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FOREWORD

" The General American Research Division (GARD) of General Americsn Trans-

portation Coiporation (GATX) was contracted by Stanford Research Institute

(SRI) for ‘the Office of Civil Defense to design, fabricate, and iest flexible

plastic tubing and fittings which would provide a system for handling venti-

lgtion air‘in“fallput sheiters when used with the Shelter ventilator (shown
'beloﬁ) specified in MIL-V-40645, "Package Ventilation Kit, 20-Inch Fan, Modular

» Drive (Civil Defense)". This prdgram was performed under SRI Subcontract

B-70925(4949A-28)-US with Mr. C. A. Grubb serving as project monitor.

PACKAGE VENTILATION KIT IN OFERATION
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ABSTRACT

Testsvyere cohducted.to determine theApressure drop chafacteristics of
120-inch diameter, h-mil thick, polyethylehé tubing and both factory and
shelter fabricated 90-degree elbuws. The tests were performed at flow rates
ranging from 1300 t¢ 4100 cubic feet per'minuté. These plastic components
are part of a pcrtéble ventilatibnAsystem that, hés been develbped for Civil

Defense fallout shelters, Specification MIL-V-LOS4S.

Fully inflated 20-inch diameter plastic tubing has about ﬁhree-quarters
‘of the pressure drop of sheet-metal duct. However, the last fifty feet of a
plastié dugg'éystem, which is_not completely inflated, has 1-1/2 tc 2 times the
pressure drop per foot ol fully inflated plastic tubing. The result is that
for duc£ systems over 100 feet long th: pressure drops for sheet-metal and

plastic tubing are approximately the same.

The friction losses for both factory fabricated and shelter fabricated
elbows weré established. A U4O-inch, smooth radius, 90-degree factdry
fabricated elbdw is recormended for use with the Civil Defense Package
Ventilation Kit. This elbow developska pressure drop equivalent to 50 feet
of straight tubing. The best shelter fabricated elbow is a three-piece elbow
with a radius of 60 inches that can be fabricated from the straight‘tubing
and tape stocked in the Package Ventilation Kit. This elbow develops a

pressure drop equivalent to 90 feet of straight tubing.
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SFCTION 1

INTRODUCTION

A Package Ventilation Kit (PVK) was developed (see Figure 1 and Ref, 1)
for use as an inexpensive methcd of exhausting stale, hot and humid air from
fallout shelters. This ventilator is intended for use with flexible plastic
duct systems (see Figure 2) and, therefore, flexible plastic tubing and fittings
are supplied with the Kit. The objectives of this program are to determine the
friction loss of flexitle *ubing and fittings, and to reccmmend the best

fittings, based on ccst and pressure drop, for use in fabricating shelter duct

systems.

Figure 2 PVK DUCT RYSTEMS

GENERAL AMEMCAN REESARCEH VIMNON




SECTION 2

TEST PROCEDURES

2.1 Apparatus

The test apparatus consisﬁed of an 8,0C0 cfm centrifugal'blower connected
by a flexible wire-reinforced cloth duct to a 47 foot long, 20-inch diameter
test stan. which was fabricated from 2b U.S, Gage, zinc coated steel spiral
‘conduit duct with 6 inch seams {sez Figurss 3 and LY. The design of the test
stand is based on recommerdations of the National Electrical Manufﬁcturers
Association (Ref. 2). Air flow rates were measured with a lh-inch dieameter
aperture sharp-edge orifice plate which was calibrated with a pitot tube five
feet upstream from the orifice. Two’air straighteners were located approximst:«ly
14 feet and 28 feet upstream of the crifice plate to reduce turbulence. A
piezometer ring was located 14 feet downstream from the crifice and 5 feet from
the end of the test stand. Inclined manometers were used to measure the pres-

sure drop across the orifice, and the static pressure drcp of the test specimers.
2.2 Methods

The specimens werz first taped to the tést stand. The blower was adjus:s .’
to provide the desired flow rates, and the static pressure loss and flow rate
(orifice differential pressure) were recorded. Parometric pressure, dry-bult
temperature, and wet-bulb temperature were recorded before each test to provid-«
the flow rate correction facter to standard air | 0 = 0.075 lbs/cu ft). The
tare pressure drop of the test apparatus,i.e., the pressure drop caused by th=
5 foot length of spiral duct between the plane of the measuring station and

the plastic specimens, was subtracted Trcm the test data after its correction i

L
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standard air. To establish the tare pressure drop, the friction loss for 100

feet of 20-inch spiral duct -- as measured from the static pressure measuring
station -- was determined with the apparatus described above, and the results

are shown in Figure £. The tare pressure drop for the length of spiral conduit

between the static pressure measuring station andé the test specimen was
celculated by multiplying the values of Figure 5 by 0.05 (see Tatl.e I); i.e.,

the ratio of the five foot length to the totai 100 feet spiral duct tested.

Table I

Tare Pressure Drop of the Test Apparatus

Air Flow Tare Pressure LDrop
(efm) (inches of water gage)

‘ ] 1200 0.0010
1400 0.0013

: 1600 C.0018

B 1800 0.0022
2000 ¢.0028

2200 0.0033

} 2400 6.0039

. 2600 0.0045
2800 0.0052

l 3000 7.0059
|. 3200 0.0066
3400 0.0075

- 3 0.0083
J 3600 0.2091
5000 0.0:00

1200 0.0110

| ]

l :l matufactured by the Carrier Corporation, is approximately five per cent lower

As shown in Figure 5 the friction ~f air ir stralight apiral duct, as

than the thecretical values recommended in the fricti-n chart of the ARHRAE

' ] Guide and Data Book (Rer. i),

|1
i1
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2.2.1 Tubing

tested at flow rates from 1200 to 4100 SCFM (standard air) with the discharge

end of the tubing urrescrained (see Figure 6).

