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1 ABSTRACT

An open circuit, 8elf contained unde~~ater breathing apparatus was
given the standard evaluation for equipment of this type. The apparatus
did not meet the criteria ~~~)breathln~ resistance.
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SUMMARY

I
PROBLEM:

Does the new Dacor Diving Lung with the Dial—A—Breath feature meet
the criteria for acceptance for use in the U.S.Navy?

FINDINGS:

The new Dacor Diving Lung with the Dial—A—Breath features does not
• meet the criteria In the following respects:

(1) The breathing resistance is too high
(2) The cylinders are not non—magnetic.
(3) The cylinders do not meet the 3000 psi working pressure requirement.

RECO~Th~ENDATIONS:

It is recommended that the new Dacor Diving Lung with the Dial—A—Breath
feature not be accepted for use In the U.S. Navy. It is further recommended
that the manufacturer reduce the breathing resistance of the regulator
before resubmitting it for evaluation.
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• ADMINISTRATIVE INFORMATION

Re f :  (a) EDLJ Evaluation Report 11—56 “Dacor Diving Lung” 19 March 1956
(b) EDU Evaluation Report 5-57 “Dacor Diving Lung—Second -•

Evaluation” 1 August 1956 4
(c) BuShips hr Ser 6380—1222 dtd 24 Jun 1956
(d) Dacor Corporation ltr to EDU dtd 28 July 1959

Ref erence (a) reference (b) are the reports of evaluation of the
“Dacor Diving Lung” conducted at the Experimental Diving Unit in 1956.
Reference (c) authorized the Dacor Corporation, Evanston, Ill, to submit
the new “Dacor Diving Lung” with•.a Dial—A—Breath future with the
Experimental Diving Unit for evaluation

Reference (d) stated that the Dacor Corporation had shipped two complete
diving lungs to the Experimental Diving Unit. Reference (d) further stated
that the primary difference between the new Dacor Diving Lung and the one
evaluated previously was the addition of the “Dial—A—Breatht ’ feature .

R.L. Cwinn , MM1(DV) , USN was c!esignated project engineer , Wc~rk commenced - •

on 5 August 1959 and was completed on 3 September 1959. The fo1~ iwing
breakdown indicated the estimated manpower expended for this project:

DESCR IP T fON MANHOURS

• Mechanical Respirator Respirator Tests 36
Human subject tests 75
Subjective tests 15
Draft ing 10 •

Report Preparation 12
Clerical 6

TOTAL 154

Charges incurred in the execution of the project were lodged against
allotmen t 70102/60 .

This is the f i r s t  report under this project number. The report is
issued in the Experimental Diving Unit Report series and is distributed
only to the Bureau of Ships.
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1. INTRODUCTION n; T ~‘JA 1 ~~~r lopy
• 

~~~~~~~ •~~~~; ‘ ~~~ •.i~~_~~~ ‘-I

1.1 Backgroung

1.1.1 The “Dacor Diving Lung” is an open—circuit self—contained underwater
breathing apparatus. The Dacor apparatus was evaluated at the Experimental
Diving Unit in 1956. It was found to be not suitable for us in the U.S. Navy
in EDU EvaluatIon Report 11—56, “Dacor Diving Lung”, 19 March 1956. After
modifications, made by the manufacturer, the Dacor Diving Lung was found to be
suitable for use in the Naval Service in EDU Evaluation Report 5—57, “Dacor Diving ~~~,j i
Lung — Second Evaluation”,l August 1956.

1.1.2 Two new Dacor Diving Lungs with a “Dial—A’Breath feature were submitted
• to the Experimental Diving Unit for evaluation in July 1956. In his letter

dated 28 July 1959, the manufacturer stated that the only change of consequence
in the design of the demand regulators is the new Dial—A—Breath feature.

1.2 Objective

1.2.1 The objective of this evaluation is to determine whether the new Dacor 1Diving Lung with the Dial—A—Breath feature is suitable for use in the U.S. Navy.

1.3 Scope

1.3.1 This evaluation consisted of the standard evaluation procedure for open
circuit scuba. This procedure deals primarily with the braathing charaL~eristics - -

of the demand regulator. - -

2 DESCRIPTION

~~~ 2.1 General

2.1.1 The Dacor Diving Lung is an open circuit self contained underwater
breathing apparatus consisting of one or two compressed air cylinders, harness,
regulator assembly (which is mounted on the cylinder manifold), corrugated
breathing hoses, and a mouthpiece. The units submitted for this evaluation
each have only one compressed air cylinder.

2.1.2 The overal l length of the apparatus from the bottom of the cylinder to
• the top of the valve is 29 inches. The diameter of the cylinder is 6 3/4 inches.

