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CONFID E NT IA L B067-47 022

I i. ~N~r t)UCTION

The 7resent  report  r ep re sen t s  the ~‘:end stage of the

I f i r s t - cu t  anal ys i s  of acoust ic  data from the PURV .IS Ii sea tes ts ,
containing some re fe rence  also to PURV I S I data . The report is

I pres”nted as an up da t ing  of the f i r s t - s t a g e  report  (Ref .  4)
w i t h  regard to those aspec ts  which  in the inter im have been

I subs t an t i a l ly i l l u m i n a t e d  or m o d i f i e d  by f u r t h e r  data processing
or an alysis. An integrated report dealing comprehensively with

both PURVIS I and ii first-cut data is scheduled for the end

of June . The present report contains also a summary of recom-

mendations for PURVIS II second-cut data processing .

2. NOISE ON FLUSH ELEMENTS; ITS SOURCES AND SCALINC IN

DISTINCT DOMAINS

It is a prime objective in the PURVIS analysis to

identify reliably the prin ci pal sour ces and depend ences of
P noise on flush elements with reference, in par ticular, to fre-

quency, speed , aft and circumferential position , and transducer

I size . Such understanding is especially desired with respect

to the large 5”-D elements of PURVIS II; we pursue this analysis
further here with regard to those 5” elements presumably least

affected by bub ble or surface  noise , notabl y the HF and LF
elements , with emphasis on the higher ship speeds.

Since it is indicated that TBL noise is the dominant

I component for even the 5” el.ements at the higher speeds in at

least a cons iderab le  range of f requency ,  we again view r e su l t s

f by re fe rence  to a p lot nondimcnsional ized in some roug hl y appro-
pr iat ( way based on TBL-re iaLed pa ramete r s .  Poss ib le  scaling law s
for  TI3 L pressure spectra are summarized in the Appendix; depending

I on the d omain of f requency and other variab les , one or ano the r  of
these is expected to have app rox ima te  v a l i d i t y .. To each scaling
law , provided i t  CxpI ( sses the s p e c t r um  in terni s of a f u n ct i o n  of
a sing le d imens ionless  f requency  var iab le  ,cc) r L’espO flClS a pa r t i cu l a r

f type  of d imens ion l e s s  p lot .

~T
I I 
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I
~e start here with presentution of noise data in

term: e the d~ m~nsion1css  p lot u~cd ‘ecen~. lv ry ~‘ov wt~ll  (Re ’~. 3);
for present convenien ’e~ however , we modify the dimensionless
spectrum from P(w/2ir)/p R0v~U~~ to P(w/2n)/p

2
R0U

3 (see Appendix ,
Eq. (AlO) ) without concern for the weak Reynolds-number dependence

of v
~ /U~ . Thus we pl ot l0l og-~i 0 vs. l0 log~0, where

(2-1) = P(m/2ir)p
2R0U

3, ~20 = wR~/U~ ,

and P ( w/ 2 : r )  is the noise-pressure spectrum measured by the elemen t

in ques tion. Thoug h we may well expect departures of the TBL

pressure spec tram f r om the scaling law correspond ing to coa lescence
on this type of plo t , this type does seem most convenient and

leas t mi sleading for basic pr esenta tion of resul ts , and worth
fur ther  eva luat i on .

Figure 2-1 shows such a plot for noise spectra measured

by HF-7 and LF-l at 10, 20 , and 30 k t. For fixed elemen t siz e
and fixed distance aft , the degree coalescence of plots of this

type for different speeds is necessarily very nearly the same
as on a plot of 10 logs 1 vs. 101ogc~1, where ir 1 P(w/2uYp

2
b*
U3

and ~~ ~~~~-~-/ ~~~~ • As in the previous report (Ref. 4) , we see
— tha t  the coalescence for HF-7 and LF- 1 separa te l y is f a i r l y

close for 20 and 30 kt. At 10 kt especially in the case of

LF-7 , which is nearer the machinery spaces , the curves are
hi gher; this result is expected if the re la t ive  importance of
an acoustic noise component , less speed-depend ent than the TBL

componen t , i s  g rea t  at this lower speed. The curves for the two
e l em e n t s  ( a t  20 and 30 kt) likewise nearly coalesce wi th one an

another; t h i s  ci r cum~;t ance r e f l e c t s  the f a c t , also noted pre-
v ious l y ( R e f .  4) , that the measured noise on elements of the HF

r and LF a r rays  at  the  higher  speeds is si mi l a r , i.e. , in the
d o m a i n  v f  men suren ient  the noise is nearl y independen t of d i s t ance
a f t .  Independence of d i s tance  a f t  is observed also in the case
of the  noise spectra on 1/8 ” D elements (FS-1’ s) measured in
PU RVIS I .  These r e su l t s  are c o n s i s ten t , then , w i t h  Foxwel l ’  s
sealing 1 n~.’ , though not uni quel y so.

J CONFIDENT IAL
—~~~~~~~ ..~~~
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CONFID ENT IA L BO67- 47022 3.

~~~ ( egree o~ coa lescence of the. ES - i sp’. ~~~~ ~~
(p 0 .

~~
0 •)  p lot ~or d i f f et ent  speeds and dist~!nccs r f t , as g iven y

elements 1638 and 1628 , is show n explicitly in Fig. 2-3. The degree

of conformance (except  for  the leveling of the 1628 spec t rum at 20 kt
due to  a non-TBL source) is notabl y good. Corresponding ly,  the coa--
lescence on the (f2 1,~~~) pl.ot is poor for d i f f e r e n t  dis tances a f t .  In
the latter connection we define a 71 1

’ which modif ies  by in cluding
an asymptotic area-correction factor in accord with Eqs . (A4) and

(A8) of the Appendix :

(2 1.l) P(~ /27l /p
2
~~U~

2 (
~ ~i i ~) if ~jR0/U <<l

(u.~
R0/iU ) 2P(w/2ji)/P2~*U

3 if

where 11U represents art effective convection velocity. A p lot of
this ~~~~~~~~~~~~~~~~~ type is shown in Fig . 2-5 where we have taken r~ to have
a cons tan t  va lue  0.71 and have joined the curves for the two ranges

— def ined in (2-1.1) near the ir in tersect ion by an arbi trary smoo th
curve . Curves B and C for the FS-l’s at different distances aft
diverge g rea t ly,  re la t ive  to Fig.  2-3 , corresponding to the fac t
tha t the measured noise does not decrease w i t h  dis tance a f t  nor
hence w i t h

We may similarly compare with the FS-l spectra and among

themselves the noise spectra measured by Franz on the Albacore . The

Franz results for a given element at different speeds will coalesce

modera te l y w el l  on the  (c20 ,7; 0) plot , since, as show n by Franz, they
did on the 

~~~~~~~~~ 
p lot .

r .

