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A Study on the Repeatability of Cavitation Tunnel Tests
By J lidetake Tjnibayashi*, j'ili'rnber

Noritanc Chiba*, ).Ïimlcr
J

Sumniarv
11 ii! r understand ili level f the accuracy and the repeatability of cavitation tunnel trts, a propeller

was tested repeatedly in cavitation tunnel and in oncn-watcr. The test results were anal ted in terms
the variation -f thrust und turque ut each set uf advance constant and cas itutiun number. From the teat

results md the analysis, it can be concluded that

the vari.iti''n of cavitation test results is, itt non-cavitating condition, ahut the same as the variation of
open-water test results, while n cavitaung condition the v.iriar-in of cavitation test results is about thre
times as large as the variadon of open-water test results,

i2) effect of air content on cas itation test results is nit so clear for the range tested (oro I 5-40),
there is u nearly linear relationship hetsseen the variation nf ihm Ost and torque, thus ii is con',idered that
the variation if thrust and torque is rousti" due to the ariatiln uf the lift on the blade.

i Introduction
Among many propellers tested in the cavitation tunnel of the Mitsubishi Exrcrimental Tank-, stint showed

fairly different characteristics shen the tests were repeated. Thu variation 1 test results ought he tr tight
al-cut by many eati',es, such as air content in water, ti-otperature, error in the mciiiri-n1en of thrust, t'i que
and seater speed, etc.

In order to understand the level of the accuracy and the rcli:ibilitv f cavitation tunnel tcss. ci model
propeller was tested repeatedly both in cavitation tunnel md in open-water through a year. Tite test results
were analyzed in ternis of the variation of thrust and torque at cadi sat of ads:incc constant and cavitation

imber. It was found that there is a nearly linear correlation between the varimitton of thrust and torque.
Attempts were made- to flnd the possible reasons ofr/PI00Ö

- the variation if thrust and torque, taking into account
Q75 __ - - - the error tri the measurement and other sources ofC/R 05000

variation.
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Fig. I Propeller P. 1324

2 Test Procedure
'Fhc propeller model used in this series of tests is the ITTC standard propeller (Fig.l). 'l'bis was used

i r the ITTC comparative tests, whose results were reported at the 10th ITTC (London) in l%3, 'l'he parti-
ulíirs of the propeller tre civen in Table 1.

The tests vere repeated 27 times in the cavita'tinn tunnel and 12 times in tite towing tank. The dates

* Experimental Tank, Nagasaki Technical Institute, Mitsubishi Heavy Industries, Ltd.
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-ic 2 Dates ana Test Cond iors
cf the nepeatcd Tet

(a) Cavi tatoc Tcts

and tite test condition of tite tests arc shown in Table 2.

The cavitation tunnel is N-18 type of Kempf & Rcmmers with the measuring section of SüOttim < SOOntn.

The %varer speed was meaurcd with a Vcnuri meter and the static pressure was measured -it the upstrcan
end of the measuring section. In several cases of the series of the tests, the water speed \vas tucisured, toge-
titer with the Venturi meter. with a "midway'' pitut tube (mounted at the midw,t between the propeller np
md th tunnel vali, ci. Iig.2) or i pitot tube on the side 's all just beside the propeller (Fmg3 I. to ase whether

thi' niethtmd mtf speed Ineasurettlent ailects the variat in of the test ret-tilts. Propeller reviluriun was ms'asurd
with tin electronic culotter. .\ir content iii tite tutiii w titer was nmias,tred with a \-aut ke' .ipptirtitus. In
generai, air cotitemit ratio c/as was tidjutOed around 20,,. Itt the l_mat Il tct numbers tite air ctltltctit ratio
was varied ,itethodiealiy frutti 17 to 3S'' to see the etleet of air content nit the cavitation test results. Soute
phuttmgrimtl s of cavitation were taken ti) rccm rd th eavitat i 'ti pattent Ort tile lii.ides.