Five high impact strength (Type IL), untreated (Finish 1) tuving specimens

i Plastic tubing lengths from L50 to 50 feet in increments of 50 feet were
ﬂ were tested. Of these samples one was low slip* (Grade A), three were medium

slip (Grade B), and one was high slip (Grade C). The diamcter is 19.75 + 0.25

‘I inches, and tue thickness 0.004 (4-mil; + 0.0008 inches. The samples were
furnished by the Sinclair-Koppers Company, Inc. and the Naticnal Poly Products,
I Inc. Thin gage polyethylene films are classified as follows (Ref. 4)s
I: Type 1 Normal impact strength.
’ Type 11 High impact strength.
! B Grade A Low slip.
j Grade B Medium slip.
l ] Grade C High slip.
Finish 1 Untreated.
l ! Finish 2 Treated.
I l 2.2.1.1 Duct Adaptor
Afver determining the friction loss oi‘ra plastic tubing specimen,
|1

the duct was tested with the duct adaptor attached to the free-end (see Figure 7).

#The test apparatus and methods tr determining the impact strength and slip
l feinetic caefticient of trictivn) are presvnted in Federal Specitfication
L-P-378. VFinish 2 film is treated to all.w printing ink to adhere.
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Figure 6 TEST OF THE TUBING WITH THE END UNRESTRAINED (FREE AIR DISCHARGE)

Figure 7 TEST OF THE TUBING WITH THE DUCT ADAPTOR

GENERAL AMERICAN REBEARCH QIVIBION
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The purpose of this test was tc determine the friction loss of the system with

and without the duct adaptor for those duct systems where its use is optional.

2.2.1.2 PVK Application

After determining the friction loss of plastic tubing specimens these
same specimens were attached tc a calibrated Civil Defz=nse Package Veniilation

Kit ventilator and the power input was measured (see Figure 8). Knowing the

kwattage input to the system the air flow and pressure drop were determired from

the fan motor performance curve {Ref. 5,. The air flow obtained by this method
agreed within three percent of the values obtained with the test set-up.
Therefore, the friction loss for ﬁubing and fittings determined herein can te
applied tc the Civil Defense propeller-type ventilator as zpecified in MIL-V-

Lo6us.

Figure 8 PVK-DUCT TEST

GENERAL AMERICAN REBEARCH QIVISION
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2.2.2 Elbows

The friction loss of all fittings with 10C fect of siraight tubing on the
downstream end of the systsm wer= ccmpar<d tc each other. Testing with a duct

on the discharge end cf the slbcws was necsssary tc fully inflate the fittings,

m

and the results are therefore only applicabls tc fully inflated fittings. The
best factory fabricated and sheltsr fabricated «lbows were then further tested
with duct lengths of 10C, 200, and 300 fe~t to d:termins the effect of static

pressure on the elbow pressure drop cr equivalent duct iength (EDL).

2.2.2.1 Factory Fabricated Elkows

A preliminary specification fur flexitls plastic elbows which might
be used in constructing a sh=lter duct system tc b- attached to a portable
ventilator was sent to =ight fabricators. This specification is included a5
Appendix B. The temperature rangs, {low re-:, and internal pressure were
specified to incorporate the most adverse conditicns expected during storage
and operation. Cost quotations wers regussted for the fasrication of elbows
in seven configurations with varying centerline radii from 20-inches to 60-
inches. Table II shows the relativs production costs of the 20-inch diame:: v,

90-degree, smocth radius elbow with a 4C-inch centerline radius,

The majority of fabricators prefarred th= us~ of pciyviryl chloride
(PVC) because it is easily heat s-alecd and less expensive. All manufacturrrs
indicated that the smooth arnd mitzr -lbows weres the sinmplest and least
expensive to fabricate ir flexible piastic, The cosr cf the miter elbow

was essentially the sam= as 2 socot® =ibcw with a c=nterline radius of 20

GENERAL AMERICAN RESEARCH OIVISION



Table II

Costs of Smooth Elbow

Manufacturer { Material Thickness Quantity
mils 500 350,000 700,000 | 1,050,000
Folyvinyl
1 Chloride L $2.00 $1.28 $1.26 $1.24
Poly-
2 ethylene b $15.35 $3.00 $3.920 $3.00
Polyvinyl
3 Chloride 3 $3.10 $2.75 $2.60 $2.55
* Polyvinyl
L Chloride L $2.08 $0.L3 $0.38 $0.37

- *¥Qutside seams of full production units would not he trimmed.

inches. Therefore, Yy0-degree smcoth and miter eibows of 4- and 8-mil thick PVC

with centerline radii of 20, 30, 40, and 60 inches were selected for testing.

A wire-reinforced elbow was also tested {see Figure 9). This elbow was
constructed by inserting s helical coil of 0.072 inch dia. tinned music wire
inside a straight length of four-mil, 20-inch diameter, polyethylene tubing.
The wire was taped to the inside of the duct every 90-degrees around the

periphery of the tubing, and the distance between hoops was six inches.

2.2.2.2 Shelter Fabricated Elbows

The shelier fabricated elbows that were tested were hand-tucked,
3-piece, and packilis: boxes taped toreiher. The hanu-tucred eibow was cons
structed by ftorming tucks or pleats on one side or the tublne and taping the

tucks so that a cradual radius of curvatwe was developed (zee Fijsure '9),

GENERAL AMERICAN RESEARCH DIVISION




Flgure 10 HAND-TUCKED ELBOW
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The excess material inside of the duct, formed by the tucks, was placed down-
stream to reduce the resistance to air flow. This elbow is difficult to
construct, and in most cases requires a relatively large floor area when

inflated as compared to the other elbows.