I -
.
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In Fig ~-4 we see a cu.apa~ ison at . ZO ::t amomn-~ trie ~rai~z
elements at the 6.2~~~~, 10.57~, and 22.87~ dis tances  a f t  ar.~ the FS-i

element 1638*; the distances aft for the four are respectively 12.4,

21. 45.6. and 41.6 ft. Element 1638, as noted in earlier reports ,
measures noise from ....2 to 9 db lower than the 22.87~ Albacore element
at nearl y the same distance a f t .  For the average of the FS-l ’s at
this sea chest , moreover , the difference would be slightly grea ter ,
since 1638 measur es slightly higher~ noise than most. In the range

of frequency above 10 logci0.~2, where the slopes are rather steep,

a few db of this difference may be due to attribution of too large

an effective diameter (0.11”) to the Franz element relative to the

FS-l(O.125”). Also , the FS-l was mounted in a fiberglass sea-chest

window , which may cons t i tu te  a softer baffle than the superstructure

in which the Franz element was mounted. This effect could account

at most for a 6 db difference , corresponding to the former baffle

being transparent and the latter rigid, and at the higher values of
wR /U , where the elements , with reference to TBL noise, create

their own baffles , the difference would be less. Nevertheless, the

agreement betwc-en these elements seems not unsatisfactory .

When we compare the results in Fig . 2-4 for the Albacore

c l e n c n t  s at diff~ rent distances aft , however , we see poor coales-

cence , in contrast to Fig . 2-3 for the FS-l’s. We view the com-

parisons on the ( 
~~~~~~ plot [Eq . (2-1.1)) in Figs. 2-5 and 2-5A .

The spectra for the Albacore elements do not coalesce appreciably

better on this type of plot (Fig. 5A) than on the (ç~~,’u0’) plo
t

(Fig . 2-4).

~~~ ln Figs. 2-5 and 2-5i\ we have assumed for the Albacore plots not
the value s of ~~~~. obtained by Franz by integration of the measured
mean v e l o c i t y  p r o f i l .es but ra t her those computed by the same form—
ula used in constructing the Purvis dimensionless plots (Ref. 4,
Eq. (AJ-6)). The latter computed :.~‘s are larger than the former
by a roughl y constant factor 1.4. The comparison between the
P u r v i s  and Albacore elements has thus been made on a consistent
basis. This di screp ancy  in •, .  however , r equ i re s inves t iga t ion

f with regard t o continued use of Eq. ( Al —6 ) of R e f .  4.  

~~~~~~fJ DiNT IA? 
- 

-- ____  ‘4
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‘.~~ u1h the evidence ~~r ~he (~z . ~~~
’) type cf ~~~~~~~

law r~ ‘at ive i o  the (cl 1, 71 1~~) type is tLu ~ not f la~ less , tue FS-l’ s

of Purvis  I , as wel l  as more diverse resul ts  to be presented , do
suppor t i t .  We must  note tha t  this evidence for  (c~~i0 ’) scaling
based on elements of a single size, as of the FS’-l’s, does not

at all imp ly ,  however , tha t  the variable wk’/v~. is not pert inent
along with uR0/U, as dis cussed fur ther below , since wv /v~. varies
very weakl y w i t h  dis tance a f t .

CON HDE NT IM
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Kesults  ‘..f -3 “ar iet ~. 0i ~-~ . ‘ ‘-~e measurements ...~~~~~ sh~~r~
in the (ç~~,~~~) form in v’ig. 2- i . The ~‘i~ asurement.s  3hown are
i d e n t i f i e d  in the following table .

Diam Di stan ce
I d e n t if i c a t i o n  Fluid 2R 0 ( in . )  a f t . ft. Speed 

~
HF-3, P URVIS I i wa ter 5 26.8  20 k t

43 , USL , Albacore water 1.5 to 2.9 34.8 20 kt

Foxwell , rotating cylinder water 0.125 to 1 37 ,78 f t/ s ec

FS-l, 1638, PURVIS I water 0.125 41.5 20 kt

10.57~ pt., Franz, Albacore water 0.11 21 20 kt

Bull, wind tunnel air 0 .03 (t ~ 329 f t/ sec
0.149”)

In each instance of sea-test measurements , we have chosen to disp lay

curves for 20 kt, but results at other (sufficientl y high~) speeds
coalesce fairly well on this plot with those shown. Furthermore ,

as we have noted , results at other distances aft are available for

the 5”D PURVIS II elements and the F’S-i PURVIS I elements and also

coalesce f a i r ly well  w i t h  those shown.

J Also show n in Figure 2-2 is the extrapolated form of TBL
spectrum recently inferred (Ref. 3) to app ly in the limit of a point

element (~R0/U -0), namely ap U~ i 1 (in which again we are neglect-

ing the variation of vt/U; see Appendix , Eq. (AS)), whe: ’ the co-

efficient a is taken as determined by the Bull measurements , i.e.,

the straight line lOlog~~ lOloga- l0logp0 is made tangent to

t i i e  Bul l curve in Figure 2-2. This conjectured form is expected to

app ly, however , onl y roughl y where ~v/v~ - - ~l and hence does not act-
uall y hold for a r b i t r a r i ly hig h p0 .

~~ ‘i’~ ‘ USL resul ts coalesce rat her w e l l  even at  10 kt (see F ig .  2 — l A )

_ _ _ _ _- _ _ _  
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The appropr ia te  e f f c L L iv e  d iameter  of the USL A l b a c cr e
c 1 .~~~ is uncertain w~ t~ i.n t’.e lim~ts .sh.’ wn,since the sen~~ng
area was l . S”  in diameter  bu t was covered by a rubber boot 3~ i6”
thick that was 2-7/8” in diameter. In Fig . 2-2 the diameter

1.5” has been assumed. It is possible also that the effective

diameter of the Franz element was somewhat smaller than assumed ,

and that of the FS-l slig htly larger.

The curve drawn for Fox-well’ s results represents a

visual average of results for two speeds and a number of different

transducer sizes. The actual data show a considerable spread ,

but the average curve is smooth and fairly well defined.

We recall that if the spectrum for the Franz Albacore

element at the 22.87~ point were shown in Fig. 2-2 in place of

tha t for the 10.5% point , the curve would fa ll much lower and
more in line with the curves for the FS-l and the Foxwell

elements.

The noise spectra of both USL43 and HF-3 disp lay a
bend a~ which the (negative) slop~ decreases~ . This occurs in the

neighborhood of lOlogc20 = 14 in the case of HF-3 at 20 kt and

sligh t ly higher in the case of USL 43 at 20 kt; the transition
is particularly abrupt and pronounced in the latter instance.

Up to this break-point , the spectra for IIF-3 and USL 43 coinc ide
rather well on the (ci0 ,~~~) plot. (lf we assumed 2R0 = 2 .~~~

”

instead of 1. S”for USL 43, we should move this curve downward

and to the rig ht by 2.8 logarithmic units.) Above this point

the curve for IIF-3 is appreciably higher. Toward the h ig hest
values of for  IIF-3 (10lo~:. > 22) , at which no results for
USL 43 arc av ailab le , the spectrum turns deci dedl y downward
once more. The }‘u ;-:~a’ll spectra do not exhibit such a pronounced

f l a t t e n i n g  e f f e c t , thoug h Foxwell  in fact suggested that some

decrease in slope doe~; occur at lOlogc l 16. These spectra
l i e  s t i l l  lower than on USL 43 above the break-point , and also

lower than USL 43 and U F-3  in a range of l ower before approach-
ing USI, 43 again at still lower frequency.

n -
~~~~

- .- -

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

-- - - ---___

This t t a n s  i t I cu i,s scarcely d e f i  ned in t he case of HF—7 shown
in  Fl g . 2— 1 but is cii  sc -em i hie for in~is I lIE and LF elements 

1; U F\~ F I 1) ~~~ 

•
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I
Wc may atterpt to understand these results a~ ollnw3 .

