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=PROGRESSIVE SPEED TRIALS=



Progressive Speed Trials of the Steam Passenger

Boat "Whitebear."

The steam passenger boat "Whitebear" is a wooden single
screw boat desigred by Moore of Wazata, Mimnesota and built
under his supervision in the shops of the ;:ggi City Rapid
Transit Company in Minneapolis, Mimnesota. She was built for
the purpose of Carrying passengers on Lake Minnetopka, Miine=
sota.

Her engine was built by the Marine Iron Works Company
of Chicago, Illinois; is triple Expansion, vertical, condensing,
fitted with balanced piston valve on the High and Intermediate
cylinders and a double ported slide valve on the low.

Steam is furnished by a Roberts Marine Boiler built by the
Marine Iron Works Company. The boiler is placed in the same
compartment with, but forward of the engine. The draft is
natural. The boat is fitted with a Jet condensor, steam fit-
ted withan independentl;fg?iven vacuum air pump; auxilisry
steam driven boiler feed pump, hand test pump, and an indepen-
dent'exhaust steam feed water heater. The approximate weight
of the plant is 20,500.*

The trials were run in July, 1909 over a measured course,
.828 of a2 knot in length, extending in a straightAline from
the northern end of Big Island to Ferndale.in‘the lower lake
of Lake Minnetonka. Minnesota. The depth was at an average of
80 feet, the Whitebear drawing 5.458 feet to the bottom of her
skeg. The course was smooth with véry little wind blowing,

The trials were rum between 10 A. M, and 5. P. M., the breeze



freshening a trifle toward the end of the test,

The following observations were taken- the times re-
quired to pass over the course, the revolutions of the engine,
the boiler pressure, and the engine was indicated by indica-
tor cards- are average of five being taken for each run down
the course. Times were taken by a stop watch from the pilot
house, the revolutions were taken from a counter on the engine.
By means of a three way cock on the cylinders, head and crank
end diagrams were taken on each indicator card, one indicator
being placed on each cylinder,

The best mean speed obtained was 10.28 knots which is
very close to the boat's maximum speed, for she was being
pushed nearly to the 1limit, the engineer having difficulty in
keeping her pressure up to 240# at this speed. At 250# pressure,
the safety valve blew, so it was thought advisable to keep the
boiler pressure below 240#. The boat had just come from dry
dock,having had her bottom cleaned, and propeller smoothed up,
the supposition being, therefore, that conditions were very
favorable to a good performance.

Six runs were made and the results are shown in the
following tables. Speeds, revolutions and mean effecdtive
pressﬁres (M. B. P.) are shown tabulated. The values were
plotted on Plotsﬁg; ip—tehledl  and from these plots table #2
was takens In this table revolutions and mean effective pres-
sures (M.E.P.) are taken off the above mentioned plots at even
knots,

The indicated horse power is then figured.in the usual
manner. In figuring innitial:friction peower, however, a sup-

position has been made. The initial friction M.E. P. on the



plot was assumed asvthe faireét value under the ciréuﬁstanees
‘ the Analysis

and the curve was then fared down to ii. In deis®, #5 these

results are sean tabulated as well as the rest of the calcula-

tions.,

Line 5 gives load friction power which is assumed to be
.07}of the difference between the indicated horse power and
initial friction power from the formula L.F.P.= ,07(I.H.P.- I.F.
P.) the symbols beihg explained in the table.

Line.é gives gross horse pewer (G.H.P.) which is found
by subtracting the sum of the initial and load friction powers
from the indicated horse power for eakh speed.

Line 7 shows apparent slip S'. This is calculated from
the formula S'=a 1-Vx1l0l.3 where R = Regolutions per minute,

P = pitch in feet angRV = knots per hour.

Line 8 gives true slip - S, calculated by assuming a
10% wake and knowing the apparent slip from the formula 1 - S =
(1 - S4}(1 - w.) where w.= wake. Then solving for a constant
K from a formula used in conjunction with plots made by M.P. An-
derson as part of his thesis, I obtained from these plots the

effeciencies of the propeller which appear in line 9. The for-

mula for the constant K is as follows:=
K = 10,000,000 V G.H.P;
D RYPS

where D= diameter of propeller in feet.

G. H, P, = gross horse power.

R = Revolutions per minute and P = pitch of propeller in feet.
As a check on assuming 16.% wake the true slips thus solved
for were used to take new values of K from the plot and from
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the above formula the pitch was solved for. This checked to
within 3% and as the plot was only good to 2% these values of
true slip and propeller efficiency were held.

Line 11 give power applied by propeller to propulsion
(E.H,P.) and was found by multiplying gross horse power by
propeller efficiency in each case.

Line 10 gives thrust horse power (T.H.P.) calculated

from the formula E.H.P. = T.H.P. where w.= wake.
1'W. )

Line 12 gives wake gain and thrust deduction. These
two are equal to each other and are found by subtracting
I.,BE.P., from T.H.P.

Line 13 gives power to overcome skin resistance. This
is found from the formula Ps = ,00307f SVa+l where fis a con-
stant for hull friction.

V = knots per hour

S = wetted surface of boat |

i = exponent f & n were taken from Tiderman's

tables for a 70 ft. boat.

Line 14 gives power to overcome wave making resistance

= Pw This is calculated by subtracting skin
resistance power Ps from E.H.P.

In line 15 the constant b is found from the formula
Pw = .00307 b D%ivf;where Pw is known from the above solution,
D = displacement of boat,

L = length of boat in feet.

V = speed in knots.
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SPEED TRIALS:-

Results:-

Analysis:-
Speed in Knots, V
Revolutions per minute, R.P.M.
Indicated horse power, I.H.P.
Initial friction power, I.F.P.
Load friction power, L.F.P.
Shaft horse power, G.H.P.
Apparent slip, S!
Slip with .10 wake, S

Propeller efficiency, e in 4 =1

*2

Power epplied by propeller *1
to propulsion, E.H.P. x2
Power to overcome skin x1
Resistance, Ps *2
Power to overcome wave *1
making resistance, Py *2
Value of constant, b *%
b 3

6.0
124.,0
15.66
1.242
il.Ol
13.41
«246

322

7.72

7.0

147.5

25.42
1.478
1.68

22.26

«260
334

* 1 and 2 are taken under two separate assumptions.
In (1) 5% has been taken from the propeller efficiency
for thickness of blade and (f) the hull friction constant

is taken as ,00983

8.0

172.5

40,1
1,728
2,69

35.7

.276

348

60.0
56.0

2l.4
20.0

10.6
11.33

10.8
8.67

In (2) 4% more has been taken from the propeller efficiency
on account of the wide stern post and the value of f is

assumed as .0105

9.0
199.0
61.83
1,994
4.19
55.7

«295

« 3656

W oo
QN L
;oo OO

L -

14.75
15.75

18.0
14.85

646
«533

10.00
228.,0
96.5
2,285
6.60
87 .6
316
384

(o1 89;]
20O = 00
' is] o Xe)

o

19.9
21.25

31.0
26.15

«656
.5H4

10.28
238.0
114.8

2.385
7.85
104.6
326

394

57 .5
53.5

60.1
56.0

23.9
25,55

36.2
30.45

67
.564



SPEED TRIALS:-
Data:- v

Date of Trials ~- July 23, 1909.

Boat Constents:-

Displacement, 79,635 lbs.
Draft to bottom of skeg 5 ft. 5 1/2 in.
Length between perpendiculars 70.25 ft.
Wetted surface (including

Rudder and Skeg) 967.75 sq. ft.
Diumeter of Propeller 43,75 in.
Pitch of Propeller 78.0 in.

Pitch Ratio 1.783

Engine Constents:-

Diemeter Low Cylinder 15.0 in,
Diameter of Piston Rod 1 3/16 1in.
Stroke 9.0 in.
Dismeter of High Cylinder 5 1/2 in,

Diameter of Intermediate '
Cylinder 9,0 in.

Data from Plate No, 3:-

Eb,e*B Speed in KnOtB. RoPoMo MoE-Po

6.0 124.0 31.5
7.0 147.5 43.0
8.0 172.5 58.0
9.0 199.0 77.5
10.0 228.0  105.5
10.28 238.0  119.95



Summation - M. E. P‘B reduced to

' Low Pressure Cylinder.

1st (low) Speed = 33,497
ond n = aa,mef
3rd " =  55.08"
4th " = 66.697"
Sth- n = 102.58%
6th (max) " = 119.95%

Spseds, R. P. M's. & M, E. P's.

Speed R. P. M. N¥.E. P.
1st Speed 693725 130.95 33.49
2nd " 7.12 148.9 44.79
3rd " 7.845 168.0 55.98
4th " 8.395 183.1 66.69
5th " 9.89 223.5 102.58

6th " 10.28 238.0 119.95



PLAN

orse ower =
Horse P 33000

1. H. P. @ low speed (1st)

-
-—

where A = mean a
low pressure cy

PLAN_
33000

33.49 x 9/12 x 176.45 x 130,95

1 H. P. @ high speed (6th)

33000

119.95 x 9/12 x

114.8

rea of
linder.

= 17.6

176.45 x 2.38

33000

70.



at 6 knots I.H.P.

Here I.H.P. = PLAN

at 7 knots I.H.P. = 43 x 3

CALCULATION: -
l. Indicated Hofse Power (I.H.P.) -~

- 31.5 x & x 176.45 x 124

VA

12 ~

33000

= 15.66

where A = mean area of

33000 1.y pressure piston
= 176.45 square inches.

- 176.45 x 147.5 = 25.42

3

3000

‘at 9 knots I.H.P.
at 10 knots I.H.P. = 105.5 x 228 x .00401.

= 77,5 x 199.0 x .00401

o1
61.83
96.5

at 10.28 knots I.H.P. = 119.95 x 238 x .00401 = 114.8

Initial Friction Power:-

From M.E.P. curve, plot #3, po = 2.5

at 6 knots H.P.
at 7 knots H.P.
at 8 knots H.P.
at ¢ knots H.P.
at 10 knots H.P.

