591 9Lt 02 mm-_i 0§ 02

! |
56 B |00l | 50 | 65| 0s |02 | . | i
; e " Id
o Otz {"OCT [ ZBU | S0 | ¥SZb| OOl | Ov | [ {1V
| g6z | g6z | 0°2zz2 | s0 | €5-8y| oot | ov le2-4a | Q11537 weay
(Wdd) | (ISd) | (15d)| ::_ :,i ,s:_ :3; _SL
:Eo%@ ull oif urw ggf 91vy .B.m: pajey | 9ey! jo | guawsl3

0%H
403 eaRdag f !

SJUAIOT) hno 0% (300 0 odv| PpY| (eny: g _ mor4! adhL! jo adAy
. . i
i )

S1UBWAJ3 WAD-0Z "OML Yim Jojesedag/san|i4 1531 ibuig
|1an4 |9saiQ ‘sisa | uosuedwo) |y 3jqe i

Viva LSAL GAZIYVIWANS
XIAN3ddV




|an4 [9SaLQ 40 yoleg UsSau4 SIIEILPU]

; _
- |
g'L |09 fowoL| ost| - L | 0°0L{85p5 |0°05 0¢ ¥ 3
i t'e [os foza| Lo oe z | o0°s [8s-2v |0°05 € | « u
gL |09 fooot| tstf - L w (U] . . :
ST (0% (028 |8l - 9 W 9965 | & ; ~
1 €€ | ov Joooz| el | - L | 0§ [£9-LS |0°0S e | .
- I a R £ z " " " " " B
1’9 |09 fzue2] o] - 1 | o0l 85-65 |,°99 o | |
vi |0y Jewel bll] - L | ool 6s . " . T14v)
pybuey) suawazf vl | o€ [|euL| ol - L | 0°s | 65S [0°0S 0f | »2-40| QITSI] wedy
paLtesdn) 3saL €45 | 0v | OLLy | 0L | OF - | 05 | 9sss|eee 0z | .
€% | 09 JuisE | 6" | - U | 0§ [8595 Ly TA (7 ")
86 [ ov Jeeor | oOL| - L | 05 [¢€s6v|00S 0 [x2-40 [QI1S)) wedy
! _
fov [oofoou [ cst] - L | o0s[85Ls| ] g 3 A
ot | oz Jocea| e} - Lt | oot]ss [c99 ov |
‘ [ ve [ o9 |2z | occ| ov - | oou| £5-85{0°05 Y . ) [
lot [ 98 | 209 | 2ot | o5 - | ootfss | . T T e
1 | 't [ oot] zev | oor]] op -] os|ses |rw 5 RS )
! 75939y 08 | 0 ¢el| 209 | 8iL| - L] 05| 59| i L
palte3an) 3sayl 9°Geeg 0°8 f| £°168| L9l ) OF -] 05| €5-¥t | 0°0S oc | »¢c~30§  tBUSTL
(Wdd) (Wdd) j | | | |
1 ano| (1sd) | 300 (1Sd) ——— ()1 (%) | moLdi (Wd9) (N4 |
sjusuwo) | CH| dv| O%H| 4V, A% | -dwsy | pejey| ajey| 40 | 3uawd|3
., i 3sal OjulL auwly vw< Lan4 A Mmol4| adA] | jo adAy
Jojeaedas wW:MJ_ Jojeae OH { |

4oB3 Ul SIUBWA|J WID-0Z ‘334Y L UM $3LI3G Ul S101esedag/1alji4 Om |
[N [3sa1q ‘s1s3] uospRAWOY ‘ZY dlqeL




§

TR Y ey

[an4 3S3L0 40 YdIeg YS3d4 SIILILPUL

—_—

|

|
€0 | co |ov Joss [ooc| t9f oz [ 19-ssf sz | oL . !
70 | 10 | 0¢ [99 | 9¢€z] L9 [ s0 | 9516 s | oL .
g7 [ 80 | 0°Z [S002| Gove] A LLf o2 | 9525 0s | o2 . (g0a)
00 [ 00 |09 JrBi] L9 c1iLff so | os-ev| oS 02 [+2-40 c&uc.mcmmm
T0o [ 10 |0z |89 |88 | 09 oz | 65-95] sz | ot : 1 -
Z°0 o |0z |81t | 8l 9°s || s0 | 9s-1s| sz | ot .
£0 () 0°¢ 0°8S 0'2p | B8 O[) 3¢ | 65-0S 0S 02 " (1dv)
20 | 20 | St J9sE | 9 LoL| so | 6v-cv| 0S5 | 0z [s2-10 8Srek
90 | 70 | z0 Joest| ocal|] zv | 0z | 9s-ts| sz | ot | . | *4
0 [0 [ 0C joes | 029 2¢€ | s0 | v9€9] S | ol %