A three-piece elbow was fabricated from polyethylene tubing by cutting
two 32 x 16-1/2 x 32 inch triangular-sheped sections 58 inches apart (see
Figure 11). The tubing was taped after overlapping the downstream seam
(relative o the direction of the air flow) approximately one inch. This
provided an elbow with an approximate centerline radius of 60 inches (see

Figure 12). This elbow is easily constructed with a template.

A rigid elbow was constructed from a corrugated fiberbcard box (see
Figures 13 and 14) and tested. The packing box elbow, especially one less
than 90-degrees, is very difficult to construct and requires materials which

in many cases will not be found in shelters.
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Figure 11 SHELTER PAGBRICATION OF A <(-INCH RADIUS, "X2-DEGREE, THREE-PIECE bLLBOW
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Figure 13- SHELIER CONSTRUCTION OF THE PACKING BOX ZLBOW
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Figure 14 PACKING BOX ELBOW IN OPERATION
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SECTION 3

RESULTS AND ANALYSIS

3.1 Tubing

The friction of air in straight polyethylene tubing for lengths from 50
to 450 feet are shown in Figure 15. These curves are basei1 on a least squares
regression of the test data as shown in Appendix A. The standard error of
estimate; i.e. the mean of the square of the differences between the data and
the fitted curve ranges from 0.007 inches of water gage (iwg) for the 150 foot
length to 0.023 iwg for the LOO foot length. As indicated by the data presented
in the Appendir, the low slip specimen has the least friction loss for all
lengths except the 50 foot length. It was expected that this specimen would
have the highest friction loss, and the high slip specimen the minimum friction
loss. It is felt that an insufficient number of sampies were iested to establish
if friction loss can be correlated tc slip since orly one lot of the low and

high slip specimens was used.

Figure 15 and Table iIl show that the pressure drop for the last 50 feet
of tubing in a duct system is from 1-1/2 to 3 times as great as that for duct
elsewhere in a system. As shown in Figure 6, page 9, the last 50 feet of
tubing in a duct system is not completely inflated due to the weight of material
and decreased static pressure in this part cf the system. The air vzlocity
in a partially deflated duct is grealter than that in an inflgted duct sirce
the cross-sectional area is iess than that of 5 fully inflated or circular
duct. Since the pressure drop due to friction is approximately proportional

to the velocity squared, the increased velocity in partlally inflated

GENFRAL AMERICAN REBEARCK DIVIBIOAN
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duct results in an increased pressure dr.p in this section of duct. As the
flow vate increases, the length of uninflated tubing in a system decreases.

As shown in Table I1IT the friction loss for the polyethylene tubing other than
the last fifty feet in the system is approximately proportional to the length.
For example: at 1000 scfm the pressure drop increases 0.007 iwg (range:

0.006 to 0.007) for every fifty feet additionel tubing; at 300C scfm it
increases 0.049 iwg (ringe: C.OW7 to 0.C51) for the same length increments.
The friction losses of polyethylene tubing and sheet-metal ducts are also
compared in this table. In general, fhe friction leoss of inflated polyethylene
tubing is less than that fcr the same diameter sheet-metal ducts, whose pressure
drop is directly proportional to lengtn. At 1000 scfm the friction loss of
inflated plastic tubing is 0.007 iwg per fifty feet as compared to 0.008 for

the sheet-metal duct; at 3000 scfm the friction losses of plastic tubing and

sheet-metal ducts are 0.049 and 0.065 iwg per fifty feet, respectively.

A matheratical expressicn derived from the least squares fitted curves of

the data (see Appendix A} is:

| ’
1 M

P = 1.915 x 1,0’6 [Ql'%g’ +0.01096 (%’6 - 1) Ql'833] (1)
where:
P = static pressure loss, inches of water gage
l' Q = air flow rate, standard cubic feet per minute (scfm)

i

. L tuving length (fur lengths of 50 feet and longer)

The solid curves in the Appendix are based on the test data, while the dotted

l. portions of the curves were generated with Equation 1.
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3.1.1 Duct Adaptor

~

The FVK inciud=s a Duct Adaptor which is used to seal the plastic ducting
tb a window o dcorway opening ir a shelter. This adaptor was tested with
plastic duct to determine if it could support the discharge end of the duct,
and thﬁs reduce the high friétion loss o: the final fifty feet of tubing in
& system. The Duct Adaptcr increased the static pressure loss through the
duct system‘since a negative pressure occurs upstream of the adaptor. This
additional pressure loss results from the converging and expanding air stream
through the reduced flow area i{see Figure 7, page 9). Therefore, the Duct
Adaptor specified for the Kit (MIL-V-LO64S) does not include legs, and is
intended for use in windows, doorways, or partitions cnly. When the air
supply for the sheiter e=nters the duct exit opening, or cother rnearby air
supply openings, the duct should extend at least 35 feet from the huilding,

and should not include the Duct Adapto (free air discharge).