2.5 x 9

.,01002 x 147.5 =
.01002 x 172.5 =
.01002 x 199.0 =
.01002 x 228.0 =

at 10.28 knots H.P, = ,01002 x 238.0

1.478
1.728
1.994
‘2.285
= 2.385

176.45 -
5 X “aosoo X 124 = 1.242



3. Load Friction Power:-

at 6 knots
at 7 knots
at 8 knots

at 9 knots

H.P.
H.P.
H.P.
H.P.

at 10 knots H.P. =

at 10.28 knots H.P.

.07 (15.66 - 1.24) = .07 x 14.92
.07 (25.42 - 1.48) = .07 x 23.94
.07 (40.1 - 1.73) = .07 x 38.37
.07 (61.83 - 1.99) = .07 x 59.84
.07 (96.5 - 2.29) = .07 x 94.21
= ,07(114.5 - 2.39)= .07 x 112,11

4. Gross or Shaft Horse Power (G.H.P.,):-

at 6 knots
at 7 knots
at 8 knots
at 9 knots
at 10 knots

H.P.
H.P.
H.P.
H.P.
H.P.

=

at 10.28 knots H.P.

15.66 — (1.242 + 1.01)
25.42 ~ (1.478 + 1.68)
40.1 - (1.728 + 2.69)
61.85 — (1.99 + 4.99)
96.5 - (2.29 + 6.60)
= 114.8 - (2.39 + 7.85)

1.01

]

= 1.68

2.69
= 4,19
6.60

7.85

13.41
22.26
35.68
55.65
87.61
104.6

R.



5. Mechanical Efficiency of Engine:-

G.H.P,

Efficiency = x 100
at 6 knots E = %‘% x 100 = 85,84
at 7 knots E = 22286 4 100 = 87.0
25.42
at 8 knots E = %6.‘% x 100 = 89 .0%
at 9 knots E = %%%?;‘ x 100 = 90.0%
at 10 knots E = Qg—é% x 100 = 90.8%
at 10.28 knots E = %%Tg x 1oo = 91.0%
6. Apparent slip (8;)
- V x 101.3 wher
8 =1 -"Rx7. =
~ V =
at 6 knots 87 = 1 - %5&19—143 = .246
— x 124
12
t 7 knots Sy =1 - 8.6 x 7 _
2 ovE Rl 147.5 260
15.6 x 8
=1 - 25-6 X8 =  ong
et 8 knots Sl 1 172.5
15.6 x 9
=1 5.6 X9 - po5
at 9 knots 87 =1 199.
at 10 knots 87 = 1 - W = .316
at 10.28 knots 8 = 1 — 18:6 X 10.88 554

238

/3.

e R = R.P.M,
?ean pitch in

knots per hour



/7.

- 7. True Slip (S) and Efficiencies of Propeller Corresponding.
Assuming a wake factor of .10 for this boat.
(L -8) = (1 - Sl) x (1 - wy)
(8 with (8 with
.05 weake) .10 wake) Efficlencies.
.284| at 6 knots S = 1-,754x%,90 = ,322 |66.5~-5. = 61.5%

297} at 7 knots = 1-,74 X .90 =,334 {65.75-5, = 60,75%

S

S

.312| at 8 knots S = 1-.724 x .90 =.348 [65.0 - 5.= 60.0%
S

.330| at 9 knots S = 1-.705 x.90 =.366 |64.0 - 5.= 59.0%
.350 |at 10 knots S = 1-.684 x.90 =.384 |63.0- 5. = 58.0%

.360 |lat 10.28 knots S = 1-.674 x .90
=,394 [62.5 - 5.= 57.5%

(The propeller efficienclies were found in M. P. Anderson's
Plates by means of true slip values and a constant K

solved for as follows):-

K= 10,003,000 rG.H.P. Where P = pitch in feet
R R = R.P.M.
D = diameter of propeller

in feet



K from plot

10,000,000
6 knots K = — 0 VTi3.32 = 437. 425,
2 18
1 (12 x 124)
7 knots K = 2,743,000 V 25,26 = 435, 427.5
(6.5x147.5)3
8 knots K = 2,743,000 V  35.68 = 433. 432.
(6.5x172.5)°
9 knots K = 2,743,000 V 55,65 . 440, 435.
(6.,5x199)
10 knots X = 2,743,000 V™ g7.61 = 450. 440.
(6.5%228)3
10.28 knots K = 2,743,000 V 105.2 = 462,  445.

(6.5%238) 9



8. Power Applied by Propeller to propulsion (E.H.P):-
e = propeller efficiency.

at 6 knots E.H.P., = G.H.P. x e = 13.41 x .6156 = 8.25

at 7 knots E.H.P, = 22.26 x .6075 = 13.55
at 8 knots E.H.P, = 35.68 x .600 = 21.4
at 9 knots E.H.P. = 55.65 x .590 = 32.8
at 10 knots E.H.P, = 87.61 x .580 = 50.9
at 10.28 knots E.H.P, = 104.6 x .575 = 60.1
9. Power to Overcome Skin Resistance (Pg):-
Pg = .00307 £ S v f = constant for hull

friction and from
Tideman's tables
is .00983

V = knots per hour

S = wetted surface
= 967.75 s8q.ft.

n = 1,833 from Tide~

man's tables.
n+1l= 2,833

at 6 knots Pg = .00307 x .00983 x 967.75 x 62-835 =

0292 x 159.3 = 4.65
at 7 knots Py = .0292 x 72855 L0202 x 247.0 = 7.21
at 8 knots Pg = .0292 x 8°+8%%= 0292 x 363. =10.6
at 9 knots Pg = .0292 x 95855 0292 x 505. =14375
at 10 knots Pg= .0292 x 10%-8%%= 0292 x 681. =19.9

2.
at 10.28 knots Py = .0292 X 10.38° 0o0=

0292 x 818.5 =23,9



10. Power to Overcome Wave Making Resistance (Py):-

PW = E.H‘P. Lot PS

11l. Constant b:-

Where D = displace-

¢ ment in
P, = .00307 b D%/ 3y tons
L and L = length in
feet
(79635 2/3 5
= ,0030%7 b x 2840) v
70.25
= .00307 b x 20:8 vy5 = .000472 VO
70.256
p=tW
.000472 VO
at 9 knots b = 8.0 = 18.0

.000472 x 99

at 10 knots b = 31.0

000472 x 59000 — +646

= 31.0 -
.000472 x 10° 500472 % 100,000  *°%¢

at 10.28 knots b = 36.2

= 56.2 = .67

.000472 x 10.28°

.000472 x 114,500

17



Values recomputed taking an additional 4%
off-prdpeller efficiencies for rudder post effect
and taking a new value of 0,0105 for f the hull

frietion constant.

/8.



7 The assumption was made that 5% should be de-
ducted from the propeller efficiencies as determined
from the plots by M. P. Anderson, to allow for the ab-
normal thickness of the propeller blade. An addition-
al 4% was dropped from the efficiencies on account of
the large wake caused by the rudder post of the ship.
It was then thought that a true propeller efficiency
had been found and the remainder of the tést wag conm-
puted allowing for these losses.

The efficiencies of the propeller stand, then,

as follows:—

Efficiency.
at 6 knots 57.5 %
at 7 knots 56 .75%
at 8 knots . 56.0 %
at 9 knots 55.0 %
at 10 knots 54.0 4

at 10.28 knots 53.5 %

7



8.

~20.

Power Applied by Propeller to propulsion (E.H.P):-

at
at
at
at
at
at

at

at

at

at

at

at

E.H.P, = G.H.P, X e where e = propeller efficiency.

6 knots EH.P.

G.H.P, x e = 13,41 x .575 = 7.78

7 knots E.H.P, = 22,26 x .5675 = 12.63

8 knots EH.P. = 35.68 x .560
9 knots E.H.P., = 55.656 x .550
10 knots EH.P. = 87.61 x .540

= 20.0

= 30.6

= 47 .4

10.28 knots E.H.P. = 104.6 x 535 = 56.0

Power to Overcome Skin Resistance Pgi-—

Py = .00307 £ s va + 1 £

0n<g

6 knots Pg = .00307 x .0105 x 967.75 x(6)

=03 A p.<

7 knots Py = .0312 x (7)2.833 =
0312 x

0312 x (8)2-833
0312 x

9 knots Pg = .0312 x (9)%:83%
0312 x

10 knots Pg = .0312 x (10)2-833
.0312 x

8 knote PS

-
&=

constant for hull
friction and from
Tideman's tables re-
duced to fresh water
end a rough wooden
surfece is .0105

knots per hour
wetted surface
= 967.75 sq. ft.

10.28 knots Pg = .0312 x (10.28)2:833 =

from Tideman's tables
is 1.833
and
n+1l=2.833
8.833= 3R
159.3 = 4,97
247.0 = 7,71
363. =11,33
505. = 15,75
681, = 21.25
= 25,65

0312 x 818.5



2/
10, Power to Overcome Wave Meking Resistance (Py):-
PW = EIH.P. - Ps

(See Analysis plot in Results of Speed Trials)

11, Constant b:-

2/3 5
Py = 00307 b D A\ where D = displacement
L of ship in
tons
(Zg§§§A2/5 5 and L = length of
= .00307 b x \oous) SoTEt
70.25 feet

= ,00307 b x V5 = .000472 VO x b

70.25
o.o b = PW
.000472 V5
at 9 knots b = —14.85 - 14,85 = .533
.000472 x (9)° .000472 x 59000
at 10 knots b = £6.15 26,15 - .554

. 000472 x(10)5 .000472 x 100000

at 10.28 knots b = _30.45 5 = _50.45
.000472 x (10.28) .000472 x 114,500

= ,564



BOILER AND ENGINE TESTS,

R2.
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ENGINE AND BOILER TESTS.