T [ TT | 0¢ Joesw| 0266 08 | 002 | L69v| 05 | 02 | (1aY)
77 [ 0¢ [0 | T’ [ 95 | 50 | 0955 05 | 02 [+¢-30 [QI150) wed3
(%)

i
(Wdd) | (Wdd)| (15d)} (Wdd) | (Wdd) | (1sq)| 3R | (d4o)| M1 | (We9)! 1ans
SJUBULO) utw 09 3 W Ol O utw pgfutw og oUW OLOf uyw g9 | PBY | "dwal| pajey ajey J0 Juawd|3
a0 0%{an0 0% edvjang oan0 0% agv| O%M | Lend] x| mod| edhi| jo adh]
J03e40dag puodas a03e40dag 35414 | - ",

e Shind i 2y g Gl o ' o - 4 T e ST ey . gea s, S SRR co ot

yoe3 Ul SIUBWA|T WD-0Z ‘39 L YIIM SIS Ul $1012J8dag/101114 OM |
|1an4 |8saiq ‘s1s8| uosuedwo) ‘gv 3|qe|




[3n4 |9S31Q O YOIeY US43 SAIRIPU]

: : Bs oz fosu {eel | - TS I g : .
. ks loe looot [ e [ - R T . v 4
i Mopuz-3sataitle-g  foe  Joset |59 | - 6 | . l09-65 . . :
: P v [0z f[0s6 [8¢v | - ] w69 - . .
: . LS 0°2 0°66 | 8% - L ; 89 " . .
3 " '8 " o'z joss [B'v § - 9 . |89 " " "
. 2’9 lo'z foooL |8t | - g . |89 ! ._ "
. THE T USRS v 18k . .
4 't loz Josou| 6w | - £ . |v9 : g A
2 68 Jo'z fJoowl | os || - 2 A 29 . . .
; awhasi-asarastfere Jorz Josel | vs | - 1 |so (oo [l ol ;
i 9t Joz fo99 |ov | - L |so [z9-99 |zot | ot .
“. < o2 o9 Joesz| 09 | ov - | g0 | vo-eoleee | o2 . >
m . 0°086_]0°S ‘8201 ] 0« | ot - |so |29 Joos | oe % (gog)  *
: 3saL moldflo-06Ll Jo'oL fo'sezL | 98 | oL - |so [19 [c99 | o 2-30] o SRR0S
3 0 0’z fJoe s | - 1 5o 1w Jeo | o g '
" 0 - ot - | o - |so |v9 Lot | oot %
3 g'el |os Jloczs | o6 | o1 - | so |29 |ege | 02 .
. g-zvz | oLl lozee | o1l ] o1 - | so Jo9 Joos | ot .
, . g9t | o711 forzzor] oL ot = T%0 [09 (U | o ;
e 82661 | 0'pL |[0°2802] 0°SL| oL - | so [es |ees | os ; (000)
1 3saL MoLd i8°2hLZ ) o5 florzglz] o4l oL - 5°0 | 65-LS| o0l 09 | »2z-30] ,%070&3%
(Wdd) (Wdd) (u) | ("an)
0| (1sd) ) 30} (154) | (%) (d)| Mor4]| (Wd9) | 13n4
5 $7UBUALO) 0%H dv 0% v | ajey| -dwal | pajey{ o3y | 40 Juawa| 3
| j3531 03U} Awy) ppy| 1ond % Mol4| adAL | 4o adAL
A Jojededag puz | 403esedag 3s| 0°H