3.1.2 Condition of Duct

Creases are formed in the tubing during fabrication by rciling the tubing
on a cyliﬁdrical core., Tests with these creases in both ths horizontal and
vertical positions preduced the same static pressure losses. The tubing that
was walked on and crushed, however, did indicate a decrease in static pressure
loss and less "whipping' ard "flutter" at tne dischargs end. Ripples are
formed 1n new tubing when it is first inflated [see Figure 16). After the
tubing is crushed, wrinkled, ard generally abused, these rigpples diminish,

thus accounting for the 4.¢v ase irn static pr asure losses,
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3.2 Elbows

Each of the factory and sheiter fabricated candidate elbows was tested
by fastening it to the test stand and taping a 100 foot section of polyethylene
duct to the downstream end of Lhe elbow to assure that the elbow is fully
inflated. The pressure losses measured for these systems are presented in
Figure 17. Based on the results of this comparison of factory and shelter
fabricated elbows, a series of tests were conducted to determine the length of
straight duct equivalent tc the pressure drop for the recommended factory and
shelter fabricated elbows when fully inflated. These tests evaluated the
elbows with straight lengtﬁs of tubing. The tubing was attached directly to
the elbow by overlapping approximately one inch of the end of the elbow and
te ying the seam. When inflated these elbows prcduced a total curvature or
bend of approximately 110 degrees. This phenomenon is caused by stretching
of the plastic material due to the elbow internal pressure. Since the surface
at the outer radius of the elbow contains more material than the surface at the
inside radius, the effect of the stretching produced an angular bend of more
thaen 90-degrees. Prior to recording data, all =lbows were inflated and trimmed
to form a 90-degree angle. No attempt was made to determine the equivalent

duct length for partially inflated elbows.
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3.2.1 Factory Fabricated Elbows

The elbows with the lowest pr-ssur~ losses are factory fabricated smooth
radius elbows {see Figure= 17}. For a givsn configuration. the elbows fabricated
from four-mil plastic had lowsr pressure losses than those fabricated from
eight-mil plastic. The change in pressure loss with centerline radius decreased
as the centerline radius approached €0 inches. The elbows with centerline
raedii of LO-inches and €0-inches have rearly identical pressure losses,
indicating that the trade-off point for centerline radius versus pressure loss
is approximately LO inches. Increasing th- cent<rlin- radius beyond this point
provides only a minimal decrease in pressures 103s, and requires considerably

more shelter floor area wher inflated,

The mitered elbow had a considerable pressure drop, even greater than
the shelter fabricated three-piece «lbcw, because of the extreme flutter and
vibration which developed. Figure 18 is "stop-action” photographs of the

miter elbow illustrating the amplitude of the pulsation 1n the tubing and elbow.

The wire-reinforced elvow {s-= Figure 9, page 13) developed excessive
pressure losses. This «lbow had to te restrained at “low rates above 2000 cfm
to keep it from straightening out. With the restraint, the =1bow tended to
kink into a short radius elpbow such as a miter =lhcw. This instability

resulted in the high pressures 1o0ssi-z.
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The four-mil polyvinyl chloride 40-inch smooth radius elbow is the best
factory elbow when considering pressure drop, space reguirements, material and
-cost. Figure 19 shows the resultS'ofrfurther tests performed on this elbow.

The solid lfnes'show~the pressurs losses for the elbow with straight lengths of

“~

tubing dt@achéd tc the dcwnstream side, the broken lines show the pressure losses

for the straight lengths only. It can be seer: that the equivalent length of

straiggj tubing,for the 40-inch smooth radius =lbow is approximately 5C feet

when fully inflated. For the clbow to ke fully inflated fifty feet of straight

tubing must be on the downstream side.

3.2.2 Shelter Fabricated Elbows

Of the shelter fabricat=3 <ibows (222 Tigure 2. the threes-piece elbow
results i; the ieast pressure loss. The =1lbcw made erm racking boxes produced
the'largest pressure loss. This elbow was extremely stable at ail flow rates;
however, .the exit and egtrance losses of the air stream in the plenum-like

box produced tﬁe high pressure lossﬂ kThe best hand-tucked «lbow resulted in

pressure drops considerably higher thar those showrn in Figure 17. Since the

results were erratic (due to the elbow being unstable’ nc curve is presented.

Since the three-piece elbow has theisast pressure 1oss this elbow was
further tested with 100, 2CC, and 300 feet of tubing (see Figure 21). It can

be seen that the pressure loss of the three-piece «ibow with a centerline

radius of 60-inches is equivalent tc 90 {2t of straight tubing when ~ully
inflated. For the elbow 4o t- Cuily rflat=1 117~y fect of straight tubing

must be on the downstream siue-
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Hand-tucked Elbow

Figure 20 SHELTER FABRICATED ELBOWS IN OPERATION

GENERAL AMEBRICAN AEREARCH OIVIBION

31

e g

N |

-
N

]

-l



[] ua AP EARYENEN] RRANNUORED
[ - ' T
4 ' b l.ouc*r LENGTH |
l S3oT ; L am Frow <4 [ 20~
[ , ¥ ]
' TUBING ~— SINCLAIR - KOPPERS
Lk MEDIUM SLIP
l (sse APPENDIx A, svmsm. Q)
b
h( y 4
| 5
%
]
‘8 .
[, g .3 e :
™ T .
§ ‘
] : '
&2 2
i 3
' +
of '
g ‘
-l ]
g
? ol y
J J.
] o1
!
' ' 1
.0
y - ) o]
' Flov Rate, CFM @ 0 = 0,075 LBS/CU ¥T
Figure 21 FRICTION 10SS OF THE THREE-PIECE, 60-INCH RADIUS, ELBOW
l GENENAL AMERICAN RESEARCH DIVISION
32

- my N R e ———— A Tt ovia & i <o

]




SECTION U

SUMMARY AND RECOMMENDATIONS

“The friction losses of the h-mil.polyethylene tubing specified for the
;Package Ventilation Kit, MIL-V-LO6U5, have been determined (see Figure 15 and
Equation 1), and have been incorporated into the PVK rating (Ref. 6). Fully

infiated 20-inch diameter plastic tﬁbing_has about three-quarters of the
pressure drop of sheét-metal duct. However, the laét fifty feet of a plastic
duct system which is not cbmpletely inflated has 1-1/& to % times the pressure
drop per foot of fully’iﬁflated plastic tubing. The r=sult is’that for duct
systems over 10C feet loﬁg the pressure drops for she<t-metal and plastic

tubing are approximately the same.