2.1.3 The overall weight of the apparatus when empty is 34 lbs. When charged
to 2150 psi the ~~ Ight is 37 1/2 lbs. :
2 1 4 The buoy -rncy of the apparatus when empty is 1 lb 13 oz negative , when
the cylinder is charged to 2150 psi it is 5 lb. 4 oz. negative. ~

- H

2 .2  Regulator Assembly

2.2.1 The regula tor  assembly consists of the following major components:
(1) Co u p l I n g  yoke
(2) High pressure body and f i r s t  stage regulator
(3) Low pressure body and demand regulator
(4) I < , - ~’ I l ~~tOt cover :

Tu e regu1a~~~ I . tI. sc~ ibed as a two stage , double diaphragm , demand regulator.
• —1—

• • • ~,- • • • - - .•
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2.2.2 The coupl ii~ yoke is a modified medical yoke similar to other yokes used
in self contained underwater breathing apparatus.

2.2.3 The high pressure body fits directly to the manifold of the compressed
air cylinder and contains the first stage regulator. The first stage regulator
reduces the high pressure air from the cylinders to approximately 100 psi over
the ambient pressure. .

2.2.4 The low pressure body contains the mechanism of the demand system. The
demand system consists of a double diaphragm which operates a low pressure
valve, allowing air to flow to the breathing hoses whenever the pressure in the . -

~ - ;
inhalation hose is reduced sufficiently below the ambient pressure. The lower
half of the double diaphragm normally operates the demand valve. The upper
diaphragm contains a one way exhaust valve and will operate the demand valve
if the lower diaphragm is punctured. Figure 1 is a simplified cut-away diagram
of the regulator assembly. 

~

2.2.5 The Dial—A—Breath feature consists of a small fist “butterfly” or choke valve ~~~
installed near the outlet from the intake chamber of the regulator. This valve - •
can be rotated by means of a knurled knob on the outside of the regulator.
Rotation of the butterfly valv.- varies the amount of obstructing area in the :
air flow path and therefore varies the flow resistance in the inhalation circuit * -
of the apparatus.

2 .3 Mouthpiece and Breathing Hoses •

2.3.1 The mouthhlt and tee connector are molded in one piece of soft, ~‘lack,
rubber. The mouthpiece is of a different shape than most mouthpieces, ha;’-lng
an indentation in the center of both the top and bottom lip flanges. The
mouthpiece contains inhalation and exhalation check valves mounted in ‘y lon

• housings. The center of the tee connector or valve chamber is set slightly
below the mouthbit , providing a water trap. Figure 2 contains diagrams of the

• mouthpiece.

2 .3 .2  The breathing hoses are molded of black rubber. The minimum internal •

diameter of the hoses is 1 1/2 inches.

2.4 cylinder and Harness

2.4.1 The compressed air supply cylinder is a nominal 70 cubic foot cylinder
with an ICC working pressure of 2150 psi. The cylinder is made of steel and
is galvanized. The top of the cylinder is fitted with a shut off valve, a seat
for the yoke connector , and a reserve valve. The reserve valve is a restricted
orifice type. 

‘

2. I.e.2 The cylinder mounting consists of two metal bands. A cotton web harness P1
is attached to the two bands. The harness consists of two straps rigged to ~
provide two sliotilder straps, a waist strap and a jock strap. The straps are
fitted with metal tips and D—ringa . - 

1-
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3. PROCED URE 

- 

•

3.1 Mechanical R~-sp ir~tt o r

• 3.1.1 Standard mechanical respirator tests were made using the MSA rubber
bellows mechanical, respirator. The respirator was set for a tidal volume of ‘

two liters per breath and a respiratory rate of twenty breaths per minute.

3.1.2 Two series of mechanical respirator measurements were made as follows :

(1) Breathing pressure vs. depth
(2) Breathing pressure vs. cylinder pressure

Each series was conducted with the Dial—A— Breath valve wide open and again
with the Dial—A—Breath closed.

3.1.3 The details of the instrumentation and test procedure are described in
• Experimental Diving Unit Research Report 6—58 , “Mech anical Respirator Techniques

in the Evaluation of Scuba”, dated 30 June 1958.

3.2 Depth Tests Using Human Subjects

3.2.1 Three subjects each made three swims at surface pressure and at a
• pressure equivalent to 200 feet of sea water, using the Dacor Diving Lung -

regulator and mouthpiece assembly. During each swim the exhalation and - 

-inhalation pressure in the mouthpiece, the respiratory minute volume (average -~ *volume of air inspired per minute), and the respiratory rate were measured. -•

The subjects were swimming against a constant force of 12 pounds during each
• swim.