The boat left the dock at 7.45 A. M, on July 27, 1909,
and an attempt was made to start the test a few minutes later.
Owing to fluctuations of gages, etc., the test was started at
8:15’A. M. The boiler test continued until 8:22 P. M., while
the engine test was run between 8:25 A. M. and 2:25 P. M.
Owing to the wide fluctuation in the :data accumulated for the
enginevtest, the first two hours data was stricken out leaving
the actual time as 10:25 to 2:25,

A course was laid in amply deep watef throughout the
tests. At first the coal clinkered badly and stuck to the
grate bars, but this was soon broken up and the readings
were found to have varied but slightly.

The following observations were made:-

Revolutions were taken from a ﬁatchét counter attached tothe
engine, boiler gagévreadings were taken every five minutesduﬁﬂg
the engine test and every ten for the remainder of the boiler
test. Indicator diagrams were taken from each cylinder, in-
dicators being set so that- one sufficed for each cylinder,
craﬁk and head end cards being taken by means of a three-way
cock. Vacuum and intermediate receiver pressure readings were
taken at intervals of ten minutes during engine test. The
feed wgter was megsured by means of two barrels containing
floating scales graduated in pounds. The condenser discharged
into the lake add quantity of condensing water was measured
by means of a water metre., Temperatures of this discharge
were taken from time to time. TFeed water temperature were

also recorded. The fuel was put up in 100 pound bags, which



had been carefully weighed prior to the test. The bags were
weighed before coal had been put into them and also after the
coal had been used from them, thus determining the amount of
coal clinging to the bags. A sample of coal was taken for
anglysis for both engine and boiler tests.

Readings taken during boiler test in addition to those
above mentioned were feed water temperature taken by means of
a thermometer placed in a well let into an elbow in the feed
water pipe. The pressure and temperature in the throttling
calorimeter were recorded for the purpose of determining the
quality of the steam,

The auxiliaries consisted of a feed water pump, and a
steam driven air pump, and a feed water heater. The amount
of steam used by the pump was assumed to be negligible. The
feed water heater used exhaust steam. The barometer was : taken

from observations made by the gowernment weather bureau.

27



BOILER TEST.
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26.

BOILER TEST:=
Results: =

Date of Test - July 27, 1809

Heat of combustion of coal as fired.......... .13,978,B.T.U

Boiler Pressure (ZaUZe).. ceeeeeesssssacsconns 209.3#

Quality of Steam...... et etecatat e ceaaeaas 1.8° supe
er heat

Boiler Horse: power developed (A.S.M.E.rating). 58,45
Thermal efficiency of Boiler...evuiveeeennennn ....59.0%
Coal as fired per square foot of grate

SUTTECE PET NOUT .. .eveeonvenencesenseseall 05 /b3,
Heat taken up by water in boiler per pound

of coal as fired.... oo cvvenes cee....8250.B.T.0,
Actual water evaporated per pound of coal........ 7.38#
Toté.l E:-quivalent Evaporation from and at 212°F 22,150#
Equivalent Evaporation from and at 212°F per

square foot of heating syrface....... .795#
Equivalent Evaporation from and at 212°F per

pound of dry coal......ccou. ceeeseeeal0.454

Maximum assumed error of test........ccvvuunsn «s 5.97%



Data:=-

4

BOILER TEST:=

Date of Test - July 27, 1909 - 8:15 A.M; - 8:22 P.M.
Duration of Test......cceivienn teeesss..12 Hrs, 7 minutes,
BaTOMEteTr. : tvvvvoenuneeoncencanannneenns 28.90" = 14,19#
Boiler Pressure (Zauge)..cceeeeecceceeass209 . 3#
Temperature of feed water............. ...46.9°C = 116.42°F
Degrees df superheat in steam. ..........1.8°F
Total water fed to Boilers........... ce..21,481.5#
Boiler heating surface (total)...........2300 Sq.Ft.

®* Grate surface (total).....ccec.....21.70
0 o - 5 .Natural
Kind of Coal used...Virginia Bituminous Screenings
Moisture in coal, by drying test.........2.72%
Coal as fired {total).....cccvviuennee...2909,0#
Dry coal burned (total)......veveene.....26830.0#
Dry Combustible (total)eiiviieeeenaneee.2690.04
Ash and Clinker (total)ecec.ecuees veeees.210.54

Total ash and clinker in per cent of

total dry coal.............. cnsa7.44%



BOILER TEST COMPUTATIONS.

Total Equivalent Evaporation from and at 2120 k:=

RE

r
Hy = q + % «+ Cp(Sup) = 363.9 + 837.25 $.5 x 1.8 =1202.05
Ho = q2 @ temp. ot teed water (46.9°C) = 84.40
- H - Ha = 1117.65

1117.65 x 21,481.5 - 22150 pounds steam.
969.7 -

Bquivalent Evaporation from and at 212° % per pounda
of dry coal:=-

= 22150 = 10.45 pounds.
(1 - .272)2909

Equivalent Ivaporations from and at 212° ¥ per square
foot of heating surface per hour:=-

22150 = .795 pounds.
2300 x 12.1166

Actual Water Evaporated per pound of coal as fired:=-

21,481.5 = 7.38 pounds.
2909
‘Coal per square foot of grate surface per hour:-

- 2909 = 11,05#
51.70 x 12.1166

Boiler Horse Power developed (A.S.M.E. Ratipng):=-

= 1117.65 x 21,481.5 = 58.45
12.1186 x 33320

Haximum assumed error of test:=-

2 % 21.70 x 48# = 173.5# error
12

173.5 x 100 = 5.97%
2909
Thermal Efficiency of Boiler:-

1117.65 x 21,481.5 x 100 _
2909 K 13,978 - 59,0%




Heat Taken up by Water in Boiler per pound of

coal as fired:=

1117.65 x 21,481.5 . 8250 B.T.U,
2909 -

7



-ENGINE TEST=-

Jo.



Results:=-

ENGINE TEBT:-

Pressure at Throttle = 196.%gage =
Vacuum = 22.5"
Steam per hour = 6963 = 1740.4
Indicated Horse Pow:; = 92.46
Steam (including auxiliaries) per
I.H.P. per hour = 18.83#

pe

r o -
Pounds of steam U of coal = 6.90#

B.T.U. per I.H.P. per minute = 97.5

210.194#abs.

/4



Data:=-

2.

ENGINE TEST:=-

Date of Test - July 27, 1909 10:25 A.M. - 2:25 P.I,

Duration of Test, ... v iiiencnnn cevsesscss 4.0 hours
Barometer........... crreenaaes et e eeeeen .28.90"= 14.19%
kThrottle PreB8SUTEe.vcavenvasans Ceree e vees.196.0# gauge
VacuUumM. o e v o et v e vonncnnns s e rees et e e ceees 22.5" Hg
Total Coal firedeesveeees s veivecenonsnnsanans 1010.#

Total feed Water....uet i teenennceannana .6963.Q7#
Quality of steam.............. ettt 1.8° super heat

Revolutions per minute....civeeevrenneceeees 220,0
Condenging water per MOUTr..vveerereccennenss o 3D,100#
Temperature of‘Condensing water.........50°C' = 122,0°F
PTemperature of feed water in barrels.......24°C = 75,20F
Throttling Calorimeter Temperature.....231.7°C = 449.06°F

Throttling Calorimeter pressure (gauge).......7.0#

M.E.P. :-

Head End LI R A I R B I S S I A Y "0 00000 utto‘??oﬁ?#

High
crank End ® & 2 ¢ % 0 s v 08 o 8 6 00 0 e 0 e 00069025#
Head End.o & 000000 0000000 Ien -0‘043.4#

Intermediate

Crank .:?rnd e e 0 s .o ce e 00 v ...-.......51-5#
(Head End-o ®© 8 & 50 00 0 e e oo.o.n.ol0024l4#

Low
Crank End..... e s s 00 000 2o * o0 0008 00 .-.27'2#

Engine Constants:=-
Diameter of high pressure Cylinder....eceeee..5.5 inches
" " Intermediate pressure Cylinder....9.0 "

" " Low " " «es.15,0 W



Pistonnod Diameter.ﬂbtb.........C‘......U...15/16 in'

Stroke of piston.....-...OQ....'....‘.'0....09.0 "

ENGINE TEST COMPUTATION:=-

Indicated Horse Power:-

PLAN & H.P.
33000

High Pressure Cylinder:-
"M.67 x 9 x T x 5.5% x 220
I —

Head =
= 9.23
12 x 33000
Crank = 69.25 x 9 x 523.75 - TI(¥9)%)x 220 = 7.84
12 16
33000
Intermediate Cylinder:-
Head = 43.4 x 9 x TT x 92,x 220 13.80

12 4 33000

Crank = 51.5 x 9 x (63.6 = 1.11) x 220 = 16.10
2 330008

Low Pressure Cytinder:-

Head = 24.4 x 9 x ®r x (15%) x 220 = 21.59
12 ' 35000

Crank = 27.2 x 9 x (196.6 - 1.11) x 220 = 23,90
T2 33000

Total I.H.P, & 92,46

F3Z
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Steam (including auxiliaries) per I.H.P. per hour:=-
= 1740 = 18.837"
92.46

Pounds of steam per pound of coal:-

1010 = 262.5 # = coal fired per hour:-

.

1740 & 6.90# steam per #coal
2562.5

B.T.U. per I.H.P. per minute:=-
H, = 69(%(q,+1r,+C_ (superheat) = 358.54841.2 x 5 x 1.8)
1 7 1" 31 P '

x 1740. = 2,180,000.
Hy = 35,100 (qp @ 50°C = q5 @ 24°C )= 35,100(90 - 43.4) =

1,639,000
Hy = H2 = 541,000
Steam per I,H.P, per minute= 1883 = .314#
60
B.T.U. per I.H.P. per minute = 541,000 =.97.5
60 x 92.46

Quality of the Steam:=

Data:~- # &
Calor. gage = 7.0Y = 7.+ 14.19 = 21.197abs,

231.7°C = 449.06F

" temp.
Boiler pressure = average during Calor. reads =

228 .8% gage = 243.0 Taps,

qb-rrb-;.cp(tsyp - tB) = Qg+ T+ Cp (te = tg)

371.6+829,1+ .5(t - 398,5) & 199.6% 957,44 ,467(218.02)

t = 1.8°F superheat,



=-THE PROPELLIR=-
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6.