The Duct Adaptor supplied with the PVK_should pe used to rr:vent re-zir-
culation in windows and docrways when the duct system terminates there, and
when necessary in corridors and partitions_for developing systems which
control the flow or distribution of air. Th= Duct Adaptor should not be
used elsewhere, such as the end of the duct outside of a buildirg, since its

use incregses the system pressure drop.

The smooth 40-inch radius plasti: elbow is the best of the factory
febricated elbows, This elbow when fully inflated results in a pressure
drop equivalent to 50 fest of straight tubing. For the =lbow to be fully
inflated at least 50 fect of tubing must be on its downstream side. Since
this elbow must be cﬁt at 75-degrees wh-n uninflat<~ sc that the resulting

inflated elbow is 9C-degrees, it ls recommend-d that "Figure 8 of MLL-V-
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40645" be modified as shown in Figure 22.. ‘Yhe cuffs have been remnved since

they are of no valuerfor taping the tubing to the elbow, and in mcst cases
‘Vproduce wrinkles and disvortion. Since pclyvinyl chloride material is easily
heat sealed it is recommended that tnis material be specified in baragraph 3.7.3
of MIL-V-LO645; therefore, the second sentence of this paragraph shpuld reud
as follows:
"The elbows shall be‘ﬁabricated from 4-mil thick pol&vinyl chloride
or typekII, grade C, finish 1 polyethylene conforming to Spécifiﬁation

L-P-376 with a minimum flat dimension of 31 inches."

The most efficient shelter fabricated elbow is the ©0-inch radius three-

piece elbow. This elbow when fully inflated ‘produces. a pressure drop

equivalent to 90 feet of straighi tubing. For the elbow to be fully inflated

at least 50 feet of tubing must be on the downstrcam side.

#
L]

Factors that should be considered in the selection of elbows for use in
shelters are the simplicity of assembly, floor space required when inflated,
stability in operation, and cost. Assembiy of the factory fabricated elbow
in a duct syctem is a simple matter of cuiting straight lengths of tubing
at the aporopriate length, inserting the elbow, and taping the components
together. Any angle between zero and ninety degrees can be obtained by
cutting the elbow at the angle desired. The shelter fabricated elbow can
be fabricated from materials in the PVK, and the required number of 90-degree
elbows can be fabricated to develop a suitable ventilation duct system for
anyv shelter. The three-piece, YO-degree, elbow can probtably be constructed

by the shelterees with a template and instructions; however, fabrication
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of an elbow with angles other than 90-degrees would most likely be difficuit
and confusing. Therefore, it is recommended that:
1) One factory fabricaﬁed elbow be furnished with the PVK. One
elbow should satisfy fhe majority of shelter duct systems.
'_2) A 90-degree elbow template should be included with the PVK
| for those systems requiring more than one elbow. If a system
requires elbows with an angle less than 90-degrees a factory
fabricated elbow should be cut fcr the desired angle, thus
eliminating most cases of shelter fabrication of an elbow other

than 90-degrees.

The equivalent duct length of any plastic tubing system can be determined
by adding the total length of straight tubing plus the number of elbows times
their respective equivalent duct length (see Equation 2) -- 50 feet for the

factory fabricated elbow and 90 feet for the shelter fabricated elbow.

EDL, = L + 50 N, + 90 N_ (2)
where:
EDLs = Equivalent Duct Length of the system, feet
L = length of straight duct in the system, feet
Nf = number of factory fabricated elbows, dimensionless
N = number of shelter fabricated elbows, dimensionless

The pressure drop of these systems may be determined using the following

equation, -
AP = 1.915 x .'1.0-b Q1'3h9 + 0,074 -.‘:)-65 - 1) Q1833 (3)
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where:
Z&P = static pressure drop, inches of water gage
Q = air flow rate, standard cubic feet per minute (scfm)

FDL = Equivalent Duct Length of the system (for lengths of 50 feet
8 ' and longer), feet

Equations 2 and 3 heve been experimentally verified for straight tubing,
and for elbows located anywhere in a duct system except within 50 feet of the
discharge end. Future tests shouid be performed to verify ihe generality of
equations 2 and 3 to a system with the elbow(s) partially inflated (within
the last 50 feet of a system). Tests on other diameter plastic ducting and
ducting fabricated from different thicknesses of plastic should also be per-
formed to establish a general relationship for plastic duct pressure drop in

order to evaluate the performance of shelter ventilators of other diameters.
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APPENDIX A

TEST DATA
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Spec. No. 1278-1
Date: 13 April 1965

General American Transportation Corporation

Specification for Plastic Duct Elhows

1. Scope

A study is being conducted o determine the type, quantity, material,
and configuration of plastic duct fittings which will be required in a
pertable Package Ventilation Kit suitable for Civil Defense fallout shelters.
At present it is anticipated that at least three 90° elbows or three u45°
elbows will be required per kit. This study will inciude fabrication of
various 45° and 90° elbow configurations with subsequent tests and analysis
of each configuration. Selection of the optimum 2lbow will be based cn
efficiency (low pressure drop), stability, and production costs. A production
run of the package ventilation kit will bLe on the order or 350,000 units in
vhich at least three of the selected elbnws will be supplied per unit.

