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. preseﬁt 1nstrume t technlques; we chose DISA hot fllm
anemometry equlp ent, and set up a,three channel system. for.
. @

_SLmultaneous three dlmen51onal measurements.a The lnstruments

. ' RESTRACT ' T I RV P

3An 1nstrument system was deVeloped to measure

~ yh
oceanlc turbulence from an und rwater habltat 1n subarcti&

waters of £ the efast of Newf.undland From a llteraturei - B

v !
search of ex1st1ng experlmental technlqﬁes and 1nstruments,
it was seen tha there ‘was'a 1arge number of 1nstrument

systems dapable £ measurlng turbulence, but that most were

1mpract1cal W1th ut further development. (After analy21ng
.A‘ : ‘,. (‘N'j Lo .

;'were operated from the habltat LORA l by SFUBA dlvers who

vt e~

turbulence. lefléultlES'WLth the two batterprowered DISA

also carrled out Rh@damlne B dye studies to delineate the : .

1

"u\\\\ X - anemoﬁeters subsequently reduced the system to one channel

¥

1

whlch used a DISA 55p0 L anemometer W1th a con1ca1 probe.
AN

.

Two experlments Gere performed and prellmlnary analy51s was

presented tOAdééonstrate the capablllty of the system. The

\,_, .
. ’r‘ 23 - . -

data was oompremlsed somewhat by problems assoc1ated Wlth

low mean veloc1t1es and dscrllatory velocities from wave

actlon, but spectral analysrs showed the characterlstlc —5/3

ree b
AT

slope and gave VlSCOUS d1551pat10ns of about 5 X 10 =3 cm /secy/\§¥*~<

' w1th turbulence 1ntenslt1es about 0 A In one.caseL*the, PR

i.o®
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DIsSA hot fllm equlpm nt is entlrely satlsfactory

for" oceanlc turbulence measurements.
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1. - - ' INTRODUCTION
’ t )
, * Th  ability to study turbulence in theh-world ocean

, has alWays lagged well behlnd the need to understand 1t.

¥

:\ Turbulent eddies, occurring as random fluctuations of veloc1ty

Iy r
-5

‘,-a\t‘:n

1n, a contlnuous range of 51zes, frequezles and energles;

/domlnate many oceanlc processes of 1mportance t'o man. At

) ??“ ' scales of many kllometers,' eddles stir 1arge_ walter masses

: , w1th motlons that per51st for months. . Sdmultaneously, srna-ller :
O/ ‘, fluctuatlons reduce concentratlon gradl—ents of the dlfferlng ‘." -

i flu1d bodles untll at the smallest scales, eddies of mlllJ.— L .

meter 51ze are dissipated by v1sc051ty, 1eav1ng-molec_:ular

: actlons- to complete the ultimate dlffu51on7 -In this Way"
‘suspended “and dissolved materials such as sediments,: .p.olliltants

..and, nutrient's' are dispersed, and _the'dens_ity, 'salinity' and. _ o

" temperature of differing water masses are mixed.

The analytlcal descrlptlon “of turbulence is so

. ' complex, in fac.t, essentlally unsolveable,-,an:d the range
j—o'ver-«which turbulence appears J'A.n.the. sea is so: vast,"_that our
‘;ixn‘ders'tanding of the. pheno’mena is incomplete.' Large gaps >
ex1st in our knowledge of the nature of the turbulent stresses
' that apply drag forces to ice sheets, and the mechanlsms 1nvolved
in the transfer of energy -at the alr-water 1nterface. Even ‘
‘the nature of the generatlon and decay of turbulence is

poorly understood A e -



-

I . N ) . <

'turbulence research w1th specral emphasrs on Arctl 3nd

There is a: need for basic theoretlcal knowledge of

turbulence and for a. detalled descrlptlon of J.ts occurrence

-"and effects. Theoretlcal studles are- best performed J.n the

) prec1sely controlled env1ronment of a 1aboratory, not 1n a

d:.ff:Lcult marine env1ronment, ‘SO it w111 be more rewardlng

Q

cat th1s po:.nt to mount a program o accurate quantlflcatlon‘

» . "

and descrlptlon of ocean ~,turbulence by :;.n—51tu measurementls.‘

. 7 *

UntJ.l the last several years, J.mrestlgatlons of
ot

. oceanlc turbulence were few and sporadlc becaus J.nstrument

,technology was not suffrc:.ently advanced to cope w:.th the

hostlle marme env1ronment. Now, a rapldly expandlng :
\

1nstrument capablllty has created a. .1arge range of devrces

'able to measure turbulence. Sorne of thJ.S equlpment J.S Stlll‘ )

-

under development and some is only sultable for use’ in

-laboratorles. ,At.Memorlal Um.versrty of Newfoundland, B

Facnlty of Englneerlng, we hoped to beg:.n a program of ocean T
" ) (('}A

underwater appllcatlons.l In this 1nstanc‘e, the exy

would be conducted from the unl'

' LORA 1, wit' divers handling thé instrument system.
'-Wate'r.‘ét‘érri‘ffératures around - loc for s_i&)norrfﬁ% and. seasonal

ice cover f‘would prov1de unlque“opportunltles for measurement.ﬂ

s . 4 -

- : )
B

ity 's underwater habitat ./ :
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'u51nq hot fllm dnemometr} as the basic sensors ‘was mounted
~N