PROPELLER:-

In measuring up the propeller a device was used as
shown in plate No.é A strip of wood was fastened onto a blfick
fashioned like a nut which was fitted to the end of the shaft
aft of the propeller after the locking nut had been removed., The
block was placed flush with the end of the hub of the propeller
and measurements were takenmdown perpendicularly from the stick
to the propeller, at the juncture of different radii and radial
lines marked on the blade, as shown in tabke No 1. The radial
lines were numbered from O to 7 but no readings were taken on
the 0 radial jine for the reason that this line came off the
wheel beyond the 15" radius line. Radii were marked on the
wheel from 6" to 21" as shown in table No. 1 xk wxXX h® and on
plate No.J

Referring to table No. 1 it will be seen that readings
were taken on the contour of both edges of the blade at the
different radii;- the column (a) under contour representipg the
distance of the countour out from #l or #7 radial lines, as the
case may be, and column (b) representing distances measured down
perpendicularly from the stick at the contour at the radius in
question. The radial lines were marked as nearly equally apart
on the bladé as possible, but varied somewhat as may be seem from
the following table

From 0-1=5.5° from 1-2=5,25°
" 2-325.75° " 3-425,25°

" 4-535,75° " 5-5ap 5°
" g-725,0°
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PROPELLER(cont.)

Radii of the wheel were measured on radial lines 1,2 and 4 as
may be seen in the last line of table #1.

By taking the differences in perpendicular readings at
different radial lines on a given radius, the pitch between each
radial line on the wheel was determined, knowing the angle moved
through and computing the circumference at that radius. Each
radius was computed for pitch in this manner and a mean pitech for
the radius computed, giving the results shown in the mean pitch
table on the propeller tracing.

Overall pitches were also computed by taking the angle
between outside radial lines on a radius. The blade was found
to curve up a great deal =- moye at some radii than at others --
80 thaﬁ the manner of selecting the radial lines between which
the overall pitch should be calculated varied with défferent
radii, and rested with the discretion of the author. On ac-
count of the above mentioned curling up of the edges of the
blade absurdy results would have been gotten by taking the over-
all pitch from edge to edge.

From the above measurements the projection of the blade
was laid out. The development was drawn with the aid of the com-
pleted projection and from measurements taken of the widths of
the blade at the different radii (see table #2), and faring a
curve through the points found.

For the side elevation of the blade, pitch lines were
drawn at different angles corresponding to the pitch at each
radius, Points were projected over and up from the developed

view of the blade. The generating helix was found to be a



PROPELLER (cont.)

curved line, also the blade was found to have a rake aft and
side ways.

In table #2 the measurements of thickness of blade at
the intersection of the different radii and radial lines, are
shown. It will be seen that the thickness was also taken at
each radius on the contour of the blade anld at the tip. Measure-
ments ®or thickness at the 12 inch radius were omitted but were
computed for the drawing. On the propeller plate are the maxi-
mum thicknesses of the blade normal to the face at each radius.

In the end view: of the blade, widths of blade were laid
off on the various corresponding pitch lines and a curve fared
through those points,- the view being competed by transferring
the sectiinal views of the blade to thgir proper pitch lines
and faring in a curve tangent to the backs of these sections,
giving the curve of the back of the blade.

The volume of the blade was computed by planimetering
the sections and plotting the areas of these sections and plan-
imetering the area of the plotted areas., As this was a four
bladed propeller - multiplying the blade vdlume by four and add-
ing the hub volume the volume of the propaller was obtained, al-
lowing 512# per cubic foot for bronze metal, the blade was
found to weigh 251.0

The boat runs at an average speed of ten knots when in
service and the I.H.P. and revolutions were taken at this speed,

and noted on the drawing.



PROPELLER: -

Resulte:= (from drawing)

Mean pitch = 78.0"
43 3/4%

| ]

Diameter

Projected area 592 square inches

Developed " S 796,8 " "
Weight = 251,.0#
Area Ratio 2 ,394

Piteh Ratio

1.783



PROPELLER DATA-

Diameter of Hub at ends = 6 5/8%

" " “ % centre = 7 3/8"

Tength of Hub fore and aft = 7 1/4®

The radius line used as a base of measuPiment was 3 1/2" aft

of after face of propeller hub.

Computation;:=

Area ratio = _Projected Area = _592.0 5
Disc Area X 43,75 = ,394

Pitch Ratio = Pitch - 78. = 1.783
Diameter 43.75



PROPELLER DATA:-

-Table #l-

.

Radius||[Aftér edge of |, R i e
blade contour )f : : Radlgns ¢ Fore edge of
b))l 1 2 3 4 5 ‘ Blade Contour
6" 3/49 2 1/2%|2 15/16") 4" 4 7/8 5 3/4 6 5/8 v 11/15 8 3/4 10 5/16" L
g" 1 1/8" 1 3/8% 12 1/8 3 5/16 4 7/16 5 7/16 fe 7/16 7 9/15 8 11/15 ' o 3/4 1 1/2
120 |1 1/2n 5/3» 1 5/8 3 -: 4 5/16 5 5/16 s 5/16 | 7 9716 | 8 5/8 5 7/8 3,8
157 1 3/4m | ;/a» 1 3/8 |2 3/4 z4 1/16 |5 3/16 is 1/4 " 9/16 I 9/16
18" |1 5/8% 3/8% ) 5/16 |2 11/1% 151/8 |6 5/16 6 5/16 an
21" 11 7/8" j11/16'*'1 1/4 2 5/8 .\‘4 5 1/8 | - 517/8 o
Radius pf | | \
tip of %n i
blade D1 11/16121 ===l 21 11/16"
Table #2
Thicknesses and Widths of Blade
Radius | After . o
| Bdge . ., ., . Radians TR TFore
A i T . 6 i Bdge | Widths*
o | /ev| 9/ie"| 11716 | 15/16|11/2 1| 11/2 | 15/16] "1 1/16| 1/8" |9 3/4"
9 | 1/8 |56 | 7@ |11/16(11/8 | 11/8 | 10 | 3/4 || 180 | 11
! RS ~1 — SEVES { R £
12 ; % % 11 3/4"
15; 1/8 || 5/8 | 11/16 | 11/16 |11/16 | 11/16 | 7/16 1/8 | 12"
. e . PO -} . e - . e < s e "jl—'*
18 1/8 || 9/16 |5/8 5/8 5/8 1/2 i 11 s/s"
21 | 18 | 3/8 |3/8 3/8 |3/8 | B 5 iyzﬁ“

* Widths pf Propeller blade were measured

in a2 straight line from edge to edge.



- OBSERVED DATA:-

F.



-CBSIIRVED DATA ON BOILER TEST;



BCILER TEST DATA:=-
Feed Water Weights

Barrel #1 Barrk #2 Barrel 1  Barrel #2 Barrel #1 Barrelus

275 300

298.5 278 281
273 301 300

297 280 280
275 299 | 300

296 | 280 280
275 300 302

294 278 280
275 300 300

286 282 280
279 300 300

297 280 279
278 301 302

298 279 280
277 302 300

297 ' 280 280
281 302 301

3C0 280 280
278 300 300

301 280 280
| 280 300 | 301

301 | 280 80

278 300 3006 2880

| 3872.5
297 280  3881.0



BOILER TEST DATA:- (Cont.)

Feed Water Veights,

Barrel #1 Barrel #2 Barrel #1 Barrel #2 Barrel #1 Barrel #2

279 300 4206.0
3636.0
300 279 2880.0
278 301
Totals 3872.5 3881 4206 3636 21481,.5#

2/42Lf#§ total in 12 hrs. 7 minutes

Coal Burnied:-
.30 bagi@® used containing 100# coal each
wt. 1 empty bag = 1.0#
4.0# clinging to bags
30 x 100 = 3000# 30.0# wt. of bags

91 57.0# as a sample
29097 coal burned 91.0#

Form 142 T. C. R. T, Co. Coal Analysis.
Lab. No 959 July 30, 1909

Kind of coal Coal from steamer

Total 1bs. At Exceksior

% combustible of total 92,51 % Volatile of dry coal 17.78

" Moisture " " 2.72 " Fixed Carbon® v 77.08

" Ash " " 4.77 " Sulphur " " 24
Total 100.00 " A sh " " 4. 90

Total 100.00
B.T.U.per lb.Commercial 13,978  Price per ton
" " Dry coal 14,369

w %  Combustible 15,109,
Remarks: Ash Ananlysis 44.90 Combustible
55,10 Ash

100.00



Temp.
50.0°C
41.7
43.8
42.5
48.0
43.3
43.0
40.8
37.0
49. 0
51.7
39.0
46,0
47.0
52.0
52.0
47.2
43.4
45.0
51.0
42.5
52.7

BOILER TEST DATA:(Cont.)

Combustible burned

2909 - 155.5#Ash x .449
2909 - 69,9 = 2839.1#

Temperature of Feed Water at Boiler:-

Readings taken every five minutes.

Temp.
48.5
4042
49.9
54.0
39.6
47.0
47.6
46.5

45.2

49. 0
45.0

50.5
44.5
44 .2
47.9
47.0
49.0
48,2
50.9
43.8
44,0
50.5

Tenmp.
48.0
40,5
46.5
43.0
51.3
44.0
43.4
48.0
49.2
450
51.5
44 .7
58,0
46.5
47.2
47.8
46.0
43.4
43.5
41,0
52.56
51.0

Temp.
46.0
45,0

42.5

58.0
51.5
44,0
48.0
46.9
41.5
“40.6
50.5
51.4
41.5
42 .4
52.6
39.8
48.5
42,5
44,0
48.5
43.0
41.5

Temp
b46.9
47.5
44,0
45.0
47.5
50.3
42.5
48.1
47.8
513
43.9
45.0
47,5
52.0
48.5
48.0
47.2
44 .7
54.5
44.0
52.5
54 .4

Temp}
51.5
45.0
49.0
51.0
42.0
61.0
47.0

_43.0

6660.0 =

Total

Average = 6660 = 46.9°C
142



BOILER TEST DATA: (Cont.)