We supposc that tt~-~ n~ i~ e s’~~c tr.i ter HF-3 (i.e. , the C I I  elerr ent ;)
and USL 43 at the higher speeds are cr)minated by the TBL component

at frequencies up to the break-points where the slope decreases .

This b reak -po in t  occurs  a t  a f r equency  — 0 . 8 ( iJj2Okt) kHz

(l01og~ 14). Above these break-points we tentatively sup pose
that the noise spectra are dominated by a componen t other than

d i r e ct  TBL pressure  f l u c t uat i o n s .

If another noise source in fact predominates in this

uppcr frequency range , it is , a t any ra te , one wh ich increases
with speed much as if it were a TBL pressure field , as shown for

f HF-7 , for example , by Fig . 2-1 and for USL 43 by Fi g. 2-lA .
On this evidence alone , it would be most natural to suppose

that this noise is due to (1) the acoustic field due to (a)
radiation to the sensing elemen t by flow-exc i ted vibrations of

the hull at more or less distant points , (b) flow-excited vibra-

tions of the hull surround ing tne e lement , and (2) the pressure

field (with the same parallel wave number K = w/c as a radiated

acoustic field!) associated with the effect of compressibility

of the TDL itself. The former noise (1) would depend on the

ship or other mechanical configuration , whereas the latter (2)

would be invariant and universal when properly scaled with the-, f pertinent boundary-layer parameters .

We must recall , however , the evidence of the cmo s-

spectral densities of noise on neighboring h F elements (Re f. 4,

Vol. 1). The cross-spectral magnitudes ordinaril y displayed

a pronounced decrease in the frequency range up to —2 kHz as

speed increased from 0 to 20 kt , and a perceptible decrease

a I so in the r ang e  from 2 (C) —-8 klIz. In particular , at. 20 kt there

is some substantial range of frequency extending well above 2 klIz

iii whi cli the computed cross—spectral magnit ucie appears too low

to be at tributed to a radiated acoustic field , or generall y a
field with wave number k (I /C . In this connection we may refer ,

[ for example , to the p lanar i so t rop i c  magn i tude  lJ 0 (m~~/c) shown
in Ref. 4, Vol. 1 , Figs. 3.1.2-1 , 2, and others.

, 1
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P 1
‘r t  fore , in some ~qu cy t a r  ~~ dbove 1 !.hIz , .,e ~e

would ~ike to t t t r ibu te  ~he noise on FI~ to something ot.~cr th:m

t he direct  TI~L noise , the evidence of the c ross-spec t ra l  magni tudes
seenist o  imp l i c a t e  a f ie ld  w i t h  para l le l  wave numbers K . .  ~~, / C . If
so , the acous t ic  f i e lds  (la)  and (2) ment ione d above could not be
the source soug h t .

As for the possibility (ib) that the pressure field is

t ha t  associa ted  w i t h  local bending waves in the hull surrounding
the elements , we estimate the resonant wave length of this field

in the case of the HF e lements .  The hull plate  surrounding the
horizontal row of this array is 1/4” thick and attached to a doubler

plate 1/2” thick , bringing the total thickness of steel to 3/4”.

For a thin steel plate of this thickness water-loaded on one side, at

2 kH z, for examp le, we f ind  the resonant wave number is approximate ly
5.2  f t~~ , i.e., onl y twice that for sound in water at the same fre-
quency. At higher frequencies the ratio of the resonant wave number

to that of sound decreases. Hence the shortest waves that may be
appreciabl y excited locally,  the resonant waves, are not greatly

shorter t han  acoustic waves. For this reason and others, we doubt

tha t t h e  conjecture that this source of noise is most important in

sO:’~ wide range above 1 kHz is the one most worth pursuing .*

Another possible high-wavenumber source is noise due to

bubbles close to the element face. This hypothesis is not presently
supported , however , by other observations.

Possibl y we should attach less weight to the i ndication

F provided by the low cross-spectral magnitude s discussed above . We

suggest (but  cannot exp lain) that in many ins tances  compute d  cross—

r 
spectral magni tudes arc rallier lower than niig lit Li’ expect ed .

* We note a pair of limiting r e s u lt s  r ega rd ing  the no l  sc f i e ld
on an element due t o  baffle v i b r at i o n .  If the  b a f f l e  impedance

I is i n f in i  ( C , this field obviousl y vanishes , and if the baffle
is a pressure- re lease  su r face  and the element vanishing ly small ,
t h i s  f i e l d  mus t  e x a c t l y cance l  t h e  t o ta l  dr iv ing pressure on

E the  b a f f l e  (v . g . , the sum of t h e  ‘fl~L pressure and that clue to
r ad I a t  i on f rom acous tic sources t hroug li the waler 10 the p o i n t
que t i on)

~~~~~~~
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For ~xamp 1e , the magn l,tude for adjacent pairs cf LF e1’”~nts

in nu~,,~ rous cases decreases ~ons~ ae r a~~1y from 0 to 10 kt ov .r
a broad fre~ uency range (e .g . , see R ” f .  4 , Vol.  1, Figs. 3 . 1 .?  -

83 and 87) . Yet it is c lear ly indicated by the speed dependence
of the LF au tospec t ra  (e .g .  , see Fig. 2-1) that  some non -TBL
con t ribu t ion , presumably machinery noise , s t i l l  margina l ly
dominates the noise at 10 k t .

Pend ing fur ther  indications, we still tentatively
ascribe much of the noise on the large elements in the subject

upper frequency range to speed-dependent acoustic noise of types

enumerated above ra ther  than direct ly to the TBL . This at tr ibu-
tion is impor tant for the obj ective of assessing the noise
reduc tion possible  by increasing the size of flush elements .

J As noted , however , this assessment may be configuration-dependent.
At the same t ime we must note the noise on the recessed element
C5 a t  30 kt  (Fig. 3-1) is subs tan t i a l ly below that  on the HF

- 

.1 and LF el ements through the range in question as well as at
lower f r equency .  This resul t , if it is a re liab le  indication ,
tends to suggest tha t  the noise on the f lush elements is due to
the TBL even in the hi gh-frequency range , being therefore subject
to reduction by a dome .

With regard to the contribution to the TBL noise  spect rum
due to compressibility of the mediui- (source (2) above) , it is
possible to advance a plausible form for its dependence (Ref. 6).

in a cer ta in  regime of interest this contribution is thou~ht to
be of the order of b(v*/c) 2 times the ex t r apo la t ed  form p

r suppc)sed to appl y to a po int elemen t when wv/v~ << 1, where b is
an unknown c o e f f i c i e n t  conceivably subs t an t i a l ly l a rger  than uni ty.
If  b - 1, however , the factor (v ,../c) represent s a s u b t r a c t i o n  of
about 74 dl) for  U 20 k t ;  the s t r a ight  l ine corresponding to

J 
this assumption is shown in Fig. 2 -2 . Accor ding  to th i s  f i gure
b could  not  g r e a t l y  exceed u n i t y  w i t h o u t  c o n f l i c tin g  wi th the

I
I

C U N H D E N T I A L  
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low noise spectrum on HF-3 a t the highest frequency (10 kllz)*.
If b does not greatly exceed uni ty, however , we would then conclude
fioi~ F ig . 2- .! that  th is  coLupLess~ bi ii ty cf~ect is ~tu t  rr .~ oi. talit
for }lt-3 at frequencies substantiallj bel~~a 10 kHz.

In the lower frequency range where we suppose the TBL
noise to predominate  for a l l  elements , we have s t i l l  to account
for the decrease in noise spectra viewed on the (c~~, 7r~ ) p l o t  of
Figure 2-2 as we procec~C from HF-3 and USL 43 to the Foxwell
elements and then to FS-l (where however , the earl ier comparison
of the Franz elements wi th  the FS-l ’ s must also be considered) .
We recall  f i r s t  that  the TBL dimensionless spectru m

P(w/2n ) /p 2 v~ U~~~R0 can be expected to be a function of
wR~ /U a lone , as proposed in Ref.  3, roughl y only where

ciyv /v~ <-~ 1; at  hig her uiv /v~ we encounter the so-called viscous
cutoff and expect rather only that*~

(2 -2)  P(w/2n ) /p 2v~U~~~R0 = H(ov /v~~,wR0/ U )

I t  is suggested , then , tha t the progressive lowering of the
(