'l'li e i to t it mt n tes ta 'a ere carried lint at e - ft( 0.',, 0. titid att not p (cric e nj ir i ti w ti h the pr 'pelk-r
revuluti n 1 40, 35, 30 and 28 r.p.s. respectit clv. 'l'lie w titer speed was changed to vary the advance ratio
1mm J 0.5 to 1.0 w tu tite interval of (1.1. 'l'tibie 3 shows "slit e pressure _vapmstlr pressure arid the 'stster
specs1 meat-u red wi t h tite Ven t tiri i u er fo r each sr r )f t tid j

ro.
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20 1,0-t. i' t5 20 Variation of

25 i.' . 135 21.1_01.3 29.0 Air Content (2)
26 6, t. i fs 2l. 36.9
27 7,0t. i'5 0fl. 38.3 j
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3. Test Results
Cavitation Tests

n the towing tank, the advance spr't'd was
easured with a eutrt-nt meter, Propeller revolution
as measured with tin electronic counter. Advance
instOnt J w ,ts at t'il, liS iii tile itt tt,ttlÙt timid, by

ttuuihe'r 1c(k) lvscd on the resultant itìllow velocity
at 0.7 R w,,s (5.5-7,3) . 10 depending upon the
it tier tenipermttttre. Propeller irntiwrstott w as kept
Constant. It was ttbottt the ame as the propeller
diameter i.e. T i) 1.
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I'hc nii-asitrt.-d thrti,t tod torque ivere corrected for the 'idles' aitel tvere reducid to the non-d,niension.,l
ierits K-r t,d K. 'l'hc o muer speed measured by the Venturi meter o as nt i'orrcctcd tor tiic tuttnel
lect. IlL's. 4 atitl s) 10W thi ItlmmflLui!C of MT and K plotted to the hase of ist number.
t t turntet ial expre'msic'n uf repeatability, iIi,,' statio,trd devt,tttuns j were calculated for etch set of 'i

md 1, viz.,

,i KT,Q (ltijurcd) -KT,Q (mean)

N

gO the scattering of the test results are presented wdh the hands of the standard devtations along the
t en lines. In Ftg.7 the standard deviations are plotted to the base of advance coefficient J with cavitation
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5 Plot .f Kr arid K0 to the Base of Test Number (J=O.9)
number as parameter. They incr :ise gradually sith J under atmospheric pressure, while in C itatmn mti-ditiuns they show rapid increase in higher J range and reach their maxima around J = 1I.. The m,ximum
st:tndurd de\ anon in cavitating conditions is about three tirites as large as cinder atmospheri: rressre. The
rclationt between OIKT.Q) and KTO (mean) are presented in Table 4.
3.2 Open-water Tests

Jo open-water tests, the measurement of thrust and torque was carried out at J w hei' .ì. a little different
t ri-no the prescribed value, because the tutte for ad usting the water speed and propo'lL-r r i '.utirmn is tuu hshorter tI-ian iii coi itatton tuoni L Therefore the sttind.mrd deviations onnot he c-,,lculateu dr ctiv fi-ont the
measured N and K0, as o', as dilue in tue case iii Cavitation tests. Ijieti ail the measured thrust and torillow cre ¡dotted to the base (it J in terms of N r and R1, and their nican lines oyere drawn. J or cch croup t jthe dcv:otions NT and NQ were read from their mean hues as shown in FigS, and the standard ilcvitmtm'ns
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Table 4 Relative Variations ï(I T)/KT and u(1<0)'K0 .

J
Eig. S I)eviation nf I (pen-water l'est Results

were calculated by eqs. (1) and (2). They arc' plotted also in Fig.7. lfl which it can hc seen that thc standard

deviations are aintost constant for J, and are about the sa me as those n cavitation tunnel under atmospheric
pre ssure.

Table 5 Correlation Coefficient Y between
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4. Discussion on the Test Tesults

4.1 Correlation betweeen .KT and .rK0
A close examination of the test results suggests that there might be a correlation between the variations

of K1- and K0; when Kr is larger than the mean Kr, K0 is in general larger than the mean N ,. Frosts the

cross-plotting of z. KT and zN0 as shown in Fig. 9, it is found that there is a nearly linear relationship
hetw-cn ..K-1 and K0. The correlation coefficient g calculated by the equation below are 0.7-0.9 as
shown in Tal-le. 5.