2.  Requirements

2.1 Descrigtion

The elbows are to be fabricated from 4 mil (.004) minimum plastic film
such as polyethylene or polyvinlychloride, etc. with a 20 inch nominal
diameter (equivalent to tubing 31 x .00L). The maximum stati pressure
within the elbows will be 1.0 inches W.G. The meximum air velocity within
the elbow will be 2000 feet per minute. The eltows must be capable cf
being stored (but not necessarily operated) at ambient temperatures of
-60°F o 120°F and relative humiditics of O to 100%. Operational temperature
of elbows in a ventilation duct will be approximately 85°F. The cuffs of
the elbow will be assembled to straight lengths of polyethylene tubing
31 x .00k by means of a ~oupling to form the ventilation duct. Material
for the elbows must be flexible, unsupported plastic film in natural color
and odorless. Type, grade, and finish of plastic material can be specified
by the fabricator. The method of sealing or bonding the seams is left to
the discretion of the fabricator.

2.2 Elbow Configurations

Seven elbow configurations under consideraticn are shown in uraw.ug
number Spec. 1278-1. Each configuration is dimensioned in respect %o a
radius R, nominal diameter D, and a cuff length C. Preproduction models
of each configuration are required for testing and will have the fellowing
dimensions. .

® ... . -t - i, Joy. . RO T
96° smowth eibow (& albows in total)

C « L";, D =« 20", R = 20"
C = 4"; D e 20"; R = 30"
C - u"; n - 2{;‘"; R = ua"
C a uﬂ; D a 20!1; a = wﬂ
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5




Spec. No. 1278-1

90° 3-piece elbow (U elbows in total)

C = L" D = 20" 3 R = 20"
C = L" D = ) 20" ; R = 30"
¢ = ,4" D = 20" ~; R_ = LtO"
¢ = h"; D = 20"; B = 60"
" 90° '5—§iece elbow (% elbows in total)
C = h" D = ‘20" ; R - 20"
C = h" D = 20"; R = 30"
C = ’-l" D = 20"; R = hLo"
C = . h"; U = 20"; R = 60"

90° - miterec elbow (1 elbow in total)
C = 6"; D = 20"

45° swooth elbow (i elbows in total)

C - ,_.r" ; D = 20" ; R = 20"
C = ll'" D = 20" ; R = 30"
Cc = hn D = 20" 3 R = )40!-.
C = h" D = 20"; R = 60"

+5° 3-piece elbow (U4 elbows in tctal)
4L"; D

c = = 20"; R = 20" . - o

C = 5 D = 20" R = 30" - . . -7 ..

¢ = 45 D = 20"; R = Lo" : S o
C = ¥; D= 20"; R = 60" S LR
45° mitered elbow {1 elbow in total) < o - T

C = 6"- D = 20"

The dlmenelon D is nominal and is equivalent io the dlameter of extruded
tubing 31" x .00L, :

3. Quantity

Preproduction elbows for testing purposes will consist of one elbow
per size per configuration or a total of 22 elbows. After testing a cost versus
performance analysis will be conducted to determine the optimum elbow configuration
and size. A production run of the selected eibow will then be made in quantity
of 500 units. A follow-up production run will consist of either 350,000, 700,000,
or 1,050,000 units to be fabricated over a two year period. Cost estimates of
preproduction elbows as well as estimates of each size and elbow configuration
in quantities of 500, 350, OOO 700,000, and 1,050,000 should b»e submitted by
the fabricator.
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INTRODUCTICON

A Puckage Ventilation Kit (PVK) was developedl for use as an inexpensive
method of exhausting stale, hot and humid air from fallout shelters (see
Figure 1). This ventilator is intended for use with flexible plastic duct
systems (see Figure 2) and, therefore, flexible plastiz tubing and fittings
are supplied with the Kit. The objectives of this program are to determine
the friction 13ss of flexible tubing and fittings, and to recommend the best
fittings, based on cost and presgure drop, for use in fabricating éhelter duct

systems.

Fizure 2 FVK DUCT SYSTEMS

1

B. A. Libsviez ani i, F. Berls, “"Shelter Pavkage Yentilation Kit", prepored
for the Otfice f Civil [=fense under Cintract OCP-PS-64-22, 0D ¥ork Uni:
14238, Genera) Amerl:an Transporiation Corperation (GARD Repori 124k}, Miles,
iilincis, October LU0S5.
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TEST PROCEDURES

A oaratus.--The test apparétus consisted of an 8,000 cfm centrifugal blower
connected by a flexible wiré-reinforced'cloth duct to a 47 foot long, 20-inch

- diameter-£e§t stagd‘which ;as fabricated from 2h_U.S. Gage, zinc coated steel
spiral cénduif duét with 6 inch seams (;ee Figures 3 and h); The design of the
test. stand is based on recommendations ofrthe Nationai Electrical Manufacturersr
Associétion.e Air flow raﬁes were measured with a lk-inch diaméter aperture
sharp-edge orifice piate which was calibrated with & pitot tube five feef
upstream frbﬁ the o#ificg. Two air straighteners were located approximately
14 féet and 28 feet upstreém of the orifice plate to reduce turbulence. A
piezometer ring was located 1i feet downsfream from the orifice and 5 feet from
the end of the test stand. Inclined manometers were used to measure the pres-

sure drcp across the orifice, and the static pressure drop of the test specimens,

Methods.--The spécimens were first teped to the test stand. The blower‘was
adjusted to provide the desired flow rates, and the static pressure loss ﬁnd

flow rate (ovifice differential pressure) were recorded. Barometric pressure,
dry-bulb temperature, and wet-bulb temperature were recorded before each test

to provide the flow rate correction factor to standard air (0 = 0.075 lbs/cu ft).
The tare pressure drop of the test épparatus, i.e., the pressure drop causeé by
the 5 foot length of spiral duct between the plane of tﬁe measuring station and
the plastic specimens, was subtracted from the teét data after its correction to

standard air.