~~~~~~ 
‘) curves j u s t  mentioned may be due to a decrease of ~

with  increasing wv /v~ at  f ixed wR0/U as R0 is decreased.  We

j can exp lore this possibility explicitly if we are prepared to
assume a definite dependence of H on wR0/U~ in (2-2). in
p a r t i c u l a r , suppose , in accord w i t h  Eqs . (A3) and (A6) of the
Appendix r e f e r r i n g  to the dependence of the  hig h-wavenumber

“ We p o i n t  out t h a t  the acoustic ’ noise  on HF-3 due to TBL com-
p r e s s i b i l i ty  or m a cN at i v e  sources can nearly vanish , never the less ,
in a very narrow f requency bond at  st i  11 hi gher frequency.
Consider  an a c o u s t i c  n o i s e  field p r o p a g a t i n g  p a r a l l e l  to the
plane containing the c l e m e nt .  I f  the a s s o c i a t e d  point  pressure
spec t rum i s  ~~(ci: ) , t he a v e r a g e — p r e s s u r e  spec t rum on the el ement
is N(’ ) [ 2J~ (a R /c) / (~ 

R /c) ]~~~ , 
where c is  the  speed of sound .

This quanitty f~as i t s  f i r s t  zero a t  a f r equency  u /2ir - 0. 6 1c/R
for 2R 0 = 5” and in w a t e r , this yields a-/ 2~ i~~ 14.3 kHz ; in
Fi gure 2 — 2 , w i t h  r e f e ren c e  to 11 i_ s R , the  correspond i ng absc i s sa
is lOl og~ 2 7 . 4 .  This c a nc e l l a t i o f l  of a~ par~~l id  sound f i e ld
by area—avemag [ng is not d i s p layed  by the  c o m pr e s s i b i l i  I y~ noiS~l ine in Fi g. 2 — 2 ; l i i i  s l ine  t a ke s  no account of area-averag ing
and can op p ly only wher e a R

~, 
/c •~~ 1

~~ k ’a5t con si c le ra t  ]ofl 01 m o d e l s  for the c o n v e c t i v e  c o n t r i b u t i o n  to
the TIlL pre;sure spec truni lead us to b e l i e v e , pend ing  renewed

~ J invest iga t ion , tha t dependence on a-v /v?. I ike l y is i mport an t
( Veil at vol  lieS mit ch I ~‘ss t han  w i l t  y , p erhaps  where
(flV /V / :  ,. 0. 1 or 0.2 (c f . Ref .  3 and 7)

CO N F ID E N L I AL  
-_ _ _  -_ _ _ _ _ _ _
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(_ - .1,
1x t L ( y )  1.1. x -

~~-~ 1

H

~

y,x) 
~T~~X~~h(y) 

if x >> 1 ,

where r~U represents an effective convection velocity. Then

(2-2) becomes

~h(wv/v~) if mR /U << 1

(2-3) P(w/2~) /p v *
w 

~~~ - 3(cuR0/r1U )  - h(c~v/v~) if mR /U >> 1.

We should then expect coalescence of measured curves if we

plo t l0log~2 vs. l0logc~2 ,  wher e

(2-4) 
~2 
[P(w/2~ )/P

2v v~ if wR0/U~ << 1

~~~~~~~~~~~~~~~~~~ /p 2vv~ if wR0/U~ >> 1,

2
~~ 2 

- -  UYv /v*

—
_ For convenience , di sregarding the variation of vt/U , we plot

instead 10Iog~~ vs. l0l og:.~,where

(2-5)  [P
(m/2~~~) /p 2vU 2 if wR0/U~ << 1

L
(mR /

~~
u )  

3P( c /2~7) /p
2vU 2 if mR /U >> 1,

T = o~~~~/U
2

.

Such a plot is  shown for IIF—3 at 20 and 25 kt and for I’S—I , 1638 ,

a t 20 and 30 k t in  Fig. 2 -6 , where , in the case of the FS-l , we
have joined the two ranges cl~~finec l  in (2—5) arbitraril y by a
smoot Ii curve.  * The range 10 1 ~~~~~ ,> -45 for  I IF- 3 in Fig.  2-6
corresponds to the range where we have supposed an acoust  lc
f i eld p r e c lom inat  ca , and therefore we d i s r e g a r d  t h i s  segment

‘~The al,scissas at which the two curves of (2~-5)would intersect
is m d i  cat ed by m a r k s  i i i  F ig .  2 — 6 .  T h e  c u vf fj c  i c’nt i~ has been
t a k en  C u l i S t  o u t  and equa l  to 0.71.

CON HDFNUPJ 
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wi th ~-~gar~ to com~ar~ng with the curves for the FS-l .  We see
that the IIF-3 - m d  FS- 1 curves , gav e, in ~~~~~ , been uL .-n.tgLs

nearer  coalescern~. Lha ~ in the p l o t  -) f l0 logir ~ vs 10~ .-g~ 0 of
Fig. 2-2 . Also , we note  t h a t  the curves for  the FS-l at
d i f fer e n t  speeds coalesce f a i r l y w e l l  wi th  one another  except
in a range l0log;~ ~ -46 where w6*/U may be too small  for
form (2 -2 )  to app ly. This latter range for the FS-l may thus
be discarded also with reference to the comparison with the

HF-3 curves.

We thus suggest that a major reason for discrepancy

among the curves for (1) HF-3 and I J S L  43 , (2) Foxwell’ s
elements , and (3) FS-l in the range 3 <l0logc~0 < 

12 in Fig.