• 3.2.2 Instrumentation for the swims consisted of the following :

(1) A± 1 psid pressure t—ansducer was connected to a tap in the mouthpiece
with the raference side at the hydrostatic pressure adjacent to the demand • 

~.:‘regulator. The s1gn~l from the pressure transducer was amplified and recorded
continuously throughout each swim.

(2) A “bubble—catcher” ai-d gas meter arrangement was used which collected ~! Iall of the exhaled gas and measured the volume throughout each swim.

I’
(3) The subjects swam on a “trapeze swim exgometer” wh ich is a device

which pemits a swimmer to exert a cons~..-nt, known fo rce, whiie remaining
stationary in a pressure tank. The force used for all of the swims in this -

ev~luat1on was 12 pounds.

(4) A prcuisure gage was attached to the compressed air supply cylinders
so that the supply pressure could be measured throughout the swim. The
cylinder pressure was recorded at the end of each minute. ~•• •

3 3 3 Using the Instrumentation described above, the subject swam against
the trapeze, u.~ t~ ig the Dacor Diving Lung regulator with the Dial—A—Matic 

• •~
- - ‘

~ feature for ten minutes in the pressure tank at surface pressure. The diver - H
was approximately three feet below the surface of the water. The pressure in
the pressure t;,iI. was then increased to the equivalent of 200 feet of sea fr

w ater and the st ih j . -et  agaia swam for ten minutes. - 
‘

-~~
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3 .2 .4  The Dial—A - tiatic featurh was adjusted by the individual subject before
each swim. Adj’i~ Liiteat was usually accomplished by opening the Dial—A—Breath
all the way and then make a sharp inhalation . This caused the regulator to

I give a continuous flow if the mouthpiece was immediately removed from the -

subjects mouth. The Dial—A—Breath knob was then turned until the continuous
f low stopped. The position of the knob was approximately centered between the • -

two extreme positions after such an adjustment. The knob was not adjusted again
• during either the surface or the depth swim.

3.3 Subjective T ;ts

• 3.3.1 Four subjects used the Dacor Diving Lung in a swimming pool. Each ~ I
subject used the apparatus in various positions observing the buoyancy, torque,
breathing resistence and flooding and clearing characteristics. The Dial—A—Breath .~• knob was adjusted to various positions. After completing his swim, each subject
submitted his comments on the apparatus.

• 3.3.2 Since the reserve valve is designed to warn the diver when he has only
300 psi left in his cylinders by an increase, in breathing resistance, the 

•reserve valve was evaluated subjectively. Two divers used the D~eor Diving ~ • ~~•

Lung with the reserve valve up until an increase in breathing resistance was
noticed. The pressure in the supply cylinders was then measu~ed. This procedurewas conducted at the surface and again at a pressure equivalent to 100 feet of
sea ~atcr. ‘-Dr

3.4 Maintenance U

3.4.1 The evaluation of the Dacor Diving Lung from the point of view of
maintenance was made by the ‘~cuba maintenance technician at the Experimental -
Diving Unit. The conclusions pertaining to the maIntenance characteristics
of this apparatus are primarily the opinions of this technician based on his
previous experience with this type of equipmetit.

4. RESULTS ~•

4.1 Mechanical Respirator Test -

4.1.1 The data from the mechanical respirator tests are plotted as follows:

(1) Figure 3 Breathing Pressure vs. Supply Pressure
(2) Figure 4 Breathing Pressure vs.Depth ;

~
• •

~ :
Plots of the data obtained from a competitive regulator and the mechanical
respirator criteria for acceptance are also plotted on figure 4 for comparison.
The mechanical respirator data which are plotted are the peak inhalation and
exhalation preosur~~expressed in Qn.of water.I
4.2 Depth Tests Using Human Subjects

4.2.1 The data obtained from the depth tests are peak breathing pressures,
respiratory minute volume, and respiratory rate. Figures 5,6, and 7 are 4
plots of this data. A ~~parate plot is made for each subject. The numbers
beside the data points refer to the number of the dive for that subject using -

the Dacor Diving Lung.
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4.2.2 Each data point represents the average of the data obtained during the
second five mInur~- of each 10 minute swim . Previous experience has indicatud
that the subje~ t~ settle down by the time they have been sulnr~tLng for five

• minutes. The d;~ta obtained during the second f ive minutes are normally quite -
consistent; whe,a- is the data obtained during the first five minutes are
constantly Chan ,~ in ,~. Therefore , the f i rs t  f ive minutes  is considered as

• “warm—up time” ~rnd the data obtained during that time is not included in the ,

average.

