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PURPOSE

Engine ouftput is determined to a large extent
by the amount of charge it is possible to take into the
cyclinder through the intake port and valve. The intake
port determines fhe amount of charge which can be taken
into the cyclinder per unit time. 1In other words, the
output of the engine depends upon the efficiency of the
intake port elbow and its effect upon the intake flow.

In this thesis, the authors tried to find out
what effect port elbow shape had upon the flow through
the intake valve., First of all it was proposed that the
authors, by experiment, find the best elbow for a given
radius of curvature of intake port. Second, when that
elbow was found, experiments were to be run for deter-
mining the effect on the flow of varying the radius of

curvature of the elbow,

230626



PERTINENT REFERENCES

Doroff and Ryder:-

In this thesis a study was made of an actual
Wright Aeronautical Corporation cylinder head and barrel.
The flow thru the Intake and exhaust valves was restricted
by the use of plasticene. Doroff and Ryder wanted to
determine whether or not the diameter of a radial engine
could be effectively reduced by reducing the size of in-
take and exhaust valves. Thelr results showed:

l. Both inlet and exhause port may be reduced in
size considerably without causing an appreciable decrease
in flow,

2. At low valve lifts when the port 1s restricted

the air flow shows a tendency to increase.

Le Blanc:-

Using an Indian motor cycle head, flow thru the
valve was varied both by putting various fillets on the
valve and also on the valve @eat. Le Blanc was concerned
chiefly with the steamlining of the immediate vicinity of

the valve and seat.

Hunter: -
By the use of fillets, Hunter varied both up-
steam and downstream shapes of both the walve itself and

its port. He used a straight intake port. He found that:



l. Small fillets on upsteam side of valve which
remove shaft discontinuitlies at valve opening are desirable.

2., These fillets should be kept small,

3. Small amount of streamlining on port removing
discontinuities of flow are very 1mportantrfor good flow at

high lifts.

Re ds Durqu:-

In the Transactions of the A. S. M. E. 1905-1906,
Mr. Durley tells of his experiments with square edged flat
plate orifices. He gives several useful curves and formulae

for calculating orifice coefficients.

A.S.M.E. Research Committee on Fluid Meters:=-

A very thorough study of the theory and application
of fluld meters. From this ssudy was taken the fundamental
equation that we used in measuring the flow through our port

elbows,



APPARATUS AND PROCEDURE

The apparatus for this series of tests was arranged
as shown in the accompanying photostat. A detail drawing of
the intake valve and seat, both with streamlining is also
shown.

The chamber which represents the cylinder and which
contains the valve is the same one that Hunter used in his
thesis#. It is made of aluminum alloy and machined to cor-
rect dimensions. Attached to this chamber is the micrometer
screw and scale for setting the wvalve 1lift.

Built by the authors, the orifice box was formerly
a fifty gallon o0il drum. Holes for measuring pressure
differences were cut as shown and an approach orifice was
put at the exit end of the box. The entrance or metering
orifice 1s clamped to the front of the box by a wooden frame
secured by four bolts. The orifice may be changed at will.

One manometer measured the pressured across the
metering orifice, the other manometer measured the pressure
difference across the wvalve.

Controlling the pressure difference across the
poppet valve were two cut-off valves, one opening to the
suction pump, the other opening to the atmosphere. The

valve opening to the atmosphere was used for fine adjust-

¥See Bibliography



ments of the pressure across the poppet valve.

As is shown in the diagram, the elbow to be
tested was placed In position and clamped down. Port
elbows were made of plaster of paris. The authors found
that this was a very workable and easily cut material,
ideal for experimental purposes.

First, the elbow to be tested was modeled in
plasticene. (See accompanying photographs.) The plasticene
elbow was made in halves, each half being laid on a flat
surface, varnished, then covered with plaster of paris.
When the plaster hardened, the plasticene was removed,
and the two halves were then clamped together forming

the elbow.

In making test runs, the authors first tried a
perfectly straight intake and took manometer readings
with constant pressure differences of five, ten, and
fifteen inches of alcohol across the intake port. Read-
ings were taken at 1lift readings such that the ratio of
valve 1lift to valve diameter came out, .1, .12, .14, etc.

Because the difference in orifice coefflicients due
to increased pressure across the valve 1s small, the
authors used the run at 10 inches of alcohol as a basils
of comparison, and made all experimental runs at this

pressure difference. They went ahead and bullt several



elbows of different shapes and radil of curvature. They
then took the elbow giving best results and tried to im-
prove it. After improving 1t to the best of their ability,
they then built similar elbows with various radii of curva-
ture, and tested them to determine precisely the difference
in flow caused by the reduction in radius of curvature.