2-2 is the increasing dependence of spectra on wv /vt as R
***  0

decreases at fixed wR /ti
0 ~~

*If the roughness of the surface in which any of these elements
-— r is situated is sufficiently great , as noted in the Append ix,

we should expe ct tha t ah/v .,~, in place  of av/v~ç ,  is the perti-
nent variable. In this case the spectrum on the (ç~ ,-n ’) plot
would not be lowered as much relative to a larger e?em~n t as
if the surface were smooth. Here Ii denotes characteristic rough-

~~.ness hei ght.
If this discrepancy is t~~’reby rectified , an ap par en t di scr epancy
w i l l  necessar i ly ari se bc~ween the Franz element at the l0.5%point and IIF-3 , USL 43 in Fi g. 2—2.

I

I ~~ 
C O N F I D E N T I A L
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~~~~. ~~~nd r) teinents

Reliable uoisc autospectra ale now available ~or Eleuiue;its

CS , G7 , and G9 of Sea Chest 2 at 0, 10, 20 and 30 kt (Figs. 3-1 to
3). The general character of the’ results for the recessed element

G5 remain as described previously, keynoted by the rise in noise

above 2 khz at 20 kt and disappearance of this hump at 30 kt. This

hump at 20 kt appears , but to a much subdued extent , for the flush

clement G7 , and degenerates  to a mere  leveling tendency for the hig her ,
h u l l - m o u n t e d  f l u s h  element  G9. *

In the low-frequency range up to 2 khz, over wh ich the
speed and frequency dependency of the C elements remains fairly

regular , for 20 and 30 kt the recessed element C5 is quieter than

G7 by 6 to 11 db. Toward the lower-part of this interval (~-‘0.2 khz),
G7 in turn at 20 and 30 kt is a few db quieter than C9, but nearly

the same further on in frequency. C9 in this frequency in terval
measures noise nearly equal to that on an element , e.g. LF-l. in the

lower-positioned LF array; at 30 kt in the same frequency interval C9

measures noise se~eral db lower than LF-l.

The striking speed-dependent hump at high frequency in the

noise on C5 has been t e n t a t i v e ly attributed to that due to bubble

flow in the neighborhood of Sea Chest 2 (Refs . 5,4). In Fig s. 3-4 to 7

are shown the apparent lower boundaries of the b u b b l e - i n f e s t e d  area
along the hull , as obtained from pho togra phic data , f or head and f ol-
lowing sea runs at 15, 20 , 25. and 30 kt. The bubble area at 15 and

20 kt appears just to envelope Sea Chest 2 down to i t s  lower boundary .
A t 25 and 30 kt , on the other hand , roughly the upper half of the
sea chest is typicall y enveloped. The trace of the boundary line
across Lili sea chest is iriel i ned somewhat below the horizontal in

the rearward  sense .

We may expect  t h a t  bubb le  noise , in cont ras t-  to noise due

to t hi’ turbulent boundary layer (TBL) , wi.i I dc’pcnd suhstanl ially on

heading , maneuver, and sea state and be subject also to considerable

~ in the hi gh —  frequency range F’i gs . 3—1 to 3 sh ow consi ck’rable
Van at ions of noi Sc on (~ ~ C] , and (~ ) even at ze ro speed

I 

ç C O N H D E N T I A L
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stat~ sti~ ~i (tLuie) ~~~i iat ion . ~~~ 2 -
~~~~ 3hows two nois.. .pcc~ rn (Ru.a

347A and 34Th) for  CS ac 20 kt  oiiipute~J from data taken on eiffc~~ at

days at different sea s ta tes  (0 and l).~ In the range 2 to 5 khz

these spectra differ by as much as 8 db while coinciding well at

lower freque ncy. The corresponding results for c lement G8 are

shio~.n in Fig. 3-9, and a similar difference is seen to occur .

Noise spectra for C5 at 13 and 25 kt are com pared in Fi g.

3-10 for different headings. Above 
•2 khz, for 25 kt there is a strik-

ing difference ranging to 10 db. No appreciable difference occurs at

15 kt , on the other hand . The curve for 25 kt at 90° nearly coin-

cide s above 2 khz with the 15 kt curves. It is suggested that in the

two runs at 15 kt and the 90° run at 25 kt the sea chest surface at
G5 was enveloped by a bubble stream of maximum density, whereas in

the 0° run at 25 kt , this clement escaped the maximum effect. A simi-

lar comparison for element G8 is shown in Fig . 3-11. The d i f f e ren c e s
at both 1.5 and 25 kt in this case are moderate .

We note from the geometry of the element configuration that

whenever  elc~uents C5 and C6 lie w i t h i n  the bubble - in fes ted  region ,
so also do G7 and c8 and also C9 and ClO. In order to account for

the  a p p a r e n t  inc r e a s i n g  progression of h ig h - f r e q u e n c y  bubble noise
at 20 kt from (lemcnt c9 to G7 to C5 , we might suppose that the

intensity of bubble noise is not uniform over the infested area , hut

has a uae-: i r iium near the lower boundary.~
Regarding the possibility that bubb les  c o n tn i  hut e  s ignif i-

c a n t l y  to noise on the layer-covered D e l e m e n t s  at Sea Chest 1, Fig .

• 3—4 indicates that at 15 kt the l ower boundary of t ime b u b b l e — i n f e s t e d

area may pass c-lose U) the upper ed ge of Sea Chest 1 , e speciall y at
• its aft portion. At lu i glier Sp& d dS t h e  l )Ubbl  C l ) o u l R L l ~ passes  ~-‘ei.1

above this sea ( i l e st
p

W~~ Rl s rc a r I t 1 ~ sf) e ( - t ro for r u n s  3/40A an d 3/~01t show n in
F i g  . ~—8 as corr 

- spondi  ng to quest i on:ul ml r go in set Ii ngs - 

_
~~~~ ~~~~~~~~~~~~~~~~ _ _ _  _ _ _
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Fig.  3- 12 compares the ~.o i - e  on C1.e f l  ~nt  ~ l ar 1) ~~~~~~~ 2~ k t
for  d i f f e r e n t  hcadi . .b s .  For 15 k t  the  s p e c t r u m  ior hca’~~ng 9Qfl ies
wel l  above t h a t  for 0 ° over the en t i r e ’  f requency  range , thc- di f f e r e n c e
reaching  a maximum of 15 dh at 2 . 3  kH z .  For 25 ki , on the othe r hand ,

t here is very  lit t Ic di fference between 0° and 90° . A s i m i l a r  com-
pa r i son  is made for element D2 in Fi g. 3—li . in this case , at 15 kt

the spectra  are s imi l a r  at low f r e q u e n c y  and comparable above 6 khz ,
but  at  interi:iediate f r e q u e n c i es  the - spect rum for 90° lies above t h a t
for 0° by as much as 16 db at 2 kHz . As in the case of Dl , for 25 kt
there  is l i t t l e  d i f f e r e n c e  be tween  00 and 90°. Furthermore , the

l e v e l s  at  15 kt for  90° on both Dl and D2 are comparable w i t h  the
leve ls at 25 kt . In view of the relative distance of the bubble

boundary at 15 and 25 kt , it is suggested that for 15 kt  the 90°
hea d ing  r e s u l t s  in close p r o x i m i t y  of bubbles and hence hig h noise
relative to 0°. hut that for 25 kE the effect of heading on rela-

tive bubble  p r o x i m i ty  and hence noise is m i n i m a l .