4.3 Subjective Tests

4.3.1 After using the Dacor Diving Lung in the swimming pool and the pressure
tank, the following conclusions were reached: • 

• -

(1) The general comfort of the apparatus Is good . The mouthpiece is
comfortable . -

(2) The harness straps are too long for most subjects. The harness is
fairly easy tu  •~d~ ust .

(3) The apparatus does not restrict the maneuverability of a swimmer.
(4) The apparatus is very easy to clear. Almost no flooding occurs when

th e mouthpiece is removed from the mouth underwater. -‘

(5) The apparatus seemed to be approximately neutrally buoyant in the water
(6) No appreciable torque was noticed in any position .
(7) The breaching resistance at the bottom of tne swimming pool did not

seem very high. When lying on the i,ack, a slight positive pressure is
i k noticeable in the mouthpiece. If the mouthpiecc- is removed from the mouth while • 

~~‘• 
-

lying on the back , a continuous flow of air results. .

t 4.3.2 When divers performing light work used the Dacor Diving Lung , it was 
•

found that a difinitely noticeable increase in breathing resistance did not •

occur until the cylinder pressure had dropped to approximately 75 psi at the
surface and 125 to 175 psi at a depth of 100 feet. After pulling the reserve

~ -~ valve to the down position , the breathing resistance was reduced until the ~- -
cylinders were nearly empty. When breathing at a rate corresponding to hard
work, a noticeable increase in breathing resistance occurred at approximately
300 psi at the surface . This test was not conducted at depth.

4.3.3 After using the Dacor Diving Lung with the Dial—A—Matic in various
• • positions, most of the subjects preferred to set the knob so that miximum

breathing re~dstance without continuous flow was obtained . This adjustment is
made as described in 3.2.4. Adjustment of the knob with wet hands is sometimes
difficult due to smnll diameter of the adjusting knob .

4.4 Mairttertance •

• 4 .4.1 No m~.j n t~-,,ance problems were encountered during the tests of the
• • Dacor Diving f•t~~~~. it is the opinion of the Scuba maintenance technician that

the maintenance required for the Dacor Diving Lung would be comparable to other •
similar regulators. No special problems are anticipated.