.C,es.I'),
T (K)n(K0) (3)

Referring to the velocity diagram for a blade element (Fig.l0)

and separating tIse thrust and torque into
the lift and drag clement of the blade,

T $ (df. COS î, - dD sin î) (4)

Q f r(dI. sin î, + dD ces ,i,) (5) i'ig. 10 Velocity Diagram for a Iliade Element

we maY say that the variations having the correlation bctween KT and KQ are caused mainly by the change

in lift uf the blade section.
It is to he noted that the slope of the mean sise through the cross-plotting of KT and K0 are nearly

equal Lis the slope of the NT-K0 s.iirve for each in, ViZ

,/KT (6)dE0
'Ï'he relais sisdois between E and K0 described above holds alsis br the results of open-water tests.

lii n-ion oit the source of the 's .iri.itic'n of the open-n atcr test results is gi sen in Appendix.

4.2 Effect of Air Content in \Vater
lt has hes-u jsnssdered that the air content in 'seater is OflC (if the parameters having significant effects on

ctivitjtis n test results. In the present study, il-er& fore.

attempts 'svere nade to see the etlect nf stir content -
Isv tirs sig it svsteiis,sticssllv. 'l'h vitiation 's'sss tried . e°
t'sVicv as shun n in 'l'ille 2 asid Fs 4-3. In the first 002

series of the variatsi.tn (Test N0. 17-21) the isieasured - QnO6

KT and bI0 dee reused w ith tir content ratio. The 001 *. . %. b i s

r-ndenev was most clear around J 0.9 and e = 0.6-

0.8, where the standard deviation of Kr arid K0 15 20 25 30 35 40

reach tite niaxiina. In the second serles (Test No. AIR CONTENT RATIO %

22-27), howe's er, K-1 and K0 svcrc almost constant

with respect to air untent ratio. Fig. 11 shows the
- - . 0.15 ---- ----- Kr

plsstting of NT and K1 at J -0.9 to the base of air
content ratio o/. Therè can be seen, in some ¡--..."t _I
range, a tendency tIssit K-1 and K0 decrease slightly 010 ' -

Ot-OB
with air content ratio, but as a 'si hole ive can not

derive a general conclusion about the effect of air 005- -. - -
content ratio (in the variation s f K and K5. lt 0C4s . t
hs su Id he i utenti oued that t he variai ion nf a ir ci intent

IS 20 25 30 35 40
was limited to i rathe r narrow range (ss/it5. I 7-38l,),

- .. . . . . . AIR CONTENT RATIO %since w tb the surcase nl air content ratio it occurs
more often that similI air hubbies come into the Fig. 1.1 Etleet 55f Air Content (J= 0.91
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pressure taps arid the tubes connected to the nuinonleters thin itulpauriug the a eu racy uf ihr speed un'usure-

jitent.
('umpari>on ut the cat'itatiuun pal terna suLí.'estS, how ever, that air content may alicet the type ut cavi ttiurt.

As shuit n in Fii. 12 tor example, it can he seen that the amount of bubble cavitation increases with air Content

rat in in'sVa ter.

i.. 12 Effect uf Aïr Content on Cavitation i'utern at J = 0. 9 and e 0. 6

4.3 Effect of Water Temperature
Propeller characteristics are uffected by water tcmperatLire, mainly through the variation of the drag coeffi-

cient of blades with 1evnolds number. In tite case ut cavitation tests, however, th plotting of K1' and KQ

to the base of water temperature did nut shost a systematic change; the Revnold'. nunriber us considered to be

large enough so that the varuatiun f dran vu ill h (jifltc lotie.

4.4 Effect of the Methods of the Speed Measurement
The water speed uivasured wit h a nuiclsniv pi t

t ube r n pitit tuh on the wall showed ti slight t_Vi n 0.6

variation in each test, u horcas the w item spied

isured by the Venturi meter w is kept constant

uughout the repeated tests. The relation between o A t
o

J (variation of J due to the variation of water - atas

speed measured by a pitot rube) nid KT are shown

in Fig.13. In this figure there can be seen no
detinite relationship between ¿-KT and J. In other

words, the variation of K-r and KQ is little atleeted by -ta0 O.0Ot

the method uf speed sneitsorement. Fig. 13 Variation of Method of Specd Measurement

4.5 Sources of Variation of Cavitation Test Results
ftc have learned in the previous sections that there exists a correlation between the variation of thrust

ont torque, and the variations will be a'sc'-ibuid mostly to the variation of the ]if ut' the blades. Effect of air

content is not so clear as expected and efft t of eater temperature c-an he negtected. In the following, attempts

are made to find the possible reasons of the variation of thrust end torque, takung into account the error in the

measurements and other sources of variation whether or not inf1in.uacin the lift of the blades.