In determining the best elbow, both valve port
and valve were f1lletehind streamlining was used behind
the valve stem on the down stream aside. The results
were plotted with orifice coefficients as ordinates and
the ratio of wvalve 1lift to valve diameter as abcissae.
In the final runs for a basis of comparison for determining
the best elbow, the curve obtained by Wood and Hunter for
the same diameter straight intake is plotted on the same

graph as the curve for the elbow in question.
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CALCULATIONS

Page 1

From the report of the Fluld Meters Committee of the

A.S.M.E.#* we get the basic relation for flow through orifices

(equation 175, page 128)

where

W=
A=

W=A (n K Y) Va4 (8P1)

welght of flow per second

area of the orifice

(1)

n=A numerical constant that takes account of the

K=
N =

d

APl

units used.
Fow coefficient
Expansibility effect

= Density of fluid

= Pressure drop across orifice

By the nature of the apparatus

Worifice

i anlve

Hence we may write

w
orifice = Ain, K, Yi ,2d,dP, ” 1

anlve

Ao, K, Y,v24, 4E

(2)

(3)

Solving for K2 and cancelling n, andin, because we are using

consistent units

Ko - A,K Y. \[d, AP

(4)

On making our first three runs we found that changingAF,

22

" See Ribliography #5



Page 2

changed our results only slightly, hence in all subsequent

runs we used a4 P‘ of ten inches of alcohol. BRecause we had

no way of calculating the compressibility effect (Yﬁ) through

the valve, and, since the pressure drop across the valve was con-

stant, we assumed that the compressibility effect throughthe

valve was constant and very nearly unity.

Y = constant = 1 (very nearly) (5)
Let i = A K,
A 6
Where d (6
, = area of orifice
, = orifice coefficlent
A, = area of valve port

From the report by R. J. Durley™ and the thesis by

George Wood*, we found the following values of K, the

coefficient of a souare edged fldt plate orifice. These

coefficients do vary slightly with differences in pressure

drop across the orifice, but it was felt to be beyond the

accuracy of the: experiments to use other than the average

value.
Az:rf_]_._.;?___@“ in all cases.
orifice K
= 04610
i 0.605
13" 0.605
2 0.60L
23" 0,600

* see Ribliography #4

N
0.0498
0.1976
0.4445
0,786
1.224



Pgge 3

Assuming adiabatic flow through the orifice

P

i

-
—— -

E a,

2
Let =
% . Y, /% .
Tl /— = R 8
d, 3

From Fig. 72 Fluid Meters Committee Report *

d
: simple gas laws (7)

<
Y = 1-(0.41+0.035 B ) X (9)
K
where B = Diameter of orifice
Diameter of orifice box
X = 4ar
P!
K, = Gas constant = g"' 2 4
v

For our purpose B=Q because our apparatus 1s arranged
so that the manometer connection on the upstream side of the
valve is put in as an impact tube and hence reads total pressure
instead of statlic pressure. By use of this stratagem we may
assume that the diameter of the orifice box equals infinity
rather than thirty inches as is the actual case and B is re-

duced from less than one to zero.

R

0 l.oooo 1,0000
°8% 1.0006
‘03 1.,0013
.04 1.0028

*
See Bibliography #5



Page 4

- X R
.05 Straght Line 1.0036
Variadton
.06 1.0044
.07
.08 1.,0061
.10 49707 1.0088

Combining and simplifying equations 4,6, and 8

K,= N R /4P,
AP, (10)

In carrying out our calculation we found that the inclusion

of R only effected the fourth significant figure and since
this 1is beyond the accuracy of our results all calculatlions

after the first three runs assume R=1.

K, , the vawe coefficlient, is the ratio of the amount of ailr

2

flowing through the valve and elbow to the amount of air that
same

would flow through an orifice of the/diameter as the valve

port if tge perfect gas.were used,



1.

RESULTS

Within experimental error, the amount of bulge (Dimension
"p" in diagrams) is dependent upon the diameter of the
valve stem . Roughly the diameter of the valve stem should
equal 2 D, If the expansion chamber of the elbow is too
large (2 D>stem diameter) the flow is worse than if the

expansion bulge is too small. ( 2 D<Lstem diameter),

The larger the radius of curvature, "R" the better the

flow. characteristics of the elbow. With "R" equal diameter
of the elbow, and with the optimum bulge, "D", and a stream-
line fillet, the flow thru the elbow is within 10% of that
throuéh a straight inlet port at a wvalve 1lift to diameter
ratio of .21 .

If the ratio of radius of curvature of the elbow to port
dlameter 1s reduced below .85, then each subsequent re-
duction of 14% reduces the flow about 8%. Any increase
above 8,5 in the ratio of radius of curvature to port
diameter, has no worthwhile effect in bettering flow

characteristics,



l.