5. DISCUSSION

5.1 Mechanic.il ~ ‘-~pirator Tasts *
• 

- •  -

5.1.1 Fig t i r ’-  .t )wS that the breathing pressures of the new Dacor Diving Lungt i 
~~~~~~~~~~~~~~~~~~~::___ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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~~~~~~~



,- ~— -

t •j t t l the Dial—A--B rtath exceeds the criteria of the mi l i t a ry  specifications fo r
divers demand regulators even with the Dial—A—Breath all the way open. The
br~’arhi ng pressure~; of the new regulator  are s l ight ly  higher than the breathing
pres.~ures which we re measured for the Dacor Diving Lung in 1956. The current
specifications for demand regulators MIL—R— l9558 (SHIPS) is dated 14 August 1956.
The breathing resistance criteria in this specification are more severe than the
criteria upon which the previous evaluation of the Dacor Di~kng Lung was based .
However, a comparison of the breathing pressures obtained in 1956 (EDU Evaluation
Report 11—56) with the criteria shows that the breathing pressures of that
regulator also exceed the criteria of the new specification.

5.1.2 A plot of the breathing resistance of a recently evaluated demand
regulator is also contained in figure 4 for comparison with the criteria and
with the breathing resistance of the Dacor Diving Lung. This regulator was
within the criteria at all points.

5.1.3 Figure 3 shows that the ef’ect of decreasing cylinder pressure on
the breathing resistance of the Dacor Diving Lung regulator is small for
cylinders pressure from 3000 psi down to 100 psi. This characteristic is
desirable and indicates that the first stage regulator of the Dacor Diving Lung -

is very good.

5.2 D~pth Test using Human Subjects

5.2.1 The criteria for the acceptable performance of a demand regulator during
- • the depth tests requires that the breathing pressures produced by a man

swimming against an eight pound force at a pressure equivalent to 200 feet of
sea water shall not exceed 20 cm. of water. A recommendation was recenLly
submitted to change the force against which the subject must swim, from eight
pounds to twelve pounds and the Dacor Diving Lung was tested in accordance
with this recommendation. This modification does not effect the determination
of the acceptability of the Dacor Diving Lung since it failed to meet the *

present criteria for the mechanical rspirator phase of the evaluation.

5.2.2 Figures 5, 6 and 7 show that the exhalation pressure e:.~ceeded the 20 cm. •
• criteria in six of the nine dives and the inhalation pressure exceeded the

criteria in five of the nine dives. The data obtained from identical tests
• (using the same sub lect) performed on the recently evaluated demand regulator

discussed in 5.1.2 are plotted on figure 7 for comparison. It is seen that
this regulator easily met the inhalation criteria, but slightly exceeded the
exhalation criteria or two of the dives. It can also be seen that the
respiratory minute volume was higher during the tests of this regulator than
the respiratory minute volume during the tests of the Dacor Diving Lungs even
though the re~pJratory rate was essentially the same. This indicates that lower
flow rates were obtained with higher inspiratory pressure when using the Dacor
Diving Lung.

5.3 Subjective Tests and Comparison of Results

5.3.1 The results of the subjective phase of the evaluations were essentially
favorable . Thi’ i nhalation resistance encountered during normal use of the -~
Dacor Diving Lung seems very low subjectively , although the exhalation
resistance La i ticeab ly•a little higher. With the Dial—A’ Breath valve all the

way open , air c m  be obtained with almost no effort once inhalation has been

I , —6—
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initiated. Thl~; -ui[ d seem to contradict the objective findings of the
mechanical respiri ’or and depth test phase of the evaluation. The reason for
this apparent contradiction is the fact that during the usual use of breathing
appatatus , the Iii ~ h flow rates encountered during the obejctive test are not
required. The criteria for the regulator are based on the maximum anticipated
requirements u a diver or swimmer. This is necessary to provide for heavy

• work or an emergency situation during which the diver would need very high flow
rates with a minimum of breathing effort.

5.3.2 The Dacor Diving Lung regulator requires excessive breathing pressures
to deliver the required flows of air. This is probably due to the following:

(1) Inhalation — either the reduced pressure is too low or the orifice
throu gh which the air must pass is to small.

(2) Exhalation — the cross—sectional area of the minimum restriction
in the exhalation circuit is too small; this restriction may be the exhaust valve
in the diaphragm.

5.3.3 The mouthpiece of the Dacor Diving Lung was found to be very comfortable.
Extensive tests to determine the comfort of this mouthpiece were not conducted ,
however. The shape of the mouthpiece is different from any previously evaluated
mouthpiece. The indentations in the lip flange are considered to be an
improvement in the mouthpiece design.

5.4 Reserve Valve and Cylinders

5.4.1 The tests of the reserve valve indicate that the amount of reserve air
supply which a diver will have can be considerably less than 300 psI. This is 2-
an undersirable feature. The reserve valve does have the advantage of simplicity
of design. Another advantageous feature of thIs tpe of reserve valve Is that -

• - the cylinders can be charged with the reserve valve in any position, eliminating
the possibility of unknowingly getting only a partial charge in the cylinders.

• 5 .4.2 The air supply cylinders are made of steel which means they would •

undoubtably not m~et the non—magnetic -requirements. The cylinders have a
working pressure of only 2150 psi which does not meet the requiremert of 3000 psi.

• 5 .4.3 It should be pointed out that the cylinders and reserve valve do not
a f fec t  the acceptabi l i ty  of the regulator assembly , since the various components
are considered separately.

6. CONCLUSION

6.1 CONSLUSIfl~~

• 6.1.1 The f o l I~’w i iig conclusions apply to the new DacOr Diving Lung with the
Dial—A—Breath l e a t u r e :

(1) The regu lator does not meet the breathing resistance criteria for
acceptance. Aj• (2 ) The mouthpiece design is good .

(3) The au ~;upply cy linders do not meet the pressure and magnetic
requirements. 

•
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• (4) The Dial—A—Breath feature does provide some variation in the breathing
resistance.

6.2 Recommendations

6.2.1 The following are recommendations which apply to the Dacor Diving Lung:

(1) The Dacor Diving Lung should not be accepted for use in the U.S.Navy . 
-

(2) The source of the high inhalation and exhalation resistance should
be located and eliminated if the regulator Is to be resubmitted for further
evaluation. . 

•

4LI.
• 

• N

• •

I • 

.

-8-

~~~~~~~ 

‘

~~~~~~~~~~~ — --•• 
~~~~~~~~~~~~~~~ ~~~~~~1~~~~~~~- _ 

- -• ,_•~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-— -

•—•-—•-



F 
‘~~ BEST K!A1U~~~~

:E COPY

If
-: •

c S

— 
: ~ ____

lb —~~ 

I

S . 
_ _ _

1 

_ _

~~~~~

• —  — • _ •_ • • • • .•___ J 
.4

• 1• *

5 , .  

“
~~~~~~~~~~~~~~~~~~~ “~‘~~~~~ ‘Up I.rr