(1) Error in the reading of the dynamometer

The scales of the dvnamnineter of pendulum Table 6 Variations uo to the Error
type fer measuring thrust tinti torque are graduated in the reacurernent of Three t and Torque

u ith the interval of 1.0 kg for thrust and 0.01 kg-rn

for torque. As the oscillation of pendulum during

the measurement was considerably small through

the whole range of the tests, the error in the
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reading of the dvnaniometcr may amount to 0.2 kg in thrust and U.005 kg-m in toque. The corresponding

K and L. N are calculated by

L_Kr =O.2/in2D4

L_Kg -0.005/pn2L)5

Substitution of propeller revolution for each test condition yields the variations us shown in J'able 6.
(2) Error in the reading of manometer

For each test point the water speed and the static pressure in tunnel vere adjusted to the prescribed values.

\s they were measured by mercury-water manometers, the error in the reading of the nianometi rs results in
the variation of the measured thrust and torque. The reading of the manometers is affected also Lv tiuetUStjofl

of the mercury tubes.

'l'he reading of the manometer connected to the Venturi Static holes on the tunnel nias he as accurate

LS 0.2mm in lower speed range and about 0.5mm in higher speed range. The resulting ern;r due to thus
measured w Lter speed is estimated by

- OKTL_j5..1- ¿si

¿.FZ0 (1I'LLJ

\sILere ¿sJ L_v nl)

rical evaluation of Kr and N leads to the results as shown in Table 7.
The reading of th manometer fir he static pressure in the tunnel isa little less accurate than that of

Venturi-meter. The variation of thrust and torque resulting from the error in the reading can e estimated
through the vanLitiun of cavitation number and is given by

K1K,
00 n

N,

y hure -
l2.95.0Fi,

Esta nitinu thi acctrac of the resiling C li tu he I nuit, ne obitin the L_NT and ¿sN as shown in Table 8.

'lubIe 7 \ariuit:ons due to the Error in the
\ !euisurement of \Vatcr Speed

Table \'iriutiois due to the Error ici the
i\Ieasuremc'iit of Stge Pressure

Error in the number of rcolution of propeller
The number of revolution of propeller seas adjusted and kept constant for each test eondition by means

of ais electronic control system. The revolution was measured up to two decimals in r.p.s. by an (Icetrunic
counter connected to the propeller shaft. The difference of the propeller revolution from the prescribed value

is less then 0.02 r.p.s. so that its ef1et un the measured thrust and torque can be neglected u mpared with
ghcr sources of varitition,

other sources of variation

In atmospheric condition, ihc sum uf the aforementioned variations due to the measuretneiLt error is a
little niere than a half of iLe standard cleo luttions obtained throuch the repeated tests. Considcriii the varia-

fluo of the Csuttur Speed measured 1w a pitot tube as mentioned in 4.4, it 105V be th.it the variation huts resulted

4 - 4 -l':L

e.: .a
0.5 1. L.; j. s..: L :. y. 0.. -.. 7.7 7. 1. 2

0.6 1. 4.2 :'.:L2 2.4 6.6 5.t 7.0 7.6

0.7 1. 2L 1.. 5.2 3.4 2.1 3.6 7.2 0.7 L '/.0 7.0 10.0 la. 11.1

0.5 1. 1.7 1. 5.7 2.7 2.7 ±.6 7.2 0. .0 6.1 L7 10.2
3.9 5.0 1.2 4.1 5.7 7.1: 7.2 77 0.9 7.LL 7.7 r.» 17.-. 11.e 11.2
1.0 - ¡'.11.11. - 7.77.e.1 1.0 - 7.O.0 -1:.21t.0



h 001 the variation if the uniforntttv of
the velocity di'itrihiii in in the measuring
section.. \ssuititng that the fluctuation of the
vcloe:tv d s irihutiin t-an he expressed as -

0,0(12 s', uh reftie itee tu Fut. 13, sve obtain the
Lurrespondln 2 vOriution (If 1<- in d N is

in l'iN e 9. r tmoj heri e Clii J ti on, cpeci al I y
in lower j ralee, addition nl these values ti)
the V siijtii,flS dite to measurcnw-nt errors leads
t)) about 'lie stitle as those obtained through
die repeated tests, in higher J range, there

