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APPELDIX 1.

: The Denaritment of Fechanical Engineering under the

dirvection of Professor Davis has developed seversl regearch

facilities for wodel tests on hulls and cromeliers. iuLal

hull resistance ‘is measured in a 100 It. ?onqlrﬁccazyu1ar Tank
31 lectrical resistence strain geuges in the Force-detection
gments Skin friction is wmeasureq ine low-velocilty wind
using the akmva1001Ly defect method., This work is
»d towards obtaining betiter vwrototvone predictions from
» models. : :

1:0m0l1@? viprations are being situdied in an oovens
g f. ? :

cizeuit water tunnel using strain gauges fox force measurement
with transistorized dec. preamplifiers on the rotating systenm
{fig.13). The vropeller dvnamometer for i*zs tunnel w&s
- desiconed by the author (i.u1. thesis) and forms the basis For
the fulle-scale tests rencrted in this paver. Fuxthey

developments in propeller dynamometry for fullescele shins
18 1N “rOgress.

APPENDIX IX.

The }easurement of Propeller Blade-Loading by | 3xlsna£t Stregges.

The ability to measure fluid forces acting on the
@”onelgoA blsde surfaces denends on the’ iol}cwan aroument,
Any static force @cainq on a masse-elsstie  system will load all
the elewents 0& the elastic system eocunally. For exemnle, the
congtent thrust and toroue lneds on the ovroveller blades will
cauge constant axial and torsional stvesses in the tailshaft.
If the forces are now Vﬁflob&ﬁ with tiwe, such as the
vibra?a’y forces in these tests, the strees seg in the elastic
‘system will be modifiec by the inertia forces of the masses
in the system, Dewending on the frecuency of the foree
fluctuations so will their magnitude Ve Ly in strength and
vhase., One relestionshin emovressing these veriations is:

e (1)
Ez - wluﬁ {2 x x’ﬁﬂﬁ"
Wi T

Where P is the forge transmittied throughout the elastic systenm,
P_ and i the nagnitude and frecuency of the fluid fozrces

annlied to the oroveller blade gurfaces,

4 is the natural ?xeauegc of the system,

@ and ¢4 the actual and ’ @rahlcal" denring for the systen.

i x o
peh

Q?c’} 55 E:

o ow Po[lr2xg =

2

A simple firwt order mode of vibraiion with the bulls
gear és an infinite mass is assumed in both the tor sionel andg
axial directions., In an actual ghio the flexibility of the _
attachmant of the thrLQIﬂbLObk ta the hull in combinagtion with'
the total mass of +the proveller/shaft eystem, introduces

another gritical sveed at & frecueney which is much lower than
the axial ¢ indlcsted by the fﬁrﬁﬁ@ing argunent. In the case
of the ¢hip ub@d 1n these exverimenis it occourrxed at about 111
FaOLle OF 444 CuD. {Qnemevng snead zange 80 to 118 r.vo.m.j

which e uld exolain wuy the peak-te-peak anwliifudes increose




Tom

fagtery ithan the gverage maal
i3 aJQ¢OdCth Fo:thatej"

which neans that the assum
gorract.

- ts A g
}af i3 *‘kg*’gj"f‘j.,q &‘5 85 l'(’};'r 3

n thy
the relationshin rac < therefore as
the thrust vlbraﬁlon J“cord ; “v,Y'le axial ¢
of the blade-surface forces. This is 3@@& ‘o be a reasonable
assumntion if the reletionship given by den Hariog {ref. 2}
fi axjal L 1.6 Propeller Diam
f28 torsional Shart LDiam.
s ansalied tc the krown torsiocnal natural frescuency of 200
T wilig :(311 the shiv. That is:
a3 } 3 - QL? 5 6 Fi e PSP
& azial ZE1.6 x 205 x g ks 4,400 .0, R.
e W

Sinee blade freouencies were always less then 430 cepat. guite
' datail no e thel i 3

acourate r fourth goulid be expecisc
from measurements of the teilshaft
1+ has been shown {ref., bl thalt any vibratory force
'y s 1 j I3 - P
nresent in the axial direction will have & corresnonding Ifoyee
in the torsional direction by virtue of the division of the
y [

bladeegurface forees into components of forgue and thrwst. The
ratio of their magnitudes will be updraxixatmiv the game as
P

the
retio of the mean torque and thrust, "u;jwﬁg however to the rad
digstribution of the wake ayeoudllti"g {see figs. 1, 2 and 11).