~ &i~
1 

~~~~~~~~~~~ ~
-_:T::~__:_-:: — ____  ____



-- -• 
-

r:~~~~~~~T~~~ • : ~~~
- •  ~~: ~~~~~~ . z~ -

F ’  • .  w o ~~~~~W - - - • • •L - - ..J U~~~~~ . U ,_J • - -o o .1 O < ~~~ • •  •

— _ • n _ Q _ _ t ~ _ •~~•_ -•- • •-4• - -- -•-- •t ••-• - ••-- - - • - •  
~

•— • -• - - - • - •- - - .~~~~• • :~~~~~~~~.j

I 

~ .• •• ••
ac•~~ 

‘

I

n-—~ ~~~~~~~~~~

- - -

~~~~~~~~~~
- 

~~~ 
( { 

- - -

I • 
— _ L

• ~~~~~~~~~
( 

• - • • -  . - • - • • - • • • •  - 
)~~

_ 4

_ _ _ _ _  _ _  - f - .?

- • 
•.: . • .

- • • • : . • . ~ - I .  - • S • - • • I - —,
- , ~a ~. . • • • - - a • • • : •0. . 0 - I ‘

~~~~~~~~~~~~~~ ~~~~~~~~•~~~~~~~~~~~: ~~~_ _

0. - - V .
T : Z ~~~ 

-

~~~~~~~ ~~~~~~

- - r  - t.~.i 
- .  I I

ii

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f~~~~~~T
— 

:~~~~~
‘ • -  

~~~

- _ - - - • -

~~~
~~~W O .  

~ . - a • I , ,

~~~~~ ‘~ 
• •

- ~~
. - 

~~ • •

- - ~~ -— -~~ — - — - L_ . 2 $
~ - .--— ~~,

_ _  _~

- ,  • - cii I :
‘ ~~~~ ~~~~~~~ •I I • - •  

1 I :- • f - — —  -
•

- - - • %  • 
I . •• a ‘‘ S  I - - I . :• • - a-

* - - • - I..P I 5 •
-

~~ : - - I 

_ _ _

~~~ ~ “ 2 ~~ 2 ~~ ~~~~~~~~~~~~~~~~
‘

( 5 _

+~~~~ + + + + ÷ ~ 
-
~~~~~~~~~ 

;~~

~3LVM .~O b~3 NI 3~ flS S]~ d ~NIH1Y~~ 9
-~~~ • - *  - -  

- - S  • • S.• •- ~~~ • • •~~~~~S~~ * - - • •  • 5~~ •

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~- --



- ~~~~~~. -  - 1 4  
~~~

, , _
~~~ • : : .  —

14 -..*. > CI ’~
1 - • - S S - -~~~ S I

U, ~~~~~~~~~~~~~~~~~ S - S S • •  - •  S

Q • 
I • • H •

-i ~~~~~~~~~~~~~~~~~~~ 
S •

— -

• o~~~o~~~~~~~~ 1~~f S S .  S - H . - - - . . H ~~~H “*U U ~~~~~l W U _  •~~~ 
5

- - - - 5 - -  - £i..~< -
~~

4t
~~~

o 1 4 q a  I 
t

• • . . .  Q9O9U~~~~~ U - - -  -~~~~~~~~~~ • •  . 
~~~~~~~~~~~~~~~~~~~~~~~~ 

• - - --
~~ 

-
4

• • :  • . • : : .

S . - -- - J•- -------- -~~~~
-_ - _ _ -~~~_ -• • •- ~~~- --- _ .s~ _ _ - - - • - - • . - - -  

•
—-~~

.;— ‘ 
S - ‘

. 
S - -

S .— - • 1 ~~ • S S S _ * ~~~ _._ j
*• - . .~ - 

S I • •~~~~~~~~~- - • - •
• - 4 1 .~~~~ 

~~~* . -
• . 

• ..“ _ 

~~~~~t ‘
~~ •

• ~~‘ 
- * - •

• 5 - . 
.-.— 4 - _ 5 ~~~~~~

.• 5 5 S .. * 5 - S

• 
S 

- • - -  • • ‘. S - *
• .~~~~ - - 0 I • - S

t _ _ _ _ . • _ _ _ _ _ . - _ _ • ._ ~~~
..~ _ . --• ---- - -_— - - * • - -.—---—- — 5— - -  5w— . -~-—- •-- -‘. --— _

~~~
. _ _ ‘._~~~

_ __. ; ..
• -

• ‘ ‘ S • • ‘ -  - — • - I  • - • . - • . - -
S • -~~~ I - •  : • • ‘ •

-  .1 I • S •  . I
. •1 .  ), S . - - I j

S 

• : :  i :~~~- - 5 .. , I
I., I • - -~~~~~~~~~~~~ I • - - - .  — - S S 5 S