483 U} SIUBIBII WJD-OZ ‘BRI L UMM SILIBS U} SI01eIEdDG/I))1d OM L
1an3 |sa1q ‘s1sa 1 917 pue uoneziwndQ MOl4 by 2IqeL




g
.
4

oy

1an4 |8salg 40 ydjeg YsaJ4 SIBILPU]«

|
i _ I |
¥ 't o9 Jottl [s€l - L 0°0L | S§ ¢ . -
. €2 |09 |Jotoz [oal E 1 05 | S5 . ” -
3 60 |09 Jovol |86 - 8 . 69 . . .
. 60 (09 Jo60L [0°0L - L X 89 g : .
S o't |o9 foetr foor | - ]9 . L9 ¢ G .
3 't | o9 o6l | ool - g . 99 : » s |
8 'L | s9 o6zl |00l - b g 9 v . :
: v'L J oLz joevl | Lol - 3 ¢ 29 . . e
. gL |oz fJoect|eol - 2 . 65 . . -
fgast-asaLastf vz [0°¢ fo'6zz | Lot - ! s0 | €s i " .
: 't oz Josst] Lot - L 0°0L |€9-55 " " " "
% el [ oz fJoses | szl ot - 0°S (s . o . »
: 26 | 0°Z Josov|sol 03 - w|Sev [005 | o0f . (14v)
3saL o3| 26l | 06 {07585 | 0wl 0€ - G0 |Lv-€v | 299 | ov | »2-40 [QI1SDD wesy
RYapae-3saLadtll ¢\ | o Jlotzz| 2t - i gt €5 ? g . \
A t's | oe fose | sat - ] a A 89 . . "
o ¢s | oe lose | sal - sl : 89 . . o
. sy | oc foos | 82l - vl 5 19 . . "
4 e's | oe Jose | 82 - £l 3 89 g " .
. €6 | o€ | o'soL| o€l - Z2l . 99 ’ . "
(Wdd) (Wdd) (uw) | (*4H)
o | (1Sd) 0 | (18d) (%) (do) | motd| (Wa9) | 1ong
S3UBUWO) 0| dv ol 4v lasaL ojur awyy| e3e¥| -dwey | peyey| erey| 40 | 3uawal3
PPY| @n4 % MO{ 4 adA| 30 3dAy
Jo0jeaedag pug | 403eaedas 35| 0%H

|

(P,3u0) [an4 [3531Q ‘SISa) 8417 pue uoneziwndQ Moj4 “py 3|qe)



1anj |3saLg 40 ydjeq Ysau4 SIILILpUl &

. 'l | o1l psx Joer || - TR 9 . . .
. 20l | 0Ll jo'soc |oEL | - g ] » T . .
. 700 [ O°IC o8z |O¢EL | - 02 | = | B : X
. oL | oLt fossz [oet | - 6t | » 09 [ " "
. z'tt | o'u josee foer || - $0 o 09 | " .
Rpapac-1saLaitifz'el | o'1L Jorse [o0°EL || - T 9 | " "
. 89 076 oo |let | - ] £ |« " .
v 89 06 foose |eel | - SL .| » 9 | . .
v 89 0'6 foose |52 | - TN 0 . . .
. 89 0'6 fooes |cal | - T €9 [ . "
. €L 0°6 Jooes g2 | - THEN 9 |« . .
F 8°L 0'6 Jooww |oEL | - i . 09 |« . .
- 86 06 jooey |SEL | - or | » 8 | » « ‘
TSI T Tl 070l jo0bp | 9°EL = 6 " S " " " 8
. v 06 Jodee [0€L | - 8 . 09 | « . "
. v'L 0'6 fo9ec [oel | - L " 09 | . . .
" = 0'6 jooey |82t | - 9 . 1 . .
% - 06 fo9sy |82l | - S # 09 | . .
. - 06 fooy |82t | - b ¥ 65 | » . “
" vzt | o fogey | Lel | - £ ' TE . .
. 'Y 0L fooew | L€l | - 2 ‘ 5 | . " .
Adaast-3saL 3411 8¢ o't fooes [ svt | ov | - .« |os-sv | 0°0s €] .
v'eez| oL fjorgsol] o8l | oL -~ | s0 [ev-ov | £°99 ov | »2-40 €802t~
(Wdd) (Wdd) ) 1K) | g 1 g, | mord|  Was| 1and
0 | (1Sd) o | (1sd) a0y | -dwsy | paey| arey| so Juauwd|3
S3UsLWO) 0| dv § O d"fasapoqur aul| PPV ) yany | g mori] sdkL|  so =dAl
Jojeaedag puz [ s03eaedss 3S{ 0%