If we a t t r i b u t e  the variations in question to bubble noise ,

we observe that this noise in t h e ca~ e of the D e lements  is apparent ly
spread over a broad f rec juency range , but  in ths case of the C e lements
largel y c o n f i n e d t o  f r e q u e n c i e s  above 1.5 k hz .  This resu l t  would
imp ly a b roade r  di ~ L r i bu t i  on of bubble sizes. in particular more

relativel y l arge’ bub b l e s ,  in the  neig hborhood of Sea Chest  1 than in
tha t of Sea Chest 2.

C O N F I D E N H A L
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An invest b dr 5 on by analog d~ a -p r o c e s s i  r ig u i - - nods ha~
been made of the time v a r i a t i o n  of the n o i s e  levels in various fre-

quency bands for elements C-5 and LF-9. Re sults arc shown in Figs .
3-14 to 3-17 for  speeds 10 and 15 k t .  Th ese may be broadl y sunu ~a r i  7.ed
as fo l lows.

In frequency bands up to 2 khz the rms devia t ion  for LF-9 is
onl y -4 db at  10 kt  and ~-~2 db at 15 k t .  In these bands for C-S the rms
deviat ion is -.2 db at  10 kt and ~ 3 db at 15 k t .  In f requency bands
from 2 khz to  13 khz the rms deviation for LF-9 at 10 kt  is likewise
onl y ~ l db. At 15 kt , however , the deviation for LF-9 is irregular

and large , perhaps ~5 dh.  Furthermore , the variations in level in

the severa l frequency bands dis tinguished above 2 khz the correlations

of levels among bands is poor , e. g.  where the level between 2 and 5 khz
is e x t r a o r d i n a r i ly hi g h the  l e v e l  be tween  5 and 13 khz is o f t en  extr-
o rd ina r i ly low . In the case of C-5 , even at 10 kt  there is great
v a r i a t i o n  in level for the hig h - f r e q u en c y  bands especial ly from
3.2 to 13 khz, deviations being 5 db. These deviations , however,are

well correlated among f requ ency bands and fur thermore  display a dis-
t i n c t  pe r iod ic  e f f e c t  w i t h  f r equency  0 .3  to 0 . 5 h z . At 15 kts , for
G-5 the variations remain great , r a t h er  g r e a t e r  for 2 to 5 khz than
for 5 to 13 khz , but the periodic structure is less pronounced and

shifted to ~‘O .6hz . likewis e, unlike LF-9, the levels are well cor-
related anm ong f r equency  bands .

The larger t ime v a r i a t i o n  of noise level for C-5 , especial ly
at hig h frequency, accords with the supposition of a large bubble-

noise contribution and the broad peak in the  hig h - f r e q u en cy  region.
It is note~.-orth y that the increase of noi se with frequency at 15 kL

(for the hand divisions used) persists through time s of low as well as

hig h total noise . 
.

• The compar i son  be tween  CS and LF— 9 wi th  regard to the
degree of co r r e l a t i on  of va r i a t i ons  in d i f f e r en t  hig h - f r equency  bands
seems to say that , in the case of the recessed element CS, when a
large number of bubbl es of one size are located so as to produce mu ch
fbi  5” Ofl (v) , SO al so are a large number of b ub h l ” s  of other sizes , bu t
in t h e  e a s e  of 1 1 — 9  a large numb er  of bubbi OS of one s i ze  are o f t  m n

~ 
j  C ONFID E NTiA L
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loc aL ~ -~ s~ a~ to ~~~. uduce mn’ ch noi ~~ . .h i l e  t~~~’ ~ of anc~~ - - ~~~~~~~ crc
not and conve 1 t y ;  vet  t h e  e x t e ra L of v ar i a t ior ~ ano tut ’ ~~ r iod5  c i t y
for both ele me nts are comparable

Listening to the noise records in question likewise gives

the imprc ssiou of some non-uniform hig h- f r equency  noise in the case
of C-S at 10 and 15 ki and some especiall y tinkly noise in the case

of LF’ -9 at 15 kt. LF-9, we observe , is the highest element of the

I F  arr ay and probably ,  of this array , the clement nearest the bubble-

infested region .

The severe variations in spectral level in the case of C-S

do not inspire confidence in the s i g n i f i c a n c e  of the i n s t a n c e s  in
Figs. 3-8 to 3-13 where several spectra nearly coincide .

4. Summary

In summary and conclusion , we state

1. The noise on the 5”—d iametm r h F  and LF f l u s h  c lement s

at the higher speeds (. , 15 k t )  is d o m i n a t e d  b y the d i r c e t  TBL contri-
bu t ion  roug hl y up to the  frequency where the negalive slope decreases;

th i s  f requency  t y p i c a l l y is 0 . 8 ( U /20 k t )  khz .  In the cor responding
domain of the  dinieimsio ’ile ss variable ~R /I J , the  s e a l i n g  law for these

— large e l emen t s  conforms f a i r ly w e l l  to the form P(~ /2- )/1
2v~ U R 0

f ( ~ R0/ U ) ;  hence , in this  domain the TBL noise is not  expec ted  to
decrease w i t h  d i s t ance  a f t  and , for moderate  changes in R0. may vary
roughl y as R0

3.

2. In th i s  same domain of wR0/U , the noise spectra for much

smal le r  e l e men t s  does not scale in the manner s t a t e d  above , but  are
] o~- e r t ban tha t s c a lin g  law wou l . d [‘rud i  ci on account of t he  influence

of the parameter aV/v .

3. ln time f r e q uen cy  doma in  above the decrease in spectral
slope for t he 5” el em ents , t h e  noise is thought not to be due pnimar I I y

]~TR ’se E~~i~~~ tI5 ; i Ons supcrsede t h o s e  of R e f .  4 where in conflict.

CO Ni ID[NJ It~[ 
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to the ~irc’~~ Ti.L p r e s s u re bu L ~o scme ol ime , eed—de~~ ndcri : ~~jse

field. For a g Lven ship configuiaiion ~be n ise still depends on

~R /U somewhat in accord with the aforementioned scaling law , but

changes with ship configuration , e.g. Purvis to Albacore .

4. The noise referred to in 3 is tentatively attributed

main ly to noise r ad ia ted  b y f low- induced  hul l  v ib ra t ions .  This a t t r i -
bu t ion , however , appears to conflict somewhat with the measured cross-

spectral magnitude s and perhaps with the low noise on the recessed

element C5 at 30 kt. It is a central necessity to fathom the problems

of this domain.