~~~~~
. S _

~~~~~~
•SS.5

- - - - - - S - • I - r * • 
~~

- — *-
~~~ 

- 
~1 I - o • -

~~~ 
- • :‘  • S . J . . —

5 - 5 5 -  u,--- - - - - - - ----- - ---
~
.-- - -— . 5 -‘-5-- 7’ 1S S - — 1— ‘., - - - - -  : ~~

— ‘ 

O W .  ‘ - .  .
~~~ 

- -  
- 

- • :  ‘ 

>~~~2 ~~~~~‘ 
*
~~ 1 - -0 - - . S - S  - S - - I - . S - - — 5-_ ••_ - S

5 5   •.~~~~~~ ; H  • . , ~~~~- S 
~~~~~~~~~ - •  S • - - - 1 -  • • . i - . - . - ’ . - - .  j

S 
~~~~~~~~~ 

o s — ’  t - I - ~- -~ . - -
- - . -. - - - • - • - - - - - • - -- I • — • • - - - 

~~~—G-- •~~•-~~~~ •- ---- - - l — - - ---~- —- ’— p--——-— - --— —-— .
(~~~~~~U - - S • — i...~~l 1 - - - - . •

14 U, ). - . ‘~ I S $ S • - -
- ~~~~1 I • : .  • .

II -o - . . •  .
~~~ I)(---• - -  S - I - - - - - I — — - ~~--..- —~~~- --.- 

1 % - .  S S i - ~~~- ~~~~~~~~~~~~~~~

- / : ~~~ :~~~~~~~ .
, - - . • ,

- 

~t ”  ~~~~~~~~~~~~~~~~~~~ I t ~~~~ 
—i

I. - I . I
1 4 0—  - 

I’ . ~~. 
- •

S “~ I :-
~~~ S S S S S - -

~ 
S f S

~~ 
- •~ 

- — — - - - — •
~~~S 

S ’ .  •
~~~~~ -: • .

• S I -  I a t - .  ‘ ‘ :
• - I .  ~~~

- i -
. 

, -  
- • 0 1 /~~~~ 

, 5 . I  
‘. - - -  - - --

~~~~~~~~
— - -• - - - - j - -- *- -— -*- ” -- ---.—~~-- --— .~• ‘ .  • % *

~
• I . &  / -

- - S 

\ “ . ;l~~~ ~~~
‘ / 1  ,‘~~~~‘

I I I .
- . S I . - - I -  . 5

• I .  - 
~~~ ~~~~

- S . - S - . — . 4

I I- S I w • •  1 . - • ‘  •

I I —
~~~~~~~ 

I - —

~~~~~~~~~~~~~~~~
‘i

~~~~~~~~~~~~ ~~~~~ TT .,- ... :TT ~• 
\ •  ~~~~~ 

• 

~~~ ~~‘ “ :
• 

S
I 

S - \•  5’ , .  5 1~1 . / •~ ~
‘ - I - • - ‘ - •

•~ \ - - I t - - I .  i• - I ~~~~~~~~~~~~~~~ *

S 
• ‘

~‘ 

‘

~, 

- - : • 

•

Il) ~~ ~~~~~~~~~~Ifl 0 1 9 0 ii, 0

• : ~~~i~’~~ e4 x 3 - :
- . 

~~~~~-4 io i~i~~~ 3~~f l S S3 ad  ~~~~~~~~~8• - 
- : - - 

~~
-• - .

- 
‘ , • , -,- — i —  — S - -

_ _ _  
r~~~T ~~ 

• S -
‘ • —

-

~~ 

— -

~~~~~

-

~~~~~~~~~

-

~~~

- 

~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~ - 
— - — ---- - • 

~~~~~

--



-- --p-I-—.—--

H - DEPTH TEST DATA 5 

- -

-

i s  -

- - —  -- .- - - ‘ - 5 - -

0— 1,3 • : •  
. : .

cn~~~+-I O  
~~~~~~~ 

; -  - - S - - - - .  •
-

S 5 - 5 - ‘  5 5 -  5 . ,  - - - S- • • .

° 0 I S

DEPTH— FT. 
- 200 

-. 

-

0—2 -

0—3

- -  - -~~~ —~~~~~ 5 *
— 

- 0—l
¶ 

_

::
- 

- 0-3 ,~~ - -
>.

~~~~-‘ O-2~3 0—2 - 
* 

- 
S

—2~~~ 
. 0—3 - .0. 5 

~~~ • ~ ,.•

~ 

~~- to 
- 5 U,  - k-(I) 
- 

. 
14 . - .14 5 - 5 - 5 S

S - - , 

~~~~~~~~~~~~ - .•. --.-- 
~~~ 

• : 
- 

- -.. -

• 

S 

- 0 DEPTH— Fr; 200 - 0 DEPTH— FT. 200 - 
-

— - -~~~ S - S •~~~ • : . _ . s . _  -
— 

-

S 
- 

S  S - . .~~~ -

SUBJECT CARRO LL  
* 

- -

~~~~~~

- - REGULATOR : DACOR I. REGULATOR FREE-FLOWED_..HJ ~~
. 