(P,3u02) jan4 |as31Q ‘SIsa] Bj17 Pue uoneZILNGQ MOI4 “pY BIqe L




TR

“13n3 135340 4O YOIRg Ysadj SIILILPUly

—

Jo0jeaedag pug

Jo03eaedas 3S|

" gL (0L fo08le[ 0Ll - [ 0°0L] €5-16 " " " ]
._ gce | ottt JU UL USL 5 L U0t 15w " ue "
. 78T [ 00l jJoseee| L el A T 05| 1999 " " "
" 29 | 0Okl §0°09 02l o 62 " 59 " " "
" I'9 [ 01l jo°s9 Szl - 82 " 9 " " "
" 8L | oLl JosL 2L . L2 " €9 " " .
" L6 | 0°LL Jo's8 8-zl ; 92 " 19 " " .
QuIp-3saL 3] 2zl | o'LL jootl | O°El - 1] " LS " " .
" Z'LL] oL jfose | o€l & 2 " 09 " . .
" z'zL| oLl josse| O0°€l b mm " 09 " " "
A:u"_xw (18d) Azm_uﬁw (184d) el B (%) (do) | ™oLd ) (Wd9) | 1L3nd
S3uaUW0) 0| dv | oMl av AW | -dws) | pajey| AN | jo uaws |3
1531 O3ut awi “wn 1and X mold } adA) 30 2df)

(P,3u00) jon4 |9s81Q ‘1S3 )1 pue uoneziwRdQ MO|d ‘P d|qeL

i il

&




o o A A A M D ...

2°22 || o0l [ 15-2§ o
602 || 0°§ 25 (aoa)
g'vl || s0 |£s-08 07405043§

s'92 | 0°5 |o0S-L¥
0°92 || 0°S 55
9'tL || S0 |9s-€s
562 || 0-0L] 0s-9¥
0'0¢ || o'0L] 0S-Lb
562 || 0°s |o0s-6v
g€z |l 02 S (1dv)

08l || s0 [ s-Ls woiay 8

w/N | 882 | 8'sL| ool LS
L'y L'y | set] os | ssvs
g-gz< | 882¢] 94t o0's vs
L'y Lv | SeL] o0z | ssws
DA A I8 [ 8L 02 |vssr
-l oz | 90 86 | s0] 159
(qei) 8°9] 89 89| 66t 06| §5¥S (14V)

A%S 0°9 ¢°¢ 9°0 8°0L S0 | 95-vv Q11SJ) wed4
(Wdd) | (Wdd)| (WddJ| (15d) Y| Q)
LwQg < futw 09 JMIWOL dfuiw 09 a1%y| -dwd) Juswal3
N 0%H|3n0 02H[ang Q| o dv | PVl Lany 40 3dAL

a03e4edag puodas = Jojeaedss 3s4i4 0%

sjusWa|3 WJD-0Z ‘OML Yim Jojesedag/lal)ig 353 a)bulg
|en4 auiqun] ‘s1sa] uosuedwo) ‘Gy 3|qe)




| r8d r8dd zo7 ooufzsvs| oot | ov

(ofinz-se] cet| zve| oeg os |vs-1s]| oot | ov

I gzt] 86| ouf os |vses| oo [ o

15339y I -1 vol col sof sofos-es] oot | ov
I =1 e so] e sovsts| oot | o . (aoq)

%

fozis'd s0| 2ol o soesis| sl & ORI
=__Emmw (Raa) | (Waa) :mmw ()] (o) | ™otd| (Wd9) | tons
|

. o om@EE 019 -utw a1ey| -dwa) | pajey| ojey| jo Juawa3
N0 0°H3Ino o z_uBoNz ) vw< Lanyg g mot4 | a8dAL 30 3dA}
0°H

(P,u02) 9n4 uiqun] ‘s1se | uosuedwo) ‘Gy ajqe)

T e A T N A T e i, ame e




4BUWLPLGINL OEL/OLZ-LT %33 LUOK BULSA xx 4333uW(pLq4nt g1 9g duady buish

ficmaa ot Sy meem I WA L R S 2] « | %9 . ; g
e T RS - I 61 " | 99 ; . .
R 5 S0 90 T - 8l W ] 19 . m .
o T FR A - 0 | 970 - i 4 G R B v . .
. , €0 | 10 Z | - ST |+ | €9 " . :
¥ p 1070 | 870 g St | « | 19 " " ;
lt;l,_lel_i#qgﬁl STU | 60 0z - o 95 " "
s . W0 [ 20 2 [ - 10 R . . :
e g0 [ 20 2 W qAd « | 29 p ‘ .
" g0 | ¢0 2 T8 BN I ) ‘ . .
: V0| 20 Ty oL o . . .
4 = 0 22 - 6 w | 09 ’ A .
. 7 o 2 - 8 W | 09 . i .
- 770 2 - L v, . ’ . -