S

SUGGESTIONS FOR FURTHER INVESTIGATIONS

Effect of pulsating flow on intake.

(In our thesis, only steady flow was considered.)

Precise effect of valve stem diameter on flow,

Further study about the effects on flow of complex

curvatures in port elbows,
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Runs 1, 2,3 -
Straight intake elbow, 1 3/4 inches in diameter,
Run 1 taken with P 10" alcohol, Run 2 with P
5" alcohol, and Run 3 P 15" alcohol.
Each run, 4 through 21, taken with P = 10" alcohol.
Runs 4,5,6

See diagrams

Run 7
See diagram. In Run 7, D=0, R=1 &/4"
Streamline fillet behind valve stem,
Runs 8 & 9
The bulge in the elbow tested started at a point
just before the velve stem,
See diagram., Run 9 like 8 except a streamline
fillet was inserted behind the valve stem,
Run 10
Run 10 1like 7 but with D= 3/186
Run 11
Like Run 10, but with streamline valve stem fillet,
Run 12
Like run 11, except the valve seat were streamlined ——
as shown in diagram,
Run 13
Like run 7, but with D =3/8"
Run 14

Like run 13, but with streamline fillet behind valve stem.



Runs 15 - 21 see dlagram
Run 15
D=1/4"; R=1 1/2"
Run 16
D=3/16";. R=1 1/2%
Run 17
D=1/8"; R=1 1/2"

Run 18

p= Y . R=11/2"
Run 19=

D:%’”; R=1 1/2"
Run 20

D=3/16"; R=1 1/4"
Run ‘21
D=3/16"; R=1"
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Reading
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DATA

Pl
Manometer
Left Right
15 15
15.2 14.8
22.1 5.6
15.0 15.0
25.2 148
15.6 14.1
18,0 11.2
22.6 4.9
16.5 13.1
17.8 1l.4
18,1 9.7
19.9 8e7
20.9 7.2
22.3 5.6
17.3 12.1
17.8 1.4
18.3 10,9
18.7 10.4
19.2 9.7
18.0 11.2
16.6 13.0
15.7 14.2
17.3 12,0
15.0 15.0

RUN #1

Pg

10

Micrometer

. 806
. 806
. 756
. 706
. 500
« 750
« 750
+ 700
»650
. 650
» 600
« 550
» 500
+450
«400
«400
« 550
« 3500
. 250
«200
. 700
725
» 750
775
.800

Orifice

I

n

l ]
_%!l

n

1 n
l i
1.%_ mn

it
2 ]
n
n
L



DATA RUN #2 (Straight Inlet)

Reading Manﬁ:gieter Pg Micrometer Orifice
Left Right Used
0 14.9  14.9 0.800
1 14.9  14.9 ‘ 0.800 1/2
2 1S - 1127 £
3 15.0 14.6 0.765
4 15.6 13,9 0.730
5 16.6 12.6 0.695 m
6 18.1 10.5 0.660
‘) 20.0 8.1 0.625
8 22.9 4.2 @.5000 1 as it
9 16,4 12,1 0.590 i
10 17.0 12.1 0.555
11 17.2  11.8 = 0.515
12 1746 1 1 X138 0.480
13 18.0 10.8 0.445
14 18.6 10.0 , 0.410
15 19.1 9.3 0.375 1 3/2%
16 19.7 8.6 0.340
17 20.2 8.0 0.305
18 2047 7.0 0.270
19. 211 6.6 0.235
20 21,7 847 0.200
21 25,1 5.2 0.165
22 22.6 4.8 0,130

23 23,0 4.3 + 0.095 Y



RUN #4 Curved Elbow

2
fReading Manometer P Micrometer orifice
B - Left Right Left i Right i
1 14.5 14.5 .6 .6 .825 "
1/2"
2 12.2 17.3 5.6 4.4 QAT IRIRE" .
3 142 14.8 E " 790 r
4 13.5 15.9 & " -755 l"
5 11.8 179 " e 720
6 9.1 21 0 t .685 e
/4 13.3 15.9 " " .685 %
8 12.6 16.8 " " .650
9 137 17.9 " s .615
10 10.8 19.1 . ! .580
11 10.2 19.8 " ! +545
12 i n
9.6 20.4 '510 1 1/2"
13 9.0 21.2 " " 475
14 8.4 21,9 " 9 «440
15 7.7 22.7 " " '405
16 | 23.2 " " .370
17 6.8 23.8 i n .335
18 6.5 24,0 " i .300
19 Bed 24,2 " " .265
20 6.2 24.3 " S .230 V
21 6.1 24.4 " n oE oA s RS
ICheck: - *
22 12.2 17.3 " " 370
. 2"
23 12:1 174 " t «335