hall 4

: On this premise it micht be expected that the
reuc*dinqr of shaff torsional stresses would show a sirilaxi
in waveform to the amial stresses referrec to zbove. Ynis i
not =o ae is shown in the repzoouction of & sirultanecus
reco- ding of torsional and axial stresses (fig. 10}. 'he wuch
smoother waveform o¢f the forsional sir ss:s may be ewpiainad
as follows. In ecustisn (1) it is shown that, if “%9 is only
half of the blade frecuency of 400 c.,m.m., the megnitude of
the I@vultht ghaft stresses will be reduced by mwnxcxxmotely
a 3:1 ratio. For the second harmonie the recuction is wigoh
greater, and so on. 4hus, in hiz case the higher harmonic

content in the torsional stress waveform will bhe much smallier
than in the blade=surfacs 1ozce waveform, which is sHCwWn
ansnroxirately by the sxial stresses. Desnite the obvinus’
differences %h@a@ two waveforms contain essentially the mene
information in reQafu to blads-suxfe rees, but in a lnsg

¥
tractable form in the torsisnal case The phagseesghd it of 180°
£

weden
[

ocours as ithe frecuency besing 6078&001@ passes through resonance.

Connare Alq» 10 with Lh@ corresvonding yecords foy a Se-bladed
proneller ati ached to the Adelaide University’s Waterx Tunnel
Dynaxometer (fig,1l)l. In this case the existence of almost
identical blade-gurface forces in the torgue and thrusi
directions is clearly shewn. In this dynanometexr the system
naturalefrecunencies are well above blade frecuency hence the
actual blade-surface forces are recordec almost without change.
The small differences in the torgue anc thrust wuvaiorrs which
may be seen are due lavgely to the residual respons g of the
recording system tc these dynamomeler natural freauenu?es,

. A comcerison of figs. 5 and 6 will show the way in
which the torsional peaketo-nesk amvlitudes incresse as
resonance between blade frequency fundamental and iforsional
natural-frecuency iz aovnroache way in which
atiennation of the torsional ceads with increasing
ffeots are best -@zzin@ to the lines

TePafMe Lhese ef

indicating percentages of the a? a2 of mean toroue
and thrmet for the oeyiicularw T . .
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APP ik
Sienensg’ Torsionmeter $,ﬁiPy_ the Vibration
Strailnegauge Meiexr }{P 2OINTE.

To assese the accuracy of mean “a}ue“ of torgue
obteined during the wibration tests the twe indewendently
derived values for shafi-horsesowey were compared:

Tiiig KaPaboa S H.P Sabala % Bifference

al? s
uges ) (Sienens)
an. 83 1085 .Lo& 0
T 60,1 1080 1109 b
79.7 2400 240 &%
[ACIRY 47 80 4.G00 @2
88,5 4850 4970 %
110 6360 5650 =l
110 5460 700 =4
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FIG. 2
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VARIATIONS OF IN-FLOW VELOCITY EXPERIENCED BY THE PROPELLER-
BLADE ELEMENTS AT DIFFERENT RADII.




E150 Thrust per Blade

FiG. 3

350+ »
one revolution

300 |- N

Total Propeller Thrust

] | -
0 g0° 180° 270° 360°

degrees of rotation

THEORETICAL THRUST  FLUCTUATIONS FOR A  FOUR-BLADED
PROPELLER. [based on ref. 2 ]
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FIG. 8

INFLUENCE OF PROPELLER RPM ON
VIBRATION WAVE-FORM

AT NORMAL J7 vaLugs AND “MEASURED MILE ~ CONDITIONS
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FIG. 9

1 1 1 i i
o1 SEC. - = [
BLADE  FREQUENCY

i i : f | 4

~

"‘& BULKMEAD ACCELEROMETER TRANSIENTS

~ PROPELLER THRUST FLUCTUATIONS

(@ PROPELLER  REVOLUTION

PROPELLER-EXCITED HULL VIBRATIONS

AS SHOWN DY THE AFTER-PEAK BULKHEAD ACCELEROMETER
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