Aeq puodss | - v°0 0z - 9 W | ¥ . . .
" - 0 9l - S .« | 69 . : .
y - 0 9l - v ) . . .
" - 0 a1 - € W | 99 3 . .
' - 0 sl - P . | €9 . . .
. - 0 vl - L « | 19 . . .
. - 0 0 e § - .« | 8 B . .

u - 0 6 oL : S0 | ¥S " " " (aoa)

Keq 3sat - - §-dl

e (Wdd) | (Wdd) :Mﬂ: ?__mv :”v M. Y i E

o B B 5 Byl B sey -ty | poaey - ey

0°H} 0% T& ojup awil fppy o2yl ond| 3 mor4| adhL| o adAy

i AT

5UsWe)3 QOA WAD-0Z ‘@M Uaim siojesedag Jalji4 prepuels Aseiiig WdO 001 aibuis
Sluswa|3 0OQ ‘joNng suIGIn| “183) 3y "9V 9|qe )




ADJBWIPLGINL OEL/012-L1 %23 LUOW Buisn xx

4333uLpLqun) g19g auaay buisn

" 02'L | 9°§ 2§ - £Y . 09
p 098 | 2°L $e. L > 2y ¥ 09
. 00 | v9 & §i Lt ¥ 09
" 059 | L9 (Y7 - ot . 09
._ 026 | 28 52 - 6€ . 09
R UIXIS| 096 | €8 G2 = 8¢ " 95 »
8 WLV ) - A3 y 69 |
" L T AR IR S P G e R |
s 088 |96 | ve T I R I¢
» 088 | 9°6 74 x ve ol i 89
. 088 | 96 - 33 g 99
" 026 | 90l | ve = 73 y 59
" 08°0L[ 9°(L | e - T (A £9
AeqUTTI| o8 oL] 9Ll | ve - 0t . 09
" UU'o U1l te [ 6¢ " 79
p 09°8 | O/LL | €2 = 82 . 9
" ov'8 | 0°IL | €2 - s 9
. 006 | S'LL | €2 g 92 . 9
. 006 | s'LL | €2 - 52 » £9
" 09°8 | SLL | v2 - v2 . 9
" 09°0 | v°0 2 - £2 . 29
—Aeq YOI 090 [ T U 24 5 22 " 0%
g IE0[ 90 22 e 1 59
(Wdd)| (Wdd) | (1Sd) | (W) | ("H) § (2)| (%)
sjusuwo) | xxINQ| %3N0 dv a2y | -dus)
02H{ 0% 1s3] 03Ul awyyppy Q~J {ang

(Pau0d) suswa)3 QOQ ‘1eN4 aulgany 158 8)17 "9V djqe )

32




o et o

oo

R e

e s B

s e

4933uipLQUNL OEL/0LZ-11 X33 LUOK Buisn xx

Jajauipiqun] g198 3uaay buisn

|H]|‘
” 08'se| 22| sf oL | - 0'0L] 95 . g .
. 08°vE| L'8L| €€ o | - . vs . 5 .
z 08°SE| L LL| €€ Tl QAT e S5 3 2 ‘
08°¢| 28L| €€ 0z | - . T . . "
” 08'se| £9L| e ot | - . | ss [oot | oot | .
. 08°l2] 2wL| o0¢ A 5§ P . g
” 08°L2| L'wl| o T Y . 5§ > . .
. 08°'82] z'9L| oF oL | 1 ¥ P 3 L3y o
. 08'8z ((L| of - 1 : 56 . . .
2 08°2z| Llt| O 05 | - . 55 . = >
e 08°52] L'6L] oOF ov | - . 5§ . . .
: 08°5e| 60| 0t o6 | - . 55 - % -
. 324 A O 1 % 5 : 5 :
feq wauba| os-sz| c-oz| o oL | - 0o's | ss | oot | oot .
. 09y | §s| 62 - | 2 . 09 . . e
. 0zv| 0S| 4 - | s . 8s .. s % ST
. ov'v| ss| vz - | os . 85 . . 2
" 0cv| 86| e = | o < 13 k " .
e obv| 0G| ¢z - | sy . 9§ 2 . .
v ovv| 09 v - | . 55 . : g
Aeq qIUSASS | 028 | G LI| €2 "I . 75 . : .
. 08| 29| s = | s . 29 : . P
. 08| 29| 6 | w . 29 . . &
UTW) [T9R)
Wdd ) %
SFBU0) M...uwo @uuﬁw :muv ouuv Qm_w.w. v“wm Auuww_ Fww.._ Ju3W3|3
0f 0% psaL 03Ut MLh ooy 0% jang | x| mowd | edki| o adAy
————————————