RUN #b Curved Elbow

‘Reading ng?‘l;géet;ight % Po Jhig Micrometer Orifice
<! 15 15 £ +05 F .05 «830
1/2"
2 11.9 18,7 5.5 4.5 795 ___
5 1407 15.2 10" 795 A
4 13.8 16.4 " .760 1L
S 12.0 18.6 " .725
6 9.2 22.0 " .690 Y
v —-A—-_-
13.8 16.4 " .680
; 15.0 17.4 4 655
9 12.0 18.6 H .620
10 11.0 19.9 " «585 )
11 10.3 20,7 " «550 1
12 9.8 21.3 " .515
13 9.2 22.2 2 480
14 8.3 23.1 i .445 +
15 7.4 24.1 N W5 1 IR S e
16 12.5 17.9 - .410 +
17 12.3 18,2 " .375
18 12.1 18.6 & | «340
19 11.9 18.8 " +305
20 1.6 19.1 n .270 £
21 11.4 19.4 " .235
22 312 19.6 " «200
23 11.1 19.8 " .165
24 10.9 20.0 - .130 v



;b ading

© O =T o O » G W +

110
111
112
(13
t14
115
16
§17
18
19
$ 20
{ 21
22

RUN #6 Square Elbow
P1

Manometer Po
Left Right Left Right Micrometer orifice
18 15 0 - 0 «830 1789
14.8 15.3 5] - S 795
13.9 16.4 o . 760 4

L

12.3 18.5 . «725

9.8 216 i .690 _}_-__
13.9 16.4 3 .690 A
13.3 17.2 4 «655
12.4 18.4 " 620
11.5 19.4 : « 085
11.0 20,0 " «550
11.6 21.6 E «515

9.9 21.3 . 480 s

9.4 21.9 " 0445

9.1 22.5 " +410 i

8.7 22.8 " 375

8.2 23.2 " 540

8.1 23.5 B «005

7.9 " 23.6 % 270

T 23.9 H o235 |

7.6 24,0 H +200 |

7.4 24.1 ! «165

S 24.2 . <130



RUN #7

Curved Elbow and Streamlined
Valve Gulde

'ieading Mangieter p
I NO. Left Right Left . Right Micrometer orifice
112N 15 15 ol ol « 830
2 13.4  17.0 /0" .665 )
I 13.2 18 «655
-4 12,3 18,3 «620 I
) 11.4 19.4 . 085

6 10.8 20.1 «550

4 10.3 20,7 +H16

8 0.7 21.5 « 480

9 9.1 22.1 o445
10 8.5 22,9 .410
11 79 23.6 «375 --_\{.__..
az 12.6 by g « 075 h
113 12.5 18,0 340
114 12.3 18.2 « 205
§15 12,2 18.4 270 2.0"
116 12.0 18.6 235 |
17 11,9 18,7 «200
18 11.9 18.8 + «165

e



RUN #8

Reading Manoxl;::!; ter Po
t No. Left Right Left Right Micrometer orifice
ol 0 il 8 10 830
1 2 13.2 17.4 = 655 *
) 18,2 18.6 " 620 e g
-4 11 20 " 585
) 10,2 20.8 S 550
6 9.6 21.5 o 515
i 8.9 22.4 " 480
"8 8.1 25.4 5 445 —--l[--
9 Ted 24,4 i 410 1.5"
10 12.5 18.1 i 410 20"
a1l 12,3 18.5 a 375
a2 12,0 18.8 L, 340
13 11.8 19,1 " 3056
14 11.5 19.4 " 270 2.08
115 11.5 19.8 2 235
16 ' 11.1 20.0 5 200
a7 10.8 20.2 ' 165

118 10,6 20,4 - 130



" Readilng
No.

© © = O O s !N

e I
I - T O I N SR O

Py
Manometer
Left  Right
13.1 17.2
12,2 18.3
1151 19.6
10.5 20.4
9.9 21,1
9.2 21,9
8.5 22.8
746 23.8
12.5 17.9
12.2 18,2
12,0 18.5
11,7 18.8
11.5 19.1
11.3 19.3
11.2 19.5
11.0 19.8
10.8 20,0

RUN #9

”

10

Micrometer

655
620
585
5580
515
480
445
410
410
375
340
505
270
235
200
165
130

Orifice

1.5"

——— - — -

2.0"




‘R

eading
No.