Temperature of Feed Water at Boiler (cont.)

Temp. Temp. Temp. Temp. Temp. Temp.
46.0 50.3 41.8  48.0  44.0
51.0 £9.0 47.8  438.8  49.0

40.8 46.0 47.g 44.9 47.0
47.9 46.0 49.7  48.0  47.0
42.2 50.0 51.7 45.9 51.0

Boiler Gauge Pressure:=-

Readings teken every 5 minutes from 8:15 A.M. to 2:45 P.NM,

Pressure Pressure Pressure Pressure Pressure
225 * 201 210 182 230
230 188 215 *233 230
238 198 200 225 235
223 214 223 230 220
213 223 192 220 220
217 216 178 230 230
203 203 190 230 230
199 182 218 235 230
209 195 202 205 230
229 203 215 211 230
208 196 209 230 210
225 210 200 236 220
208 225 185 225 240
185 196 181 205 230_

203 170 187 220
*+* Iingine Test was run betweeh the two stars.



BOILER TEST DATA _

Boiler Gauge Pressure:

Pressure
235
224
238
198
196

Pressure

200
175
203
193
180
201
195
187
187

Pressure Pressure

208
196
200
180
225
169
170
180
188

Absolute Boiler Pressure =

238
228
220
225

225

225

225

235
209,33 + 14.19

Pressure

Average= 22090
105

= 216.4 1lbs,
Corrected = 209.3

223,49



-OBSERVED DATA ON ENGINE TEST-



ENGINE TEST DATA:

Boiler Gauge Pressure :

See boiler test data.

stars =9848, Average = 8848 = 197

Corrected = 182.0

Throttling Calorimeter:

Time Temperature
5.25 226.0° ¢

;35 225,

1456 232,

155 234,

6:05 234,

115 232.

125 234,

135 2356,

: 45 233,

155 233,

7:05 233,

:15 230,

Totals 2781,

Averége Temperature= 2781= 231.7°C

12

Averagge GagePressure =

84.0

12

Total between the two

Gage

7.0 lbs,
7.0
7.0
7.0
7.0
7.0
7.0

= 7.0Pbs.



ENGINE TEST DATA:%-
Vacuum in Inches of Mercury.

Reads every 10 minutes from 10:25 A, M. to 2:256 P. M,

Inches ' Inches Inches Inches
22.9 22.6 22 .8 23.1
22.8 23.0 23.6 23.X
22.7 23.0 23.0 _ 23,1
Total -~ 549.6
22,8 22.9 22.3
23.3 23.2 22.9
" R22.7 22.8 22.9
22,9 22.5 22.7

Average Vacuum = 549.6 = 22,9" Corrected = 22,5"
24

Revolutions per minute:=-

Reads every 10 minutes.,

Rev. Rev.
2190 2207
2196 2231
2287 2224
2198 2130
2163 2250
A_verage Reading % 52807
2203 22560 24 =
2293 2208 2200
2122 2098 2200 = 220. = AV.R.P.M,
2125 2214 o
2187 2210
2212 2308

2152 Total 2149



W

ENGINE TEST DATA:=

Coal Burned:-

16 bags @ 100# each = 1600

1600 2.0# clinging to bags
42 12.0# wt. of bags
1558# Burned in 6 hrs. 28.0§ Sample
42.0
10 minutes. 1558 x 4 & 1010# in
6.187
4 hours
Temperature of Feed Water in the Barrels:-
Reads taken every 20 minutes,
Temp. Temp .
24.0%C 24.0
24.0 24.0
24.0 24.0 R
Average temp., = 288 = 24.0°C
24.0 24.0 1
24.0 24.0
24.0 24.0

Total 288,90

Temperature of Condenser Vater.

Reads taken every 20 minutes.

Temp. Temp.
54.0°C 50.0
50.0 50.0
53.0 51.0 - A
Average temp, = 599 - 50.0°C
48.0 49.0 1
50.0 48.0

a7, oQotal 49.0
5990



Feed Wa
Test fr

Barrel #1
297
300
301
301
297
300

300
301
299
300
300
300

Totals 3596

ENGINE TEST DATA:-

ter Discharged:-
om 10:25 - 2:25

Barrel #2
15

3596
3367

6963 = total in
‘ 4 hrs.

\d



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
26

ERGINE TEST DATA:-

Cards taken every 10 minutes.

High

Pounds Pounds Pounds Pounds Pounds

86.0
82.0
69.4
74.5
83.5
8l.1
80.0
81,7
78.0
75.0
74.0
86.2
88.8
79.3
69.3
78.6
82.3
74.0
77,5
77.0
71.0
66.6
73.0

74.0
75.0
62.0
69.5
75.0
72.0
67.1
72.6
68.0
67.0
68.4
76.5
79.5
67.0
64.5
70.9
75.0
66.5
65.7
71.1
67.5
58 .0
63.9

Intermediate

Card No,.,/Head QCrank »/7Head Crank \@523’//\7§;;EB

42.6

- 46.2

41.4
44.3
46.1
44.3
44.5
44.5
42.8
43.6
41.6
47.3
49.0
41.8
42.1
44.3
46.1
40.56
41.5
43.8
40.5
39.8
41.1

54.8
56.5
46.3
52.8
53.4
50.0
50,7
53.5
51.8
51,5
49.8
57.2
58.9
50.3
47.8
52.5
56.4
48,0
49,2

50,4

48,1
46.5
49.5

Low

Pounds_

25.2 28.5
26.2 28,6
23.2 24.8
24.8 27.7
25.6 28.0
25.5 26.7
24.8 26.9
24,7 27 .5
23.8 26.9
25.2 28.6
24.2 27.0
26;4 29.1
27.6 30.9
24 .9 27.7
23.6 26,7
24 .4 27.8
26,0 28.4
23.4 26.3
23.4 26.0
24 .4 27.2
22.7 25.4
22.2 24 .4
22.6 25.5

W



§

ENGINE TEST DATA:-

MJEP Cards taken every 10 minutes.
Intermediate
card o /Hm i e W,
Pounds Pounds Pounds Pounds Pounds Pounds
37 74.3 65.3 41.9 49.9 23.0 26.6
Totals 1863.2 1662.0 1041.3 1235.8 587.8 653.2

Mean BEffective Pressure Average:-

High:-
Head Av. = 1863 <= 77.67 pounds
24
Crank Av. = 1662 <= 69.25 pounds

Intermediate;=

Head Av, 1041.8 = 43.4 pounds

24

Crank Av. = 1235.8 = 51.5 pounds
22358

2

Low:~

Head Av. = 887.8 = 24.4 pounds
24

653.2
24

Crank Av. 27 .2 pounds



ENGINE TEST DATA:-

Condenser Water: Metre Readings taken every ten

in

2274 = 568.5 cu. ft. per hr,
4

Veight of 1 cubic foot of .water

‘at 50°C (122°F) = 6170 pounds.

minutes.

Readings Differences

Cubic Feet
14496
14594 98
14693 99
14792 99
14890 98
14988 98
15088 100
15188 100
15287 - 99
15386 99
15483 a7
15582 99
15682 100
15780 98
15879 99
15978 99
16077 99
16175 98
16275 100
16373 98
16472 99
16580 108
16670 90.
16770 100

Total = 2274 cub

568.5 x 6170 = 35,100 pounds of

condensing water per hour.

ic feet for four hours.



DATA OBSERVED ON THE
SPEED TRIALS.

(N



SPEBD TEST INDICATOR CARDS.

Run #1 North bound (1st Speed)
Intermediate Low
No ///Eigﬁij Head\ / Crank Head
of
Card/Area Leng. A L A L A L A L A L

0.40 2,42 0.60 2.42 1.62 2.40 1,28 2.40 2.22 2.42 2.08 2.42
0.35 2.42 0.60 2.42 1.55 2.40 1,30 2.40 2.25 2.42 2.07 2.42

1
2
3 0.37 2,42 0.55 2.42 1.69 2.40 1.27 2.40 2.19 2.42 2.04 2.42
4 0.37 2.43 0.55 2.43 1.50 2.41 1.29 2.41 2.16 2.41 2,00 2.41
5

0.40 2.37 0.60 2.37 1.72 2.41 1.30 2.41 2.05 2.41 1.92 2.41

Total 1,839 .06 2.90 1206 8.18 R.02 6.44 1202 10,87 12.08 1011 12.08

Aver., .38 2,41 5.8 2.41 186 2404 1.20 2.40% 2.17 246 2.02 2.416

Spring high cyl. = 40.# M.E.P.(H.C.) = AS - 6.3
L

(H.H.) = 9.64
Spring Intermediate Cyl. = 20.0f#

M.E.P.(I.C.) 13.6

(I.H.) = 10.73
Spring Low cyl. = 10# M.E.P.(L.C.) = 2.00

N,®.,p.(L.H.) = 8.38



Run #2

Yo
of
Card
1

2

3

4

5

Total

Aver.

Low
Crank Head Crank Head /?ﬂg;H:/A\—_~—§;;E\
A A L A L

0.78
0.79
0.71
6.73
0.73

South Bound (1lst Speed)

High Intermediate

L A L

2.41 0.89 2.41 2.43 2.41 1.91 2.41
2.42 0.88 2.42 2.39 2.41 1.91 2.41
2.44 0.81 2.44 2.37 2.40 1.90 2.40
2.45 0.89 2.45 2.41 2.40 1.88 2.40
2.41 0,91 2.41 2.37 2.40 1.90 2.40

A
2.48

2.46
2.37
2.42
2.37

L
2.43

2.42
2.43
2.43
2.43

%

A L
2.24 2.43

2.20 2.42
2.22 2.43
2.21 2.43
2.23 2.43

3.74

12,13 4.38 1213 11.97 12.02 9.50 12.02 1

2.10

12.14

11.10 12.14

.748

2.426 .876 2426 2.394 2.404 1.90 2.404

Spring High cyl. = 40.#

M.E.P (H.C.) 12.30

x (H.H.) = 14.44

Spring Inter. Cyl. = 20.#

MsB.P. (I.C.)
(I.H.)