(.t

7

1.0

'I'ahlc \uiriuitIons clue ti' lie 1lucttrtion
ut \elociiy )-itrihiii oit

i: :1 ¡

i:.:
i la

remains a little difference between the variations thus00008t

estimated and those obtained by the repeated tct5.
ooc'o (Fig. 14).

in cavitatirig condition, however, the estimated0000 ,.

variations are far less than the variations of the test//5
results. in 'wirticular, the large peak n' the00002 - nO6(ESiMTo)

variations
around J 0.9 ttot he xploinc'd by the

0 summatIon nf each me:Isureincnt error. Reniem-
bering the e. 'arelittion between K-1- and aR0,

00050 _-.. there w ill bc still other fiI( lors influencing dic
operati o f the cavitutung blades, which lead to the00040 55f

',arlaIlo)i of tIle litt on the hIadi.
4.6 Unstable Cavitation of Ehe Blades

/5 In the runije is here tile variation of NT md K0
00020 are large, the hladus ('f tla: pripeller opTate with

OES11MATtOI bubble cavituitin on the after hilf of the hack md00010
with sheet eavit,)tjon on the fiee at the sanie time.
It is expected th it the characteristics nf the propeller

05 06 o cg o are most unstable in such condition.
J V/flD

The operating condition of the propeller bladeFig. 14 Comparison of Estimated Standard will he calculated apprnximlrclt by the aid of theDeviation and those ohtained by Experiments
Vortex theory of propeller. Assuming the circulation

distribution to he optimum, sve obtain the hvdrody-namic pitch ancle and angle of incidence including the effect of downwish for a goen set of J arid MT. At
J =0.0, the angle of incidence is about zero (-±30') and the cavitation number e based on the resulting
inflow velocity at 0.7R is 0.11 at ,i,, =0.6 and 0.14 uit e,, = 0.8

May he cavitation on the blades at such small angle of incidence and i t the cavitation number e0.7=O.11
0.14 is more unstable than in the other conditions.

5. Conclusion
The results and thc analysis of the repeated cavitation tests muy he summarized as follows.
Under atmospheric pressure in the cavitation tunnel, the standard deviations of MT sud K0 are usually0.4l.5' of KT and K0. These deviations are about the some as those in the open-water test results.
In cuivifating condition, uit J = 0.5-0.6, the deviation is a little larger than under atmospheric pressure, hutit shows rapid increase near J =0.9 and amounts to of NT and Ng.
There is a nearly linear correlation between LKT and The variation will therefore he ascribed
mostly to the variation of the lift of the blades.

A 'tiitiv i,n the Repeatability of Cavitation 'I'tiiinel Tests l7
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The estimated variation of KT and KQ, considering the error in the rncasurcnicnt and the non-uniformity
of the \vater speed in the tunnel, is in fairly good agreement with the test results under atmospheric pres-
ur. But in cavitating condition, the estimated variation is much smaller than the eperiiiicnt. The
difference may be ascribed to the instability of the cavitation.

The variation of test results is large v hen the blades operate with a small angle ol incidence and w ith
cavitation number ,.7=0.lO.l5 (based on the resultant velocity at 07h). In such condition,
cavitation on the blades is considered to be unstable.
Air content ratio in vater does not seem to affect Kr and K0 for the range tested. But the cavitation
pattern may be influenced by air content; it was observed that bubble cavitation increased with air
ci intent.

Appendix Variation of Open-water Test Results
The standard deviations f the open-water test results are as lollows.

a(N1)= 0.0db)

0.fl0015

The accuracy of thrust and torque measurement is about 0.02kg in thrust and 0.0008 kg-m in torque. The
resultintt variations f NT md K0 are

NT 0.0003

- 0.q0005

Considerin the cirrelation between NT and K0. the diffctcnce bet',scen the water velocity as measured
Lv the current toter and the julio's vel ally t', the propeller will be a source ut the deviations. If we ascribe
the est ,f the deviations to those of the inflow velocity, the corresponding deviation of the velocity is

iduS
'T Ids variation mmiv he explained by a complex behaviour of the residual current io the towing tank after

the ron of to\VititZ carriage, as has been oli-crvcd it resistance tests.