~~~~~~~

• - FINS VOlT VIKING S - 1
• WORK RATE : 2 LBS - - - . .  - ~~~~~~~

-

- SCHEDULE : 10 MIN SURFACE 10 NIN 200 FT. FIGURE 5 - 
5

S S S - S S S 5 ~~~~ - -  5 5

_ _ _  
S ,~~~.. - .  S 

~~~~~~~~~~~~~~~~ .5 SS S5 s ~~*5 S S~~~~~~

- ~~~~~~‘
- -

~~~~~



—

- 

.

~~ - DEPTH TEST DATA - - 

-

- S

_ _  
I 

8Jz
_ _  —

~~
- - - 5 -

~ i - - - :  ø- 3-~~
-
~ 

— - - -
~------—---—--H S

~~ .,  
5 5 •  - -  -

. 1 .  - 5 . •

- . 
- - -

• - - - f 
~~~
. L S -

u,~~ + t O  • -  - I  - - - - .  , . .  . . .
- I - . 

5 5

1 4 ,  1 5 5 5 5 ~~~~~~~~ S 5 5 S

t , -  . 5 5 - - ‘ 5 - - - -

j • - S S 5 5 5 - S -

0 DEPTH— FT.. 200 - 

- 

S 
-

- 

~
1j 

- 

-51

4O

!:
~

1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S S S 5 - S S S

~

S S S  - 

~~~ 3 0 -  .--~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 

S 

~1 5 
- 

. S  1
5 0 • -

S 
S > S . - I
• - - . S S S S  -- 5 - 5 5 - S - - -

S 
H

Z 0 - 5 5
S 

- -J S S S ® 1  I
• 

~~~ - -

w - 0—2 . 02,3~ ~
-I
~ - 

.5

0 0—2,3
S S - 

H

- 0.
• U) S

-

o DEPnt — rr ; 200 . :~~ DEPTH—FT. 
2OO~~ 

- 

S 

• S 5 -~~~~~~~•~~~~~~~~ :S :S_

SUBJECT . GWINN 1 - - ‘ S i

REGULATOR : DACOR - -  • . .   • S .L~~~~~~~~;, ~.‘

S . . .  _)
~FINS VO lT VIKINGS S • :

WORK RATE 12 LBS  - • - . .

:. SCHEDULE 10 MIN. SURFACE IO MIN. 200 FT. FIGURE _6 -

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —~~~~~~~~~~~~~~~~~~~ - - - -_ — 5 —
- - — —~~~ - -5 - -~- -~~~~~~~~~~~~ -~~~— ~~~~~~~ -



— -- -~~~~~~~~ ~~~~--

DEPTH T EST~~DS~TA ~~
z+ 30
2 0-2

I 1  - c-I
-~~~~~~~~ ~~~~ .

-1 +20 t8—1P3 - -  - s - .  ~~~2,3,4 - - S - -

.
~
J 6  • - 

S 
- - ~~-~ 6,8 I’I - - I

- S I’J~~ 
S S S

~ +10 W—3,4 • - -
S I I ’

11) 5 5 5 5

C’) S

— 

~~ 
0—I 

DEPTH—FT ~~~~~ 
-5 —- -~

- - - - S - —

0—2 - -

9 j 3 S

—30

• I is
- .

4 0 -  —

• -

D-4 ~ 

p::.~ ,~BLZ U~P1 ~

151_8 -
>- I-i 

-
>. - 

~~~ O-I -
~~~~~

S 8,2 8 E
~~

I2 0-3
I,2,3~4,5,67O ~ 0—3

5 — - - - 5 ~ -~5,7 
0-3 

~~~ 10 -- - S

0. C’)
U,

S . - I— - - - -  0 I ~~~
S _ S S

I 0 DEPTH— FT. 200 0 DEPTH— FT. 200 ,

S 

SUBJECT : JANNEY ~5
_

S

• REGULATOR: DACOR 0 COMPETITIVE 0 . S • - • .- - .  

,
~

FINS : DUCK FEET - 

~~~
- -

~~

WORK PAT E 2 tBS -

SCHEDUL,r - 10 NIH SURFACE 10 MIN 200 FT. FIGUA C S 7

- 
—5—- — ——-—

~
——i --- —--- — 

- - -.5-.-.- --