© ® T O O s B W O

10
11
12
13
14
15
16
47

Mag%mster
Left Right
15. 15.0
13.0 17.5
12.0 18.6
11.0 19.9
10.2 20.9

9.5 21,7
8.7 22,7
13.1 17.4
12.8 17:%
12,5 18.0
12.2 18.4
11.9 18,7
31.7 19.0
11.4 19.4
11.2 19,7
11.0 19,9
10.8 20,2
10.6 20.4

RUN #11

Po

10 n

n
n

"

n
n

n

n

Micerometer

+830
«655
«620
» 085
« 550
«515
«480

+480

0445
410

« 375
« 540
» 505
«270
235
«200
«165
« 130

Orifice

1 1/2"

2“



RUN #12

Py
sading Manometer
do. Left Right Po Micrometer orifice
) 15,0 15,0 10" .830
L 13.2 17.3 <855 ¢
2 12.3 18.4 .620
11/2"
5 s 1 0 19.8 .585
! 9.7 21.5 .550
5 8.2 23.3 .515
5 6.8 24,9 .480 Y
7 12.3 18.2 .480 A
3 12.1 18.5 / .445
10"

] i g 18.6 .410

|
0 12.1 18.6 375
1 12.2 18.5 « 540

21!

2 12.2 18.5 .305
3 12.1 18.7 .270
[} 11.9 18.8 .235
5 11.8 18.9 .200
5 s 19.0 .165 |

|
7 11.7 19.1 | .130 Y




ading
i¥o.

Manometer
Left  Rignt
15 15.2
13.1 17.2
12.2 18.4
1% 19.7
9;8 21.2
8.7 22.5
8.0 23.4
8.0 25.4
7«9 23.5
7.6 25.8
7.4 24.1
Tal 24.4
12.3 18.2
12.2 18.3
12.1 18.4
12:1 18.5
12,0 18.5
12,0 18.6

RUN 13

P2

10"

10"

Micrometer

«830
655
+620
«585
«550
«515
«480
« 445
«410
« 375
» 240
« 504
« 308
« 270
235
« 200
»165
«130

Orifice

i

1.5"




sading
o,

3
Manometer
Left Right
13 17.3
12 18.6
10.8 20.1
9.5 21.8
7.9 23.5
6.6 24.9
12,3 i8.1
12,3 18.1
12,3 18.2
12.2 18.3
12.1 18.4
12.0 18.5
11,9 18.6
11.9 18,7
11.8 18.
1347 18.8
11,7 18.9

RUN 14

10"

10"

Micrometer

«655
«620
+ 585
« 550
.516
«480
»480
«445
.410
375
« 540
« 3056
«2870
« 235
«200
«165
» 130

Ofifice




yading Manogéter
0. Left Right
L 12.8 16,7
2 11.9 17.8
5 10.8 19.2
t 9.6 20.6
5 8.3 22,2
3 72 23.5
7 12.0 17.6
3 11.9 17.8
R 12.0 1k
) 11.9 17.8
1 11.9 17.8
11.8 17.9
3 B e %4 19.0
4 11,7 18.1
(6 11.6 18.2
6 11.6 18.3
/4 11.5 18.4

RUN 15

P

10"

10"

Micrometer

«655
.620
« 585
« 550
«515
«480
.480
«445
+410
« 375
« 340
« 305
«270
« 235
«200
»165
«130

orifice

LeB"

2"




ading

P1
Manometer
Left Right

13 4 B
12,1 18,2
10.9 19.7
9.5 21,3
8.0 23.1
6.6 24,7
12.2 18.1
12.0 18.3
12,0 18.3
12.0 18.4
12,0 18,4
11.9 18.4
11.8 18.5
11.8 18.6
11.7 18.7
L1a 18.8
11.6 18,9

RUN 16

10"

10 mn

Micrometer

«655
«620
« 0895
« 950
+D15
«480
+480
» 445
«410
+375
» 340
« 508
«270
235
« 200
«165
«130

Orifice

2.0"




sading

fo.

<= OO O B W W

Magémeter
Left Right
13 1731
12.1 18,2
10.9 19.7

9.4 2l.4
8.0 23.1
645 24,7
12.2 18.1
12.0 18.3
12.1 18.2
1251 18.2
12.0 18.3
12.0 18.4
11.9 18.4
1138 18.5
135 18.6
116 18,7
11.6 18.8

RUN 17

P2

10"

10"

Micrometer

«655
«620
« 985
« 550
«515
«480
«480
«445
«410
D75
« 340
« 3505
«270
+235
«200
«165
« 130

Orifice

+

21"0 n




1“

P2
Manometer
Left Right
11,6 15,7
10,7 16.8
9.5 18.2
8.2 19.8
6.9 21.3
5.8 22,7
545 23,0
10.8 16,7
10,9 16.6
10.9 16.6
10,9 16,7
10.8 16.8
10.7 16.9
10.6 17.0
10.5 17.1
10,4 17.2
10,3 17.3

RUN 18

10"

10"

Micrometer

«655
»620
» 085
« 580
« 915
. 480
445
«445
«410
e 375
« 540
+ 305
« 270
«235
«200
«165
« 130

orifice

1,5"

2.0"




@ding

e
-

e

P2
Manometer
Left Right
11.6 15.7
10.6 16.9
9.6 18.1
8e5 19.56
7.4 20,7
740 2l.2
6.9 21.4
648 2l.4
6.6 21,7
6ed 22.0
6.1 22.3
5.8 22.6
S.7 22.8
55 23.0
Ded 23.2
S.1 23.5

RUN 19

10 n

10 ]

Micrometer

655
+620
« 085
« 980
«515
«480
«445
«410
375
« 340
«» 305
«270
« 235
«200
«165
« 130

1.