19.9

15.8
Spring Low Cyl., = 10.#
Mo]goP'b (L.C.) : 9.96

(L.H.) 9.15

2.42

2.428

2.22 2.428



Run #3

North Bound (1lst Speed)

High Intermediate Low
4 s
No. /6;;;;\~—_—~ﬁ3535\ /’6;;;;-&\~‘ﬁ;;a\\ //E;Ank H;;E\
gird A L A L A L A L A L A L
1 0.74 2.43 0.86 2.43 2.38 2.41 1.91 2.41 2.36 2.42 2.20 2.42
2 0.73 2.43 0.89 2.43 2,38 2.40 1.89 2.40 2.39 2.43 2.20 2.42
3 0.72 2.42 1,89 2.42 2.42 2.41 1.92 2.41 2.38 B§.42 2.26 2.42
0.73 2.42 0.90 2.42 2.40 2.40 1.92 2.40 2.37 2.42 2.19 2.42
5 0.76 2.42 0.87 2.42 2.45 2.40 1.94 2.40 2.39 2.42 2.16 2.42
To- 3.68 12.12 4.41 12.12 12.03 12.62 9.568 12.02 11.39 12.10 10.88 12.10
ti%ar.?SG 2.424 ,882 2,424 2.406 2.404 1.916 2.404 2.38 2.42 2.176 2.42
Spring High Cyl. -40.#
M.,E.P. (H.C.) = 12.13
(H.H.)-= 14.52
Spring Inter. Cyl. = 20.#
M.E.P. (I.C.) = 20.00
(r.g.) =

Spring Low Cyl. = 10#
M.E.P.(L.C.)
(L.H.Q =

9.84
9.00

15.90



Run #4 - South Bound

Intermediate

Nb (EFZEE'/ME__-\‘H>\ Crank Head

(1st Speed)

Low
~Crank  Head)

Card A A L A L
1 0.64 2.42 0.79 2.42 2.33 2.42 1.85 2.42 2.46 2.42 2.36 2.42
2 0.68 2.43 0.80 2.43 2.37 2.40 1.84 2.40 2.41 2.42 2.27 2.42
3 0.70 2.46 0.82 2.46 2.37 2.41 1.92 2.41 2.42 2.42 2.25 2.42
4 0.68 2,44 0.82 2.44 2.42 2.40 1.92 2.40 2.38 2.43 2.19 2.43
5 PUBR/RURL/D(82/24 2.46 2.41 1,92 2.41 2.37 2.43 2.20 2.43
Tota#lep 3;2; 3.23 9.75 11.95 12.04 9.45 12.04 12.04 12.12 11.27 1%232;
Aver .675 2.44 .807 2.44 2.39 2.408 1.89 2.408 2.408 2.424 2.25 2.424
Spring High Cyl. = 40#
M.B.P.(H.C,) = 11,06
(H.H.) = 13.21
Spring I. Cyl. = 20#
M.E.P. (I.C.) = 10.87
(I.H.9 = 15.73
Spring L.Cyl. = 10#
¥.5.P.{L.C.) = 9.92
(L.H.) = 9.35



(Runs 5 and 6 were thrown out.)

Run #7 North Bound

sz

(2nd Speed)

High Intermadiate Low
ot Gramk  Wead>  ~Gramk  Wead~ - Gramk  Hend
Card )
A L A L A L A L A L A L
1 1.58 2.48 1.82 2.48 2.87 2.40 2.27 2,40 2.72 2.42 2.55 2.42
2 1.56 2.46 1.73 2.46 2.87 2.40 2.26 2.40 2.72 2.42 2.58 2.42
3 1.59 2.46 1.87 2.46 2.97 2.40 2.28 2.40 2.74 2.42 2.50 2.42
4 1.59 2.48 1.88 2.48 2.89 2.42 2.30 2.42 2.78 2.42 2.56 2.42
5 1.60 2.46 1,84 2.46 2.90 2.42 2.26 2.42 2.84 2.42 2.55 2.42
Tot-7.92 12.34 9.14 12.34 14.50 12.04 11.37 12.04 13.8011516 é!?Z'lszB
iizrl.sm 2.468 1828 2.468 2.90 2.408 2.274 2.408 2.76 2.42 ZH6 2.42
Spring H.Cyl. = 40.#
M.E.P.(H.C.) = 25.70
(H.H.) = 29.60
Spring I. Cyl. = 20#
M.E.P. {t.c.) = 24.10
(I.H.) = 18.90
Spring L. Cyl. = 10#
M.E.P. (L.C.) = 11.40
(L.H.) = 10.55



Run #8 South Bound(2nd $peed)

High Intermediate Low

No Crank Head Crank Head Crank. Head

of

Card A L A L A L A L A L A L

1  1.60 2.46 1.91 2.46 2.95 2.41 2.37 2.41 2.83 2.42 2.64 2.42
2 1.51 2.46 1.84 2.46 2.91 2.40 2.29 2.40 2.78 2.42 2.58 2.42
3 1.51 2.46 1.80 2.46 2.93 2.40 2.30 2.40 2.80 2.40 2.52 2.40
4 1.59 2.46 1.91 2.46 2.95 2.41 2.36 2.41 2.73 2,42 2.40 2.42

5 1.55 2.45 2.76 2.45 2.86 2.40 2.32 2.40 2.70 2.42 2.54 2.42

Tot=-7.76 12.29 9.22 12.29 14.60 12.02 11.64 12.02 13.84 1208 12,87 12.08

als —
AverlbS2 2458 184 2.458 2.92 2.404 2.328 2.404 2.768 2416 2574 2.416

Spring H.Cyl. = 40#

M.E.P.(H.C.) = 25.35
(H.H.) = 30.05

Spring I, Cyl. = 204
M.B.P.(I.C.) = 24.25

(I.H.) = 19.35
104

Spring L. Cyl.
M.E.P.(L.C.) = 11.45
(L.H.) = 10.67



Run #9 North Bound (&¥d Speed)

High Intermediate Low
Yo. /“/—'\ T\
of rank Hea Crank Head Crank Head
Cara A L A L A L A L A L A L

1 1.42 2.45 1.69 2.45 2.40 2.40 1.90 2.40 3.24 2.42 3.06 2.42
2 1.42 2.46 1.70 2.46 2.38 2.40 1.90 2.40 3.33 2.42 3.09 2.42
3 1.45 2.46 1.69 2.46 2.38 2.40 1.92 2.40 3.38 2.42 3.08 2.42
4 1.40 2.50 1.69 2.50 2,39 2.40C 1.88 2.40 3.38 2.41 3.09 2.41
5 E.’b g._46 l_£5 2.46 2:ﬁ) B_ﬁo ]_.._9_5 .?.__.io 3£9 2_:1:‘?, 5_._34 2.42

Tot-7.12 12.33 8.42 12.331L95 1200 9.55 .00 16.82 12.09 1545 12.09
als =
Av.,1.424 2.466 1684 2.466 2,39 240 1.91 2.40 &8.264 2.418 3.09 2.418

Spring H. Cyl = 60#
M.E.P. (H.C.Y.= 34.70
(H.H.) = 41.00
Spring I. Cyl. - 30f
M.E.P. (I.8.) = 29.85
(I.H.)

23.90
Spring L. Cyl. = 10#

M.5E.P. (L.C.) = 13.94
12.80

(L.H,)



Run #10 South Bound (3#d Speed)

No

Card
A
1 1.40
2 1.38
3 1.35
4 1.34

5 1.’6

Intermediate

High
Crank Head Crank Head

L A L A L A L
2.46 1.63 2.46 2.30 2.41 1,90 2.41

2.48 1,60 2.48 2.30 2.40 1.94 2.40

2.45 1.59 2.45 2.34 2.40 1.94 2.40
2.45 1.59 2.45 2.43 2.41 1.99 2.41
2.45 1.62 2.45 2.40 2.42 1.95 2.42

3.47 2.42

3.49 2.42
3.45 2.42
3.51 2.42

A
3.13

3.48 2.42 3.17
3.18.

3.17
3.24

//’—#’A__—ﬁ‘*“\

Head

L
2.42

2.42
2.42
2.42
2.42

Tot26.8% 12,29 8.03 12.29 11.77 12.04 9.72 12.0417.4012.1015.89

———

als
Av,1.366

12.10

Spring H. cyl. = 60#
M.E.P {H.,C.) = 33.40
(H,H,) = 392.30

Spring I. eyl. = 30#
M.BE.P, (I.C.) = 29.35
(I.H.) = 24.20
Spting L. cyl. = 10#
M. E. P.(L.C.) = 18.38

(L.H.) 13.14

2.458 1,606 2.458 2.354 2.4081.,944 2.408 3.48 2.42 3.18

2.42



Run

No
of
Card
1

2

3

4

5

#11

North Bound (4th Speed)

High

/Crank Head

A
1.77

1.80
1.80
1.81
1.80

L A L
2.46 2,07 2.46

2.46 2,08 2.46
2.46 2.05 2 .46
2.47 2.07 2.47
2.46 2.10 2.46

Intermediate Xow

Crank Head Crank

A L A L A L
2.75 2.42 2.28 2.42 1.99 2.42

2.76 2.42 2.29 2.42 1.96 2.42
2.78 2.42 2.30 2.42 1.93 2.42
2.80 2.43 2.32 2.43 2.07 2.42
2.82 %;52 2.32 2.42 2.03 2.42

Tot8,98 12.31 1Q.37 12.31

als

——

1

3.91 1211 1,61 12,11 9198 2,10

Av.1.796 2.462[2134 2.462

Spring H. eyl.