(P,u0o) SUBWEI3 QOQ ‘IeNd BuIGIN] ‘1881 &)1 QY BIqeL

33




A318WLPEQUN] OEL/0L2-11 33 LUOW Buisn xx

JajauLpLqan) g19g auaay buisn

!

" 08°2¢ L°8L LE 2 L " £S5 " W
" 08°6€ L2 9¢ 0¢ = " 1 %°] n "
" 08" LY L°€2 9E ob i " Qm " "
" 08 ' 6€ L°02 9t 0¢ = " 14 " "
m 08 °2€ ‘8l 9¢€ 0¢ o " bS " "
(Wdd) | (Wdd) | (1Sd) [[(UtW) [T 4H) )
300 | x300 dv % q Mol 4 #Wdo
$IUBWIOY) 0%H 0%H ey - am_w.w. payey ASSV_
=m.£ ojut aullfppy 0% Loy [ % o[ 4

e e 2 s,

s i S ik

(p,3u0d) suUBWa|3 OQ ‘18Nd BulqIn) Is3) 8)IT "9V 3qeL

b

i

M o sk M sl o e aticnd Chie




12

No. Copies

Addressee

Department of Defense

Director, Technical Information

Defense Advanced Research
Projects Agency

1400 Wilson Bivd

Arlington, VA 22209

Director

Defense Nuclear Agency
ATTN: STTL
Washington, DC 20305

Defense Documentation Center
Cameron Station
Alexandria, VA 22314

Department of the Army

Commander
US Army Materiel Development
and Readiness Command

ATTN: DRCRD-WB DRCRD-T
DRCRD-J DRCRD-O
DRCRD-G  DRCRD-FP

5001 Eisenhower Ave

Alexandria, VA 22333

Commander, HQ TRADOC
ATTN: ATEN-ME
Fort Monroe, VA 23651

HQDA (DAMA-AOA-M)
Washington, DC 20310

HQDA (DAEN-RDL
Washington, DC 20314

HQDA (DAEN-MCE-D)
Washington, DC 20314

Commander

US Army Missile Research and
Development Command

ATTN: DRSMI-RR

Redstone Arsenal, AL 35809

Chief, Engineer Division
DCSLOG
ATTN: AFKC-LG-E

HQ Sixth US Army
Presidio of San Francisco, CA
94129

DISTRIBUTION FOR MERADCOM REPORT 2176

Addressee

Director
Army Materials and Mechanics
Research Center
ATTN: DRXMR-STL
Technical Library
Watertown, MA 02172

US Army Ballistic Research
Laboratories

Technical Library

DRXBR-LB (Bldg 305)

Aberdeen Proving Ground, MDD
21005

Commander

Edgewood Arsenal

ATTN: SAREA-TS-L

Aberdeen Proving Ground, MD
21010

Commander
US Army Aberdeen Proving
Ground
ATTN: STEAP-MT-U
(GE Branch)
Aberdeen Proving Ground, MD
21005

Director

US Army Materiel Systems
Analysis Agen

ATTN: DRXSY-CM

Aberdeen Proving Ground, MD
21005

Director
US Army Engineer Waterways
Experiment Station
ATTN: Chief, Library Branch
Technical Information
Center
Vicksburg, MS 39180

Commander

Picatinny Arsenal

ATTN: SARPA-TS-S No. 359
Dover, NJ 07801




No. Copies

Addressee

Commander
US Army Troop Support and
Aviation Materiel Readiness
Command
ATTN: DRSTS-KTE
4300 Goodfellow Blvd
St Louis, MO 63120