Orifice

5“



ading
)'!0 .

® ® 9 O O B w W -

55 ﬁ S <

o o s o

P
Manometer
Left Right
11.6 14,7
10,8 15.6
9.7 16.8
8.7 18.2
7.6 19.5
6e5 20,9
5.8 21,7
5.7 21.8
5.8 21.6
5.8 21.6
5.6 21.8
5.4 22.0
5.2 22.2
5.1 22.4
5,0 22,5
4,9 22,7

RUN 20

10"

10"

Micrometer

6585
.620
« 588
» 980
+015
« 480
+ 445
«410
575
« 540
« 305
«870
«235
«200
» 165
«130

Orifice

1 31/2%




Reading Manomgger
"No. Left Right
Ll 11.6 14.6
H 10.8 15.5
3D 9.8 16.7
4 87 18,0
5 7.6 19.3
|6 6.8 20.3
%7 6.8 20,3
8 6.8 20,3
9 6.7 20.4
10 645 20.6
al 6.2 20,9
a2 6.2 21.0
13 6.2 2l.1
14 5.9 21,3
as 5.9 2l1.4
116 5.8 21.5

RUN 21

10!!

10"

Micrometer

«655
« 620
« 085
« 030
«01b
«480
e445
«410
« 375
« 540
» 505
«270
235
« 200
«165
.130

orifice

1 1/2"




CALCULATIONS RUN #1

geing k3 N i3 L/D
a 23,3 +0498 .0766 .0286
2 1.5 B .0766 .0286
.1976
3 6.8 # .163 0572
4 s 1 v (ORI 1.1 .264 .0857
5 3.4 A .269 .0857
6 6.6 .356 1143
iv'§ 9.4 . 4445 431 . 1430
‘8 11.2 .470 .1712
9 13,7 .520 .200
0 16.7 L e .574 .2285
f 5.2 i «567 .2285
e 6.4 .630 .257
."786
3 7.4 676 .286
4 8.3 716 314
15 9.5 . 767 + 333
6 6.8 T 163 0572
{74 346 «1976 «119 0429
8 1.5 - .0764 .0286

19 5¢3 .0498 0363 .0143



5.4
6.3
7.2
846
9.8
11.1
12.2
13.5
14.5
16.0
16.9
17.8
18.7

CALCULATIONS RUN #2

.1976

04445

Cc olH

.0528
.056869
«115
«175
243
« 504
« 381
« 382
«440
«462
« 497
« 533
« 582
617
.662
«693
733
« 755
« 790
817
.840
.8568

.02
.02
.04
.06
«08
«10
o 12
12
ol4
163
« 183
« 203
0223
e 243
263
+283
» 3503
323
343
0063
« 383
»403



e

(3%

W N R Ut e W

@ ~ oo

.05
16,5
led
4,6
11.3
21.2
4,3
7.0
10,4
13.7
14,9
17,0

19.4
6.3
7.2
8.3

9.4
10.4
11.5

12.5

13.5
14,5

16,0
16.4

17.0
17.8

18.3
10.6

CALCULATIONS RUN # 3

=

- - —

« 4445

. 786

L/D

.02
.02
.04
«06
.08
.08
.10
12
«19
016
.18

«20
«20
s

«26
«28
+ 30

32
34
+ 56
« 38
«40
42
44

46



CALCULATIONS KUN #4

gading _n N . L/p
Il 0 . 0498 0

2 Qe W2 wemmus «0356 «02
1S .6 * 0484 .02
4 2.6 .1976 + 101 .04
' 5 6.1 «154 »06
' 6 11.9 _-_Y,_-_ «216 «08
U 2.4 .218 .08
] 4,2 . 288 «10
39 6.2 «350 .12
Lo (ST 404 14
11 9.6 .4445 +435 .16
12 10.8 .462 .18
13 12,2 «490 «20
14 13.5 .516 .22
15 15.0 044 24
16 16.1 + 5605 26
w7 17.0 » 580 «28
18 17.5 « 587 « 30
19 17.9 «594 D2
20 18.1 « 597 54
21 18.2 *___jt___ «600 « 56
22 5.1 .VJE 063 «26