Spring I. cyl.

8

Hea

A
1.80

1.79
1.75
1.80

1.80

L
2.42

2.42
2.42
2.42
2.42

8.92 12.10

.782‘2.422 2302 2.422 1L996 2.42 1784

607

M.E.P. (H.C.) = 43.75
(H.H) = 52.00

304

M.E.P. (I.C.) = 24. 50
( I.H.) = 28.60

Spring L.cyl. - 20#

M.E.P. (L.C.) = 16.50

(L.H.) = 14.75

2,42



Run #12 South Bound(4th Speed)
High Intermediate Low
No = T
of €rzank Head Crank Head Crank Head
Card

A L A L A L A L A L A L
1 1.80 248 2.08 2.48 2.7" 2.44 2.33 2.44 1.92 2.42 1.70 242

1.79 2.46 2.03 2.46 2.60 2.42 2.36 2.42 2.00 2.42 1.80 2.42

2

3 1.86 2.45 2.13 2.45 2.80 2.43 2.35 2.43 1.98 2.42 1.75 2.42
4 1.6 2.45 2.12 2.45 2.83 2.43 2.40 2.43 2,05 2.41 1.80 2.41
5

1.856 2.47 2.10 2.47 2.72 2.42 2.39 2.42 2.00 2.42 1.80 2.42

——— e,

Tot- 9.14 12.31 10.46 12,31 13.922 12.14 11.83 1214 9.95 12.09 8;85 12.09
als _

Av., 1828 2.462 2.092 2462 2.784 2.428 2.366 2428 1.99 2,418 1.77 2.418

#

60

Sprimg H. cyl. -
¥.E.P, ( .H.C.) = 44.50
(H.H) = 51.00

Spring I. cyl. = 30#

M.E.P, (I C.) = 34.40
- (I.H.) = 29.30

Spring L. cyl. = 20#
M.,E.P. {L.C.) = 16.50

(L.H.) = 14.70



Run #13 North Bound (5th Speed)
High Intermediate Low
¥o. /Uggﬁif/_————E;;ET /Tﬁéﬁﬁf—”/&‘:;;ii\* rank Head
gzrd A L A L A L A L A L A L
1 1.80 2.48 2.10 2.48 2.13 2.45 1.70 2.45 2.97 2.44 2,859 2.44
2 1.82 2.48 2.07 2.48 2,13 2.45 1.72 2.45 3.06 2.44 2.60 2.44
3 1.80 2.48 2.00 2.,48 2.14 2.42 1.72 2.42 3.05 2.42 2.66 2.42
4 1.86 2.50 2.15 2.50 2.10 2.43 1.72 2.43 3,10 2.,43 2,70 2.43
5 1.85 2.50 2.14 2,50 2.05 2.48 1.75 2.42 3.12 2.45 2,70 2.45
Ptels 9.12 12.44 10.46 12.44 10.55 12,17 8.61 12,17 15.30 12.18 13,25 12.18
kver, 1.824 2.488 2.092 2.488 2.11 2.436 1.722 2.436 3.06 2,438 2,65 2.436
Spring H cyl. = 106#
M. E. P, (H. C.) = 73.40
(H. H.) = 84,00
Spring I. cyl. = 60#
M. E. P, (I. C.) = 52.00
(I. H.) = 42.50
Spring L. ¢cyl. = 20#
M. E. P. (L. C.) = 25.18
(L. H.) = 21.80



Run #14 South Bound (5th Speed)
High Intermediate Low
No. -Crank Hoad Grank Head Grank  Hend
ggrd A L A L A L A L A L A L
1 1.80 2.50 2.01 £2.50 2.15 2.43 1.72 2.43 3,02 2.44 2.70 2.44
2 1.80 2.50 2.06 2.50 2.11 2.42 1.72 2.42 3.16 2.45 2.70 2.45
3 1.80 2.50 2.10 2.50 2.14 2.44 1.78 2.44 3.20 2.44 2.73 2.44
4 1.89 2.48 2.13 2.48 2,16 2.41 1.73 2.41 3.20 2.43 2.79 2.43
5 1.82 2.50 2.09 2.50 2.10 2.45 1.70 2.45 3.13 2.43 2.75 2.43
Totals 9.11 12 4g 10.39 12.48 10.66 12.15 8,65 12,15 15.71 12.19 13.67 12.19
Aver.1.822 2.496 2.078 2.496 2.132 2.43 1.73 2.43 3.142 2.438 2734 2.438
Spring H cyl. = 100#
| M. E. P, (H.C.) = 73.10
(g.H.) = 83.20
Spring I cyl. = 6o¥
M. E. P, (I.C.) = 52.60
(I.H.) = 42.75
Spring L cyl. = 20#
M. E. P, (L.C.) = 25.80

(L. H.) = 22.45



Run #15

No
of

North Bound (Max.(6th) Speed)

High Intermediate Low

//6;;52/ Head Crank Head Crank ﬁéé&\-

Card

1

2
3
4
5

A
1.50

1.42

1.40

1.38
1.38

L A L A L A L A L A L
2.50 1.70 2.50 1.91 2.42 1.58 2.42 2.42 3.73 2.42

2.50 1.60 2,50 1.85 2.42 1.52 2.42 3.66 2.42 3,10 2.42
2.50 1.60 2.50 1.71 2.40 1.40 2.40 3.68 2.43 3.08 2.43
2.49 1.62 2.49 1.84 2.40 1.50 2.40  2.43 3.20 2.43
2.50 1.58 2.50 1.97 2.41 1.89 2.41 3.59 2.43 3.12 2.43

— ——— e —

Totals?7.08 12.49 8.1012.49 9.2812.05 7.6012.05 10.83 12.13 15.63 12.13

Av., 1416 2.498 1.622498 .1.866 2.41 1.52 2.41 3,61 2.426 3126 2.425

Spring H. cyl. = 150#
¥, 5.2 { H.C,) = 85.15
(H.H.) = 97.50

Sptingl. cyl. = 80#

M.E.P. (I.Cy) 61.50

50.50

1

(1.H.)
Spring L. cyl. ==20#

M.,E,P. (L.C.)
(L.H.)

29.78

25.80



Run #16 South Bound (Max.(6th(S peed)
High Intermediate Low
fio. /_,,_\_/\_,——-\ /_’____J\_\ /’__/;_x
of Crank Head Crank Head ' Crank Head
Cards
A L A L A L A L A L A L

1 1.39 2.50 1.61 2.50 1.756 2.40 1.42 2.40 3.20 2.44 2.94 2.44
2 1.36 2.48 1.55 2.48 1.93 2.41 1.56 2.41 3.37 2.44 2.99 2.44
1.45 2.48 1.63 2.48 1.87 2.42 1.58 2.42 3.54 2.44 3.20 2.44
1.54 2.50 1.65 2.50 1.85 2.41 1.56 2.41 3.65 2.44 3.26 2.44

o » N

1.52 2.50 1.62 2.50 1.90 2.41 1.56 2.41 3.73 2.43 3.38 2.43

Tot-7,26 12,46 8.06 12,46 9.30 12.05 7.68 1205 17.49 12.19 B.77 12.19
alg™— — T -
Av‘fi.452 2.492 LBR 2.492 1.86 2.411L536 2.41 3.498 2.4383154 2.438

Spring H. cyls = 150#
M.E.P (.H.C.) = 87.50
(H.H) = 97.00

Spring I. cyl. = 80#

M.E.P.(I.CI)
(1.H.)

61.75

51.00

Springl. cyl. = 20#

M.E.P.(L.C.) = 28.72

(L.H,) 25.92



Average,-~ Mean Effective Pressures.

I.- Low (1st) Spesd=

H,

C.

c.

H,

]

6.3 + 12,30+ 12.13 +11.06

4

0.64 »14.44 +14.52+13.2

1

4

13.6 +19.97 20,00 +19.87

4

1073 +#15.8+ 15,90 » 15.7

3

4

4

8.38+ 9.15 9,007 9.35

4

= 10.50

12,98

14.54

18.34 .



2nd Speed~

H.

C.

H.

25.70 + 25.35 - 51,05
2 2

29.60 +~ 30.05 _ 5965
2 2

24,10 + 24.25 4835
S 2

18.90 + 19.35 _  38.25
2 2

11.40 » 11.45 22.85
2 2

10.55 # 10.67 21.22
2 2

it

i

]

1

25.51

29.83

24,18

19,13

11.43

10.61



3rd Sgead—

Co"

C. =

Ho"

C. =

He =

B4.70 + 33.40 68.10 = 34.05

) )
_ 41.00 # 3930  80.80

_ 2 = == = 40.15

29.85 + 29.35 59.20 _ oo o
2 2

£23.90 + 24.20 48.10 _ o4 05
2 2

13.94 7 14.38 28.32 _ 1, 16
) 2

12.80 # 13.14 25.94 = 15.97
5 | 2



4th Speed -

H.

C.

2

43.75 ~ 44.50 _ 88.25

2 2
52.00 + B1.00 103

2 = 2 =
34,50  34.40 - 689 _

2 2
28.60 * 29.30 ~ 57.9

2 2
186.50 +# 16.50 - 33.0

2 ‘ 2

14.75 # 14.70 29.45

51.5

34.45

28.956

18.50

14.73



5th Speed=-

H.

C.
H.
C.
B,

C.

Il

73,40 + 73.10

2

84.00 + 83.20

2

52.00 £+ 52.60

- 2

42.50 + 42.75

2

25,18 +~ 25.80

2

21.80 7~ 22.45

2

i

i

146.5

167.2

104.6

85.25

50.98

44.25

it

H

]

73.25

83%.60

52.30

42.63

25.49

22,13



6th Speed (Max.)

H.

C.

H.

C.

H.

C.