2 National Electrical Manufscturers Association (NEMA) Standards Publication
No. FM1-1955, "Electric: Fans", 155 East Llith Street, New York, New York.
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Tubing.--Plastic tubing lengths from 450 to 50 feet in increments of 50 feet
were tested at flow rates from 1300 to 4100 SCFM (standard air) with the
discharge end of the tubing unrestrainad. Five high impact strength (Type II),
untreated (Finish 1) ‘ubing specimens were tested. Of these sampl2s one was
low slip* (Grade A), three were medium slip (Grade B), and one was high slip
(Grade C,. The diameter is 19.75 + 0.25 inches, and the thickness 0.00k

(L-mil) i_q.odos inches.

§}§g§§.——The friction lcss of the fittings listed below were ﬁested with 100
feet of straight tﬁbihg on the downstream end of the system and the results
were ccmpared io each other. Testing with a duct on the‘discharge end of the
elbows was necessary to fully inflate the fittings,'and the results are
therefore only applicabie to fully 1flated fittings. The beut factory
fabricated and shelutcr fabricated elbows were then further tested with duct
lengths of 100, 200, and 300 feetvfo determine the effect of static pressure

on the elbow pressure drop or equivalent duct length (EDL).

me_‘—m

Toterial
Fabrication | In=we pe ly s Tab 1e I
N Pactory & Smooth Radivs | PYC )
D] Fuctory »0 fwooth Radius | PYC N
o] Pactory [ . Smooth Radius | ¥WC 8
ol recrory % | Swoth Redtus | P 8 Summary of Elbows
oo Factory 63; Smooth Radlus | PYC :
Stalter 3-Piece Miter | poly-
P e Tested
A Factory 20 Swooth Redfus | PVC 1
] Factory -- 2-Plece Miter | PWC ]
o Bhelter - Mcking Box | corzugsted -~
fibertoard
Of Pectory 20 Smooth Radius | PYC I L}
Wire-Feinforced

*The test apparatus and methods for determining the impact strength and slip
(kinetic coefficient of friction) are presented in Federal Specification
L-P-378, "Plastic Film (Polyethylene Thin CGage)". Finish 2 film is treated
to allow printing ink to adhere.
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RESUL2S AND ANALYSIS

Iggigg.-—”he “riction of air in straight polyethylene tubing for lengths from
50 to 450 feet are shown in Figure 5. These curves are based on a least
squares linear logarithmic regression of the test data. . The standard error
of estimate;_i.e.,‘the mean of the square of the differences between the data
and the fitted curve ranges from 0.007 inches of water gage (iwg) for the

150 foot leﬁgth to 0.023 iwg for the 40O foot length. Fully inflated 20-inch
diameter plastic tubing has about three-quarters of the pressure drop of
sheet-metal duct. However, the last fifty feet of a plastic duct system
which is not completely inflated has 1-1/2 to 3 times the pressure drop per
foot of fully inflated plastic tubing. The result is that fcr duct systems
over 100 feet long the pressure drops for sheet-metal and plastic tubing

are approximately the same.

A mathematical expression derived from the least squares fitted curves

of the data is:

P o= 1915107 [Ql'3u9 + 0.01096 (-15‘5 - 1) Ql'833} (1)

where:
P = static pressure loss, inches of water gage
Q@ = alr flow rate, standard cubic feet per minute (scfm)

L = tubing length {for lengths of 50 feet and longe:')