5. The noise measured by large elements in the vicinity

of sea chests 1 and 2, especially the latter , for certain speeds and

frequency ranges is highl y variable , and bubble noise is considered
to be the cause. The variations with heading and run at different

speeds  appear to  have a p lausible correlation w i t h  i n d i c a t ed  bubble f low
paths. In the case of sea chest 2 the variable noise is largely con-

fined to the frequency range above 1.3 khz.

6. At speeds and f r equenc ies  and for t ime cu t s  where
bubble noise apparently does not dominate the spectrum on element G5 ,

for  speeds > 20 kt , the noise on thi s recessed element  is lower than

tha t  on s i m i l a r  f l u s h  c lements  by ~-.l0 db .  The recessed posit ion  of
t he element  is tentativel y concluded to raduce TBL noise relative

to f l u s h  m o u n t i n g  in a su b s t a n t i a l  f r equency  range of i n t e re s t  by
such an a m o u n t .

5. R e c o m me n d a t i o n s  for  Fur ihe r Process ing  and Anal ys i s

We g i v e  i n  summary preliminary genera l  recommendations fo r

l’Ul ~V I S  II  w i t h  r e f e r e i o - e  t o  tasks to  be p e r f o r m e d  in t he  second c u t

and al so some which can be pursue d , if not comp le ted , in the  ~)le se nt

first c u t

~~~~~~ e c o n s eq u e n t  of lect . on si g n a l  — t o — n o i  se r a t  i o depends on the
r e s u l t  of a r e l i a b le  i n  s i t u  calibration , and on t h e  spat  i a l  cor—
re lat  i o n  of the i n t e r i o r  f i e l d , in a c o n f i g u i r o t i o n  of act u a l, int erest .

CO N HD[ NTI A L 
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5.1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1. Process and an~ Lyze for more elements, with the ~ide~
t

avai lable d i s t r i b u t i o n  in pos i t i on , in order to es tabl i sh  be t t e r  the
dependence on c i r c u m f e r e n t i a l  pos i t ion  and other coordinates  re la ted
to pro’:imity to the surface and to bubble-f low paths .

2. Process and analyze more data with a view to reliably

distinguishing sysLematic from statistical variations and, where the

latter are concerned , making full use of the data, with the aid of

the computer generate averaged results with minimum standard devi-

ations. This point refers mainly to elements where variations be-

tween spectra computed for different time cuts are indicated to be

min imal.

3. In the case of elements whose spectra are known to

be seriously time dependent , p resumab ly on account of bubble effects ,

process a u t o -  and c ross -spec t ra  w i t h  exp licit regard to whether the
spectral level during a given t ime cut  is hi gh or low . This course
will permit a consistent and discriminating analysis. In particular ,

corre la te  v a r i a t i o n s  in cross-spectra with variations in auto-spectra .

4. Mak e more e x t e n s i v e  comparison of PURV I S II r e s u l t s
w i t h  t i-i c w id e ’  v a r i e t y  of shi p and l abo ra tory  noise d a t a  ava i lab le ,
i n c l u d i n g  those of PURV I S l,wi th particular reference to the per-
p lex i rig h i g h— f r e q u e n c y  r ange . Employ t he  types  of d imensionless
p lo t  t h a t  correspond to TBL pressure  scal ing law s t h a t  may have val-
idity in various domains. Main objectives here are the correct iden-

t I Ii cation of dominant noise sources in various domains and p r e d i c t i on
of the depe ndence of TBI. noise  s p e c t r a  on d i s t ance  a f t , hy drop h one

S i  y e , and , with re ference to covered e lements , properties of the dome

or layer . St ud y auto— and cross—sp eet ra further for pos~ ible rosolu—

t ion of unccrt aint i (s as ;oe i ated w ith the frequency range above the

~~l ope— doe rea~ e p01 nt  in t he  spoct ra on 5’’ element S.  E s t i m a t e  spe ed— —~

d e p e n den t  ac ou s t  i c  noise on the so elements .

5. by use of analog data-processing techniques , pro duce
t i m e  hi  s to r ies  of noise level in se lec ted  f requency  bands for f u rih e r
e lemen t s  and c o n d i t i o n s .  A l s o , l i st en  to  the recorded noise for  cvi . —
d ( - r l c - of b u h u h u l  (S , e t c .

CO NF J I ) EN I IIU
__________________________ - - -~~~~ _______ 
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6. St :~ty the v.~r I a t l ir~ w ,  ch he~ ~~~~ . ~ and ot...~ c L ’ - r ’ ons ,
of the lower bour idar ”  ~ f the h u l l  area covered u1 buhI ) l~~s,  as &~~ained
f rom photograp h ic da ta , and a t t e m pt to cor re la te  w i t h  noi se moasure-
m e n t s .

7. By use of analog dat a, cross-correlate measured noise

in a given f r equency  band w i t h  bow-probe or other  ship-m otion o u t p u t .
(Cut 2 onl y)

8. Write digital program for beam-forming and analyze

apparent angular distributions of noise measured by h F  and LF arrays
under various conditions in selected frequency band . (Cut 2 only)

5.2  Transmission Data Processing

In the first cut of PURVIS II no appreciable processing and

anal ys is  of t r a n s m i s s i o n  runs have been performed. In these runs

s i g n a l s  t r a n s m i t te ch from s t r u t - m o u nt e d  t ransducers  were received by the

s h i p - m o u n t e d  ii’ , drophoncs, the amplitudes and phases of these received

signals  be i ng a f f e c t e d  b y whatever bubbles were pre sent in the region

between transmitting and receiving elements.

We propose a plan for processing in the second cut that is

based on use of analog da ta  processing . At a later stage , when some

— 
re s u l ts  are ava i lab le , however , it may appear  wor t hwhile  t o  cons t ruc t
programs for further digital processing . It is suggested to produce

the following types of output from the ana log  d a t a .

1. Visual records of envelope of received signals.

2.  Ampl i t ude  d i s t r i b u t i o n  of envelope
3. C r o s s - c o r r e l a t i o n  between envelopes received at

two e lem e n t s .
6. C r o s s — c o r r u - l a t i o n  of c lJppec l  si gn al .  w i t h  c li pp e d s ignal

for  same ci emi ren t .  a t  zero speed

5. Cross— correlat ion of signal. envelope with bow—probe or

otlu r sh ip — rmi o t  ion OUt .j)ml t

6. Cross -cor rela t ion  of s ignal  envelope w i t h )  noise level
on same clement in a frequency band excluding that of
the transmitted signal.

CONFIDENTIAL 
- -  ~~~~~~~~~~~ --____ - _ -a
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~~miis 1 ~nd 2 will ~~~~~~ ~rformation concerning f re qu en cy ,

du ra t i on , and .‘x i &n t J 
~~
1b”~~~ • ~ii pout  for  a g ivr r i.e t 1€t , ; 

~-.t g ive~
speed s heading , and mane u v e r .  I t em  3 w i l l  ind ica te  the degree and
spatial scale of correlation between such dropouts at different d c -
nients for optimum time de lay. I tem 4 will provide information on

signal phase shift due to transmission through bubbles similar to

tha t on signal amp litude provided by item 1; if the phase shift is

smalle r than that due to relative strut motion , however , only an
upper limit on phase shift will be obtained. Item 5 will test the

extent of the ment ioned corre la t ion  a s soc i a t ed  w i t h  the dependence
of bubble production and paths on ship motion and illuminate the

latter relation. Item 6, together with 5, wil l  provide f ur ther
indication of instances where noise measured in a given band is due

t o b u b b l e s .  

- .

~~ 

_
1~~~ 

_ _ _ _ _ _
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I
P API EN DI X í.

R~ ’t-\R,~ ; ‘iN TIlE SC~ i~l~~ OF TU~~i~~LEN T b~~~~’) \ }~~ -L.~~
” ”

I RESS U RE FLUc’ruATI ONS

Most generally, the spectrum of average pressure  on
a c i r c u l a r  area of radl ius  R0 in a p lane bounding an incompress ib le
turbulent flow must have the form

(A-l) P(~e/2i r) = p 2RoU~ F( wR o /U m , Ro /b *,wv / v ~ ) .

In the limi t of vanishing area , i.e. , wR0/U~-~ 0 , R
0

/5 *
-> 0 ,

this must reduce to

(A-2) P(i /2rT)-~P0(-J2 /2ir) = p
26*U

3C(w~~~/U ,LUV /v~ ) .

Well known considerations have l een adduced (e.g.

see Ref. 1) to i n d i c a t e  tha t in some hi gh- f requency  reg ime
characterized by i~v/v~ , the latte~ form probably becomes more

simply

(A 3) P0 (LU /27! ) = p
2vv~H~ (~v/v~),

independent of &~~ . Likewise , in some oppo si te , low-frequency
regime characterized by -i-~~~/U , the form become s ra ther

(A-4) P (j. /2ir) = p
2b*U~H Cut*/U~ ) ,

independent of v/v~ . More recently,  it has been suggested that

in a broad reg ime , may indeed  be independen t of both  lengths
U , and v/v.,. and therefore have the form

- - (A-5)  P0 (-~ 
/ 2 i r ) ’ ç

2 V~ w 
-

whic h  i S the p a r t i c u l a r  form cons t i  t u t in g  the in t e r sec t ion  of
forms (A-3) and (A-6) where we regard vt/U as a constant  and

i i  
_______ 

4
-~~~~ - - -  

- — -- - -
~~~~~~~~~~ 