]

]

n

85.15 +» 87,50 _ 172.65
2 2
97.50 + 97.00 - 194.50
8l.50 - 61.75 _ 123.25
2 2
50,50 + 51.00 - 101.5
2 2
29.78 + 28.72 - 58.50
2 2
25.80 ~ 25,92

]

2

51.72

0

86.33

97.25

61.63

60.75

29.25

25.86



‘Reduction of M. E. P., to Low Pressure Cylinder.

Datat~

Diameters of Cylinders,-

High = 5-1/2 "
Intermediate =9 "

Low = 15"
Stroke = 9 " for all pistons
 All Piston rods = le3/18 " diam,

M. E. P. reduced to L. P. Cyi.‘= summation of all 6 M.E.P. g

x oach area.>(Mean area of low pressure cylinder).



Mean Area of Low Pressure Cylinder

= 11.15° - 11 x 1 3/16° 177.00 - 1.11
B — Z =
)
= 17700
""055

176.46 sq. inches,

Eigh Pressure Cylinder;-
Head end area = 5.5 x 11 = 23.75

i
Crank end area = 23.75 - 1.11 = 23.75
-1.11

~22.64

Intermediate Pressure Cylinder:

Head end area = 92 x 11 = 63.6
4
Crank end area = 63.6 - 1.11 - 63.6
1.11
62,49

Low Pressure Cylinder

Head end area = 11 x 152 = 177.0
4

Crank end area = 177.0 = 1.11 < 177.00
1.11
175.89



Reducing M.E.Ps to low Pressure Cylinder.

lst Speed
- 10.50 x 22.64,f12.95 x 23.75
176.45 176 .45
+ 18.34 x 62.49 7‘_].4.54 X 65.6_*9.68 x 175.89
176.45 176,45 v 176.45
2 8.97 x177 = 1,35
176.45 1.74
- 6.50
5.25
9.65
9.00

Average=33.49 #

2nd Speed
= 25.51 = 22.64f_29.83 x 23.75
176,45 176.45
+ 24,18 x 62.444r19.13 X 63.6‘+11.43 x 175.89
176.45 176.45 176.45
4 20.61 x 177 = 3.28
176.45 44501
8.55
6.90
11.40
10.65
Average=s 44.79 #
3rd Speed
- 34.056 x 22.64 +4°'15 x 23.75
186.45 176.45
+ 29.60 x 62.44 +24.05 x 63.6‘*14.16 X 175.SQ+12.97 x 177
176.45 176.45 176,45 176.45
= 4.37
5,40
10.45
8.66
18.10
13.00

55,98 = 55.98 # = Average



4th Speed

S 44,13 x 22.64 7,_51.5 x 23.75 4 34.45 x 62.49
176.45 176.45 176.45

28.95x63.6 , 16.50x175.89 14.73 x 177

T=176.45 176.45 176.45

5.65
6.93
12151
10.40
16.40
14.80
66.69 #

Average

5th Speed
S 73.25 x 22,6 83,60 x 23.75 , 52.30 x 62.49

176.45 176.45 176.45

+ 42,63 x 63.6 F 25.49 x 175.898 1_22.1§4x 177
176.45 176.45 176.45

- 2.40
11.25
19,00
15,33
25.40
22.20
Averagel02.58



6th Speed:

86.37 3% x 22.64 + 97.25 x 23.75

176.45 176.45
+81.63 x 62499 + 50.75 x 63.6 _ 29.25 x 175.89
1.76.45 176.45 176.45

+ 25.86 x 177

176.45 = 11.06

13.09
22.40
18.30
29.15
25.95

Average = 119.95



I REVOLUTIONS

(1) Low (1st) S peed North Bound = N, B,

1048 Rev, in 8 : 05 ; 4
8 : 05 : 4 = 80966 minutes

RQPQI'JI' = 1048 = 12905
8.0966

(2) 1lst Speed South Bound = S. B.
992 Rev., in 7:33

7:33 « 7,55 min,
R.P.M, = 992 = 131.3
.55
(3) N. B.
1050 Rev, in 8 : 0 : 4
8 : 0 : 4 58,013 min.
R.P.M., = 1050 . 131.0
2.013
(4) s.B.
1000 Rev, in 7:35
7:35 = 7,583 min,
R.P.HE. = 1000 = 132.0
7.583
129.5 131.0 130.4
131.3 132.0 131.5
2)260.8 20263.0 2)261.9
mean = 130.4 . mean = 131,5 130.95
130.95 = R.P.M. of 1st (Low) Speed
II.

(2nd) Speed
7 N. BI

1064 Rev, in 7 : 10 : 1
7 ¢+ 10 : 1 = 7.17 min,



IL

(2nd) Speed (cont.)
'7. N.B.
R.P.M.

1018 Rev. in 6 : 48 : 3
6 : 48 : 3 = 6.81 min,

I

018 - 149.3 = R.P.M.

Sme—tm——

6.81

148.5
149.3
Mean = 21%%%;% 148.9 = R.P.M, of 2nd Speed.
III.
(3rd) Speed
9. N. B.
1082 Rev, ih 6 : 29 : 1

6 : 29 : 1 = 6.487 min,

R.P.M, T 1082
6.487

167.0

10, S.B.
1046 Rev., in 6: 11 : 3
6 : 11 :+ 3 = 6,1935 min,

R.P.M., = 1046 = 169.0
6.1935
167
169
2)236

mean = 168.0 = R.P.M, of 3rd Speed



2)366.2

11 N.B.
1104 Revs. in 6:04
6:04 = 6.066 min.
1104
R.P.M. - 6.066 - 182.0
12 S.B.

1063 Revs. in 5:47
5:47 = 5,784 min.

183.1 = R. P. M. of 4th Speed.



v

5th Speed.

1139 revs, in 5:05:1

5:05:1 = 5.08668 min.

R.P.M., = —1139 = g24.0
5:0866

1109 revs. in 4:858:1

4:58:1 = 4.97 min.

R.P.M, = —— = 223.0

223.5 = R.P.U., of 5th Speed.



VI.

6th(Max,.) Speed

1163 rev. in 4:53:4 = 4,897 min.

R.P.M. = 2185 = 93g,0

4.897

1137 rev. in 4:46

4:46 = 4,767 min.

238.0 = R.P.M. of 6th Speed.



SPEEDS

Measured Course = 5035.3 feet long = .828 knots
1 Xnot = 6080.0 feet
I Speed 1. (Low)
1. N. B.
Time = 8 : 05 : 4 = 8,0966 min,
6080 x 8.0966 = 1,207 x 8.0966 = 9.76 mins.

"8035.3
per Knot.

60 = 5.15 Knots per hour.
9.76

2. S. B.

 Pime 2 7:33 T 7.55 min.

60 x 5035.3 = 49.69 = Knots per hour.= .59
6080 x 7.55 7.55

3. N, B.

Time =8 : 0 : 4 = 8.013 min.

49,69 = 6.20 Knots per hour.
8.013

40 So B.
Time = 7:35 = 7.583 min,
49.69 - 6.55 Knots per hour,

7.583
6.15 6.20 6.37
6459 6.55 6.375
2) 12.74 2)12.75 2)12.745
mean=~ 6.37 m= 6.375 m Of m= 6.3725

Speed on Low 1lst Speed = 6.372¢ Knots per hour.



IT 2nd Sgeed.

7. N.B.
Time = 7:10:1 = 7.17 min.
49,69
= 6.94 K. per H.
AN , P
8. S.B.
Time = 6:48:3 = 6.81 min.
49,69
6.81 = 7.30 K. per H.
6.94
7.30
2)14.24
7.12 .’. Speed on 2nd Speed = 7.12 Knots

per hour.



mean

III

3rd Speed.

Time =

49.69
6.487

Speed

6:29:1 = 6.487 min.

7.66 K. per H.

6:11:3 = 6,1935 min.

8.03 K. per H.

of 3rd Speed = 7.845 Knots
per hoursg



Time = 6:04 = 6:066 min.

49.69 8.19 K. p. H.
6.086

12¢ Sa *
Time = 5:47 = 5.784 min.
49.69 _ o ¢4 K. p. H.
5.784

+ « Speed of 4th Speed = 8.395 knots per hour



5th Speed.

15. N.B.

5.0866 min.

]

Time = 5:05:1

49.89

5.0868 = 9.78 K. p. H.

14. S.B.
Time = 4:58:1 = 4.97 min.
49.69
4:.97 - 10000 Ko P. il e

.'. Speed of 5th Speed = 9.89 Knots per hour.




VI 6th Speed

15. N. B.
Time = 4 : 53 : 4 = 4.897 min,
49,69 = 10.15 Knots per hour,
4,897

16. S. B.
Time = 4:46 = 4,767 nmin.

49,69 = 10.41 Knots per hour.
4,767

10.15
10.41
2)20.56
10.28

Speed of 6th (Max.) Speed @ 10.28 Knots per hour.
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Ordinates = Horse Power

Po= Power To overcome wave -
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FP = Friction and Resistance of

120 Propelier and Thrust dedvuction.
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Plate *6

MEASURING THE BLADE.




Plate *

—— — — —

[}
1 \ Max. thickness « ¥a" 7 v a

NN

_Max. t= " ;//ﬁ/’///’_f’_/f/_f’_’_”_”/_’/_’_’f' 2"

7 /000 00
) T //// %j///////ﬁ//%f%i’/
_Max.t- 1" 77 % Yty

w0

LT CH o 78.0"
OIAMETER _ _ _ _43%"
REM _ _ _ _ __ _ 2R20.0
LHRP  _ _ _ __ __9RA6

PROJECTEQ AREA _ _592.05a ins.
DEVELOBED AREA. _ _J96850ins. _
WEIGHT _ _ _ _ _ 25.% __

FOUR BLADE PROPELLER

FOR -~ 54 x9OK /5" ENGINE.

MASS. INST. OF TECHNOLOGY

Scale - 72 Size

Lole - March/7,/9/0

Fa
I &

Made by - '6‘%' d G. fhedlL,
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