23 5.5 Y 573 .28



6.8
)
2,6
6.6
11.8
2.6
Sed
6.6
Be9
10,4
11.5
13.0
14,8
16,7
5.2
5.9
6.5
6.9
745
8.0
8.4
8.7
9.1

CALCULATIONS RUN #5

1=

+4445

I

« 786

=

«0411
« 0443
«101
.160
214
« 226
«259
« 561
.419
« 458
«476
«» 506
« 540
074
« 567
«605
634
«653
681
« 703
«720
« 732
. 750

.02
.02
.04
+06
.08
.08
.10
.12
14
»16
.18
«2C
22
24
24
«26
«28
D

32
24
« 56
« 38
«40



CALCULATIONS RUN #6

iding P1 i) i L/D
' 0 .0498 0 0
7 s .0388- .02
! o5 1 .0443 .02
i 2.5 .1976 . 0988 .04
! 6.2 l : .155 .06
J 1.7 e=deeeaa «213 .08
i 245 & .222 .08
f 3.9 .278 <10
3 6.0 e 344 +12
) 749 «395 .14
) 9.0 .421 .16
.4445
L 10.0 o444 .18
2 11,4 o473 «20
5 12,5 .492 .22
4 13.2 .510 .24
5 14.1 .528 .26
5 15.0 .544 .28
7 15.4 +561 «30
8 187 « 536 o8
4 16.2 .565 .34
() 16.4 .B68 .36

1 16,7 + .574 .38

2 16.9 . 578 .40



adings
L
2
5
!
5
3
r
3
)
)
L
2

I T

Pl

3.6
4,0
6.0
8.0
Ded
10.4
11.8
13,0
14,4
15,7
5.1
5.5
5.9
6.2
6.6
6.8
6.9

CALCULATIONS RUN #7

&

4445

«786

. 267
«281
e 544
« 397
429
« 453
«483
» 506
« 533
« 556
2062
« 983
«603
.619
«630
«649

«653

.12
.14
«16
.18
«20
22
24

«26



L e

v

CALCULATIONS RUN #8

X

04445

»786

=

291
* 556
421
«458
«485
516
» 949
« 981

'« 088

.618
«648
«671
«699
724
o741
762
JTTT

.12
.14
416
.18
«20
o22
o224
.24
«26
28
«30
«32
.34
36

«40



CALCULATIONS RUN #9

dng _h X K L/D
4,1 «284 " 4

- 6el1 A « 347 .12
* 8.5 410 14
, 9.9 .4445 442 .16
i 11.2 <471 .18
; 12.7 .502 | .20
r 14,3 530 .22
) 16,2 . e O 565 .24
) 5.4 578 .24
) 6.0 .609 .26
L 6.5 .634 .28
2 7.1 ’ .661 .30
, 786

3 7.6 .700 32
B 840 .705 54
5 8.3 J712 .36
5 848 737 .38

7 9.2 Y . 754 «40



CALCULATIONS RUN #10

Bading g N K
ol 4,3 \ .291
2 645 .358
3 845 .410
4445
4 10.0 .4445
5 11.4 .475
6 13.0 J .506
7 14.6 0 =eedeoe- .538
8 4.7 .539
9 5.4 .578
110 6.0 .610
f11 6.5 634
: .786
112 | .662
(13 7.6 .685
114 840 .704
115 8.4 .720
16 8.9 742

7 9.3 V +757

»10
12
.14
«16
.18
«20
022

24
26
«28
+ 50
D2
o4
.36
+ 58
«40



w

4,5
6.6
849
10,7
12.2
14.0
4,3
4,9
5.5
6.2
6.8
7e3
8,0
B8e5
8.9
0.4
9.8

GALCULATIONS # 11

N

1

»4445

«786

I=

«670
361
«419
+460
+490
«H26
.524
«550
o741l
«620
«650
672
« 703
725
742
$ 763
o779

L/D

ol

12
14
«16
.18
«20
«20
22
24
«26
«28
« 350
52
34
036
.58
+ 40



CALCULATIONS RUN #12

tading - N K /D
i 2.1 ) .284 .10
2 6.1 <347 .12
'3 8.7 4445 <415 14
4 11.8 .483 .16
‘5 15.1 .545 .18
6 18.1 597 .20
) 5.9 604 .20
'8 - 6.4 V | .630 .22
19 6.5 786 +635 .24
0 6.5 635 .26
Al 6.5 .625 .28
12 6.5 .625 .30
13 6.6 | .640 .32
4 649 .654 .34
15 7.1 .663 .36
6 742 .667 38