GENERAL. AMENRICAN RESEARCH OIVIBION

8

e g




DONTENL INTIAHIIATOd IHDIVHLS NI HIV JO NOILOIMJ ¢ am3td

12 /T $L6°0 = (J @ WD ‘eavg moTL

. .
+ T3 1 & i 4 "
T T ARN N VS84 1S 8AE Sasl .. -
e TIHH apeas L by f s :
TN TH- N + 1
t 1 .
+
3 It RS L : po-d - :
8 NS EE gRNE E 135
el B N | . (44
—+ 1 * 1
Py Iguass B - 238
.M.ll 134
1 -1
4 e
11
1
4
AI-JA -4 C
A .
—_— $ m
1 m i
+
an A8
_ *
1 18 & F 4 w
1 5 H
H 4+
H H i H
i
S SaiSe -
1Y SERSH 9%
-3t F.&» 44 .vrc*vqn S Y. R - .
L E 4 ROY SOSp P
P ERS1 Do Loats S PR
+ HR00 SEE0S Sptat § Sy 4uSd : 4
o IS8 SENSS o] lowte + b L .5
b i PRy S84 IR SN S SRR " PPN SAUnpuNg SR
44 ’ e i ; PG SEAMDN DI DUSDIDE ST
Iy 3 IS DR RECSTY SBagd S 2O SE TR wofasen lod
{ [ 3414 e vosrpeeiidioergiif Lo SO - PURUDI SN "vl .
} . RPN SERDE DU P T - - -
H 158 38R 0y dead s aY UAE) E32 0 COSVOELER! SISE) SOEE] MOEES HITT) FHES g o ¢
= = P Y > b - - e - - PRI PR R Lk - .
T ] jgui 5863 S30 I SRS Sl I S BSOS FRMDS Sl : .w :
et s
" R DU S P SR pa NI SO DR . 'l
T ]
1 ISuaE SRS SHEES Sbod SEROS SEGUE MR SSGhs SO }
} NI N T I I ey m ~ !
L1 JSOFSA SRty S NN SRS S - hd H
g4 + IS R PINETY EERIEE RIS D PP
IS SOGDE SOGEE. DRI I SEN
nEnm |SPRE SROES SR OGS S T T 4
ov.+vH0v. B R N T e [N S s
v § SEO0Y SOSHE GUSEE SHREE SDS b DT SO
L] S00EE FEBSY OG0d SEDIG BIDEE DI SR [ ]
- T o
T e N I I I IR B PO S 2
1 84 inuus IODES konds S5t ohiatd Dlasia RNGSS SUNNNE SPDAS St
i 41;14. .v.: Fs - . - PRI [ PR TR PUSI “ ‘ u
.
n e PP SUPGD ST S G PR Sinpny {4 |
R Nugne o sess OIS BOREE DGR SEe UM MDA SN 4 ]
RS Oy SOUGS ST SOUGE SRR DU ot ‘
L M -
SESEaoEnay e - Py N LS S I PRRRs g
SREEN SRS N T MRS I el
shieeg RO SR r.,; [
- r 4
. T It (ViVvGQ 1S3L 804 v XONIIIv 335 .
+ Y3LIWIQ HONI SL°61
BEY . 488 ST . 1 HSINIZ
R FOR. ¢ =4 . L]
Supas kol il el i 1 5 %'e'v sV
. - ~ - H + D Ruhe s guiy 0 3dAL
SRR I a }
Spatie T 1 NIan1
rows gEaN
— } 3 e
e peaey ; I : ! gass ..
bagi e R agug RE i pans: TR R SS
< - - -4 T nuny
t 7 : + .
t : Tt 41 11 Ie g
+ + -+ , 43 —ed g fg-de rideept N
H 4+ 41 +4 - -
T 1 T 11T - 1 L n -
I E 1 phad . n dSnns Sups riz >
“. %. Yt 1 ;Hw.. 1 1 it t ;) 1 I 168 5090




Factory Fabricated Elbows.--The elbows with the loweét pressure losses are

- Tactory fabricated smooth radivs elbows. The elbows fabricated from four-
mil plastic had lbwer pressufe losses than those fabricated from eight-mil
plastic. The change in pressure loss with centerline radius decreésed as the
centerline radius appro-: 'd £0 inches. The eibows with centerline radii of
40-inches and 60-inches have nearly ident;cal}pressure losses, indicating
that the trade-off point for centerline radius versus pressure loss is
approximately 40 inches. The mitered elbow had a considerable pressure drop,

and the wire-reinforced elbow developed excessive pressure losses.

The four-mil polyvinyl chloride (PVC) LO-inch smooth radius elbow is the
best factory elbow when considering pressure drop, space requirements, material
and cost. ™Migure 6 shcws the results of tests performed with this elbow.

The sclid lines show the pressure losses fur the elbow with straight lengths
of tubing attachéd to the Jownstream side, the broken lines show the pressure

losses for the straight lengths only. It can be seen that the equivalent

length of straight tubing for the 4O-inch smooth radius elbow is approximately

50 feet wnen rully inflated. For the elbow to be fully inflated fifty feet

of straight tubing must be on the downsiream side.

OENERAL AMERICGAN ALBEARCH DIVISION
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FRICTION LOSS 2F THE LO-INCH SMOOTH RLDIUS ELBOW

Flow Rate, CFM @ Q= 0,075 LBS/CU FT
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Shelter Fabricated Elbows.--Of the shelter fabricated elbows (see Table I)

the three-piece elbow results in the least pressure loss., The elbow made
from packing boxes produced the largest pressure loss. This elbow was
extremely stable at all flow rates; however, the exit and entrance losses

of the air stream in the plenum-like box produced the high pressure loss.

The best hand-tucked elbow results in pressure drcps considerably higher than

any of the other elbows, and the results were erratic.

Since the three-piece elbcw has the least pressure loss this elbow was
further tested with 100, 209, and 300 feet of tubing (see Figure 7). It can

be seen that the pressure loss of the three-piece elbow with a centerline

radius of 60-inches is equivalent to 90 feet of straight tubing when fully

inflated. For the elbow to be fully inflated fifty feet of straight tubing

must be on the downstream side.

Application.~--The equivalent duct length of any plastic tubing system can be
determined by adding the total length of straight tubing plus the number of
elbows times their respective equivalent duct lengtl (See Equaiicn 2) -- 50

feet for the fuctory fabricated elbew and 90 feet for the shelter fabricated

eibew,
EDL, = L+ 50 N.+ 90 N_ (2)
vhere:
HDLS = FEquivalent Duct Lensth ol the gystem, feet
L = length of straleht Jduct in the system, fest
NF s npumber of factory fabricated eliows, dimensivnless
N = number of skeltler rabrlnted eibows, dimensionlens
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ERRATA

Subject Report: - R. B. Neveril and H. F. Behls, ﬁFrictidh‘Lbss‘ e
‘ : in Flexible Plastic Air Duct", -OCD Work Unit ‘
14234, GARD Report 1278-2, October, 1965.

Page 26, Figure 17

The ordinate scale of Figure 17 which ranges from O to ,60»inch B

of water gage; static pressure is double the aCtual valué and

PR H s aagienny "

should be changedito indicate a scale range of O:to .30 inch of

.. water gage.
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