Director

Petrol & Fld Sve Dept

US Army Quartermaster School
Fort Lee, VA 23801

Commander

US Army Electronics Research &
Development Commar:d

ATTN: DRSEL-GG-TD

Fort Monmouth, N] 07703

President

US Army Aviation Test Board
ATTN: STEBG-PO

Fort Rucker, AL 36360

US Army Aviation School Library
P.0O. Drawer 0
Fort Rucker, AL 36360

HQ, 193D Infantry Brigade (CZ)

Directorate of Facilities
Engineering

F o:"tg Amador, Canal Zone

Commander

Special Forces Detachment
Airborne), Europe

APO New York 09050

HQ, USAREUR & Seventh Arm
DCSENGR, ATTN: AEAEN-M
ATTN: Mil Ops Div

APO New York 09403

Engineer Representative
US Army Standardization Group, UK
Box 65, FPO New York 09510

Commander

Rock Island Arsenal
ATTN: SARRI-LPL
Rock [sland, IL 61201

36

No. Copies

Addressee

Plastics Technical Evaluation
Center
Picatinny Arsenal, Bldg 176
ATTN: A. M. Anzalone
SARPA-FR-M-D
Dover, N] 07801

Commander

Frankford Arsenal

ATTN: Library, K2400, B1 51-2
Philadelphia, PA 19137

Learning Resources Center
US Army Engineer School
Bldg 270

Fort Belvoir, VA 22060

President
US Army Airborne
Communications and
Electronics
ATTN: STEBF-ABTD
Fort Bragg, NC 28307

Commander

Headquarters, 39th Engineer
Battalion (Cbt)

Fort Devens, MA 01433

President

US Army Armor and Engineer
Board

ATTN: ATZK-AE-TD-E

Fort Knox, KY 40121

Commandant

US Army Command and
General Staff College

ATTN: ATSW-RI-L

Fort Leavenworth, KS 66027

Commander

2nd Engineer Group
ATTN: S4

APO San Francisco 96301

Commander and Director
USAFESA

ATTN: FESA-RTD
Fort Belvoir, VA 22060

MERADCOM

Commander

Technical Director

Assoc Tech Dir/R&D

Assoc Tech Dir/Engrg & Acq




No. Copies

Pt e et DD QRO QO e e

Addressee

Assoc Tech Dir/Matl Asmt
Assoc Tech Dir/Tech Asmt
CIRCULATE

Chief, Lab 1000
Chief, Lab 3000
Chief, Lab 4000
Chief, Lab 5000
Chief, Lab 6000
Chief, Lab 7000
Chief, Lab 8000
Chief, Lab 9000
Chief, TARSO
CIRCULATE

Lab 2000

Fuels Hdlg Eqpt Div

Research & Dev Group

Tech Reports Ofc

Security Ofc

Tech Library

Requirements & Programs Ofc
Information Ofec

Legal Ofc

Department of the Navy

Director, Physics Program (421)
Office of Naval Research
Arlington, VA 22217

Director

Naval Research Laboratory
ATTN: Code 2627
Washington, DC 20375

Commander, Naval Facilities
Engineering Command

Department of the Navy

ATTN: Code 032-A

200 Stovall St

Alexandria, VA 22332

US Naval Oceanographic Office
Library (Code 1600)
Washington, DC 20373

Officer-in-Charge (Code L31)

Civil Engineering Laboratory

Naval Construction Battalion
Center

Port Hueneme, CA 93043

Director

Earth Physics Program
Code 46:

Office of Naval Research
Arlington, VA 22217

No. Copies

Jo—"

Addressee

Commander

Naval Sec Systems Command
ATTN: NAVSEA Code PMS 303.5
Washington, DC 20360

Department of the Air Force

HQ USAF/RDPS
Q’Ir. Allan Eaffy)
ashington, DC 20330

Mr. William J. Engle
Chief, Utilities Rranch
HQ USAF/PREEU
Washington, DC 20332

AFSC/IN]
Andrews AFB, MD 20334

AFCEC/XR/21
Tyndall AFB, FL. 32401

HQ USAF/PREES

ATTN: Mr. Edwin B. Mixon
Bolling AFB-Bldg 626
Washington, DC 20332

AFAPL/SFL
Wright-Patterson AFB, OH 45433

Department of Transportation
Library, FOB 10A, TAD-494.6
800 Independence Ave., SW
Washington, DC 20591

Others

Professor Raymond R. Fox

School of Engineering and
Applied Science

The George Washington
University

Washington, DC 20052

Commandant

US Coast Guard
ATTN: ENE

400 Seventh St., SW
Washington, DC 20590