w7 7.4 Y « 676 «40



4,1
6.2
8.6
11.4
13.8
15.4
15.4
15,6
16.2
16.7
17.3
5.9
el
6.3
6.4
6.5
6.6

CALCULATIONS #13

X

04445

«'786

I=

« 288
35

412
«475
«523
«551
«551
«555
« 265
«574
+ 985
+604
614
.624
« 630
635
+639

.10
.12
.14
.16
.18
«20



Reading

© O <8 o O s B

I I U R R
94 0 O s BN O

6.9
Tel
7.2

CALCULATIONS RUN #14

bl

1

» 4445

«' 7186

K
.281
361
429
. 497
555
.601
+599
599
.604
.614
.624
634
.643
649
654
663
667

1/D
«10
«12
014
o 16
.18
« 20
20
22
24
e 26
.28

52
54
56
» 58
«40



Reading

© O 2 O » o G’ W ¢

LT T S ~ I N U A
< O U x H O

3.9
5.9
8.4
11.0
13,9
16.3
5.6
5.9
5.7
5.9
5.9
6.1
6.3
6.4
6.6
6.7
6.9

CALCULATIONS RUN #15

=

« 4445

— - — -

.786

I

«278
337
« 407
«466
» 525
« 068
« 588
.604
«594
. 604
«604
614
624
«630
639
.644
654

.10
.12
14
«16
.18
«20
«20
22
24
«26
« 28
«30
32
.54
+ 36
« 38
«40



Reading

© O 94 o o &~ W

=
o

X1
12
13
14
15
16
17

4,0
sl
B8
11.8
15.1
18.1
5.9
6.3
6.3
6.4
6.4
6.5
6.7
6.8
7.0
Tel
73

CALCULATIONS RUN #16

X

i

« 4445

- - -

« 786

K
.281
o373
$417
.483
.546
.598
.604
.625
.625
630
.630
.634
644
.648
.658
.662
672

.10
012
14
«16
«18
.20
«20
22
24
« 26
«28
« 30
32
.54
+ 56
«38
«40



Reading

© O ~N o ook O W ¥

N I T v i
=3 O oo B M O

4,1
6.1
8.8
12.0
15.1
18.2
5.9
6+
6.1
6ol
6e3
6.4
6.5
6.7
649
7«1
Te2

CALCULATIONS RUN#17

X

]

«4445

. 786

K
.284
347
417
.487
.546
.600
.604
.625
.614
614
625
630
634
.644
653
.662

671

.10
12
14
.16
.18
«20
«20
.22
.24
26
«28
«30
.02
054
36
«40
42



Reading

© O N O O ok B N O+

e = = i v o =
< O o B WM OH O

4,1
6.l
8e7
11.6
14.4
16.9
17.5
5.9
5.7
5.%
5.8
6.0
6.2
6.4
66
6.8
7.0

CALCULATIONS #18

1=
=

284

* » 546
04445

«413

«480

«523

« 076
-—-*— - «586
«604

« 593

. 593

« 786 «600
«609
.618
«628
«638
« 647

/ 657

«10
12
.14
«16
.18
«20
22
22
24
«26
«28
+ 30
32
54
.36
« 38
»40



CALCULATIONS RUN #19

Reading ik N K L/p
1 4.1 .284 .10
2 6.3 | .352 .12
3 8.5 .409 .14
4 11.0 . 466 .16
5 13.3 .510 .18
6 14,2 .4445 .528 .20
7 14.5 .532 .22
8 14,6 537 .24
9 15.1 .546 .26
10 15.7 .555 .28
11 16.2 .564 .30
12 16.8 .576 .52
13 17.1 .581 .34
14 17.5 .586 .36
15 17.9 .592 .38

18.4 V «602 «40

<F]
(7]



CALCULATIONS RUN #20

Reading __11 N K L/D
1 3.1 A 247 .10
2 4.8 .308 .12
3 Tull 374 .14
4 9.5 . 433 .16
5 11.9 484 .18
6 14.4 .533 .20
g 15.9 .560 22

.4445
8 16.1 563 .24
9 15.8 «555 .26
10 15.8 556 .28
11 16,2 ‘ .565 30
12 16.6 o572 32
13 17.0 .580 .34
14 17.3 .585 .36
15 17.5 .588 .38
16 17.8 | 594 .40



]
(U]
© O N o O » »’ D HL%
=]

o I B = O I
o o w B v H O

i
5.0
4,7
6.9
9.3

i s g

13.5

13.5

13.5

13.7

14.1

14,7

14,8

15.1

15.4

1545

15.7

CALCULATIONS RUN # 21

1=

04445

X
243
.302
368
. 427
479
.515
.515
515
.519
527
.538
.540
.545
.551
552
555

«10
12
14
16
.18
«20
22
024
«26
.28
«50
32
54
« 56
» 38

«40
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