--— 
-~~
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I
neglect its weak depen denc e  on Reynolds number

*.

by ~elae~. Ib~
t l

~~~~
” L~ (e.g. , see Ref .  1 it ~~ ~ndicat’~d

that , for a large area such that wR /U >> n at not too small

u v/v*, the h i g hi -wavenumber (convective~ cont r ibu t ion  to P(w /2-rm )
has  the form

(A-6) P÷ (-1 /2~) (:LR0/~J~)
3
p
2Vv~Lf (wv/v ~),

ind ependent of t~~. Fur ther , the -function L+(x) may be approxi-
mately i de n t i f i ed , to w i t h i n  a f ac to r  of the order of unity ,
wi th  ii (x) in (A-3) The rema ining, low-wavenumber contribution

to P(~ / 2 — ) for such an area , at  leas t when R0 > §~~~, may ra ther
have tile form

(A-7)  P (i / 2 — ~)

Independ ent of v/ v ~~. if , a t  tile S ame time , R0 is not much larger
than t-~~, the latter form may become roughly

(A 8) ~~~~ /2~r) ( w R /U ) 2 p 2b*U~ N ( w U */ U )

if , on the con t ra ry , R0 >> 
~~~~~
. (s t i l l  for an incompressible f lu id)

we expect i n s t ead

(A -9) P (w /2n) ( i — R 0 /U~ ) 3p 2 6*U~ S(~. & */U~ ) .

Recent l y it has been suggested (Ref. 3) tha t , even
for an area of a r b i t r a r y  s ize , in a broad range of f requency
the t o t a l  spect rum P( ~~~~ /2 i-r)  ~~~~ P -F P 1 ) is a c t u a l ly near l y
independen t  of ho iii a ... and V /v... , h a v i n g  the re fo re  , by ( A — i )
the form

( A - i  0) P ( - i . / 2 u)  ç 2 R v ~ f(u i R /U~~ ‘

~Sincc (5) is thus a special . case of (3) and of (4) , i t  is
fut li e to a t t e m p t to deny these latter to affi rm the former.
A similar remark app li es to (A-6) and (A-lU) (cf. Ref. 3).

I

_ _ _ _ _ _ _ _  _ _ _ _  _ _ _  

.4
— _ ___~ _ _ .-- -,---—-- ~~~~~~~ ‘ — - 
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I
~~ t I

wI”~~e. ii ‘h  preser accour~t , ~~ ag a i n  (lu not ~ s.~ing~i u eL we’~~
V .  6.nd U a’ a r t  from a factor regard~.’di a~ constant. The sum of

(A-6) and (A-8) or (A-9) i t se l f  reduces to form (A-1O) provide d
L~~(x)~ x 1 and N(x) -’ x~~ or S(x) ‘ x~~~; in such case in (A-lU) we
would have

f (x) ~~- a~ x 4 
-‘ a x 3 if (A-8) holds , or

(A-il)
f ( x )  (a + a ) x 4 if (A-9) holds ,

where a~1 and a are cons t an t s .  In the former case , ~~(a-/2n) would
contain terms respectively proportional to R0

3U7~~
6 and R 2U 6w 3,

and in the latter , the entire P(w/2-i~) would be proportional to

R 3U7e 4. It is possible , however , that (A-b ) is valid more
genera l ly  ti -ian (A-6) - (A-9) or t ha t  the reverse is true .

if ( k / c -  is not small r e l a t i v e  to u n i t y ,  where c is the
speed of sound in t h e  f l u i d , we must  relax the condit ion of incom-
pressibility. L i k e l ) forms cam-i once again be proposed for P( c~/2-~) ,
but we r e f r a i n  fro ; - !  such d iscuss ions  here . It s u f f i c e s  to observe
tha t t h e  quant  i t y  L R / c  nm casures  the importance of the comp~ es—
s i b i l i t y  e f f e c t ,  hu t  the a c t u a l  th resho ld  of impor tance  of th is

— e f fe c t  mu .~ depend on a numner i ca l  coe f f i c i en t  whose value is prt~-
cntly accessible only to experiment .

The s u r f a c e  bounding the TBL has been imp l i c i t ly assume d

abov e to be smooth . Suppose ins tead the area surrounding the ele-
ment is densely roug h w i t h  c h a r a c t e r i s t i c  roug hness heig ht h such
tha t h 6v /v~~, I.e. height h rather greater than the  depth of the
v i scous  sublayer  on a smooth s u r f a c e .  In th is  event , we may expect
t h a t  wherever v occurred above , e . g .  in Eq. (A —i ) , i t  should now
be rep laced by hv *.

~~~~~~~~~~~ c o n s i d e r a t i o n s  ind ica te  tha t , apar t  f~ om ceR /c .  the !
quant it y (v

*/
c) (c R~ /tJ ) m a y  de te rmine  t he relative’ mnagnitude

r of the  c o mn p r e s s i b i l i t y  e f f e c t .  

~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.- 
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