‘Shlp. The abllaty to 1nvestlgate large areas’ can, be ‘an

_advantage, but shlp and cable Totlon 1nt£\ﬂuce false 51gaals

”the transducer 1s requlred because of the tow1n? speed If

'jturbulence 1nten51ty u « 1, as H&nze (1959) explalns. “This

”can be an 1mportant constralnt in experrments where hlgh

- - X .
- o @ ,p‘ .
-4 ° A
' v
2. - - .. . STATE OF THE ART, I K
2.1. - Experimental Techniques . - ERUE T AT
P o d T SR T Loete
&“ . '. . N . - . , ~ . . - - u.' ,

-fPreV1ous ‘ocean turbulence experlments seem to fall

L] ° '- -

"into four basic categérles. Flrst there,are the well known‘

-, » ~

' tow1ng tests, ‘of which Grant, Stewart and M01111et s work

-_l1968) 1s the classic example Thelr 1nstrument package,

-,
o, ..

- , .
. '
¥ . e
’

in "a sophlstlcated underwater hou51ng and towed behlnd a

2

LY 4

£

4

RN
and make prec1se p051t10n1ng of the 1nstrument dlffrcult :

] [ s

The sensors’ also,tend to.. collect mlCIOSCOplC detrltus whlch M

) 'affects thelr operatlon, and a hlgh frequency response 1#”

"

"the tow1ng speed U of the probe_is large enough the veloc1ty

51gnal u(t) can be 1dent1f1ed w1th u( ) ThlS hypotheSLS,

e
s

-:known as the frozen flelq approx1mat10n is valld only if the

AN

~ -

.turgulence 1ntens1t1es “are found Neverthgless tow1ng tests.

_.are capable of generatlng exCellent data,gas attested to by

...,._.

the recent work of Glbson et al (1973) and Nasmyth (1970)

. TR . T . o .- -
.. ) . ] ' ' . . °
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?@hby useq arrays df towed heated sensors to measure
. j T
turbdlence 1n Upper layer coastal waters. Both 1nvestlgators

. .. -

concentrated on spectral analy51s to find dr551patlon llmlts
and to, relate ghe temperatureaﬁleld to the veloc1ty field=-

Nasmyth 5 work also 1ncluded 51multaneous sa11n1ty measure-_’_
ments upon whlch spectral analy51s was performed “The I;;F;?.
sallnlty deasurements allowed h1m to’ descrlbe the tufbulence _
structure completely. ' ' '; : P L_:i

9. : : . -’/

i . . , .
A - . . . ! . r

", [N . a . . ’ .o
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The second technlque entalls plac1ng a cluster of

" tUrbulence sensors ‘at the peint of 1nterest by suspendlng it.

'l

Lo

. a3

-

0o .

“'on a taut buoy or "lowering the assembly to the bottom. . Both

¢

_variahts are n w,well.documented. For example, Russell

{1973) used’arfarray of moored current meters to delineate

9 . ' . o N PR
a .

‘the,large scale eddy structure of~thé'LabradorzCurrent.

' Bowden (1956) 1n hls classic stady, placed an electromagnetlc

v v R 4

transduoer on the bottom of~a t1dal estuary to measure

LY } . . »
l

turbulent Refholds stresses,. These instruments are usually

~ .
< hd

orlented 1nto the mean fldw by a vane apparatus but the

: response amblgulty of. the vane 1s a practlcal drawback to R

'.the.technlqpe. Even w1th such'a llmltatlon, fixed lscatlon

RN [

experinents give very good resultg—" « . . : -

N
LS

v
-~

The thlrd technlque requlres the experlmenter to

dump dye 1n large quantltles on surfaCe waters and.mbnltor .
e e . ] :

» . LI . . - % ¢
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S f 4 . , ,
the large scale dlffu510n by ‘means~of - aerlal photography

Alternatlvely, the tracer can be 1n3ected via an outfall

and 1ts dlsper51on measured w1th some su1table technlque.v
s
For example,‘Takeuchl (1973) used an 1nfrared 11ne scannlng

2
=] -

TSRl

r

-
N

I‘

.system ‘on an alrplane to measure the dlffu51on of heated

‘. '.

zeffluent from an‘electrac’power plant. -

&

STty

FJnally, dye methods may be- uSed to dellnézle small

“h—--\.?.

,,1§Ca1e turbulence.» Woods (1971) used a. team of CUBA dlvers.

—— _,-..‘

A

%o photograph tralls from dye pellets, w1th 1mpress1ve

'7.'¢esults. He actually photographed generatlon of turbulencel

; precise,data7 but the,sensors must be oriented properly into

q . {

?rom the "breaking of an interhal wavet . , Lo
/:’izil ‘l . .

7

[72 ﬁ. Class1fy1ng previous experlmental work 1n such a way

helpéd to Optllee the research program descrlbed in thlS

report. leed 1ocat10n transducers take recordable and

the flow; positioned.accurately,aand positioned in an area’
of interest. This .is difficult to aChieve by\remote-control,

but SCUBA divers: can accompllsh these tasks.v In addition,-

. human observers lend flexlblllty to experlments. Dye stu?iés

w1th dlversa Tone yleld rather genera \and subjectlve data,

a8

but w1th 1nstruments at hand to quantl-

the data .such

shortcomlngs.are resolved. Wlth a fac111ty such as- the

s

g

-
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habitat LORA 1, a. combination of.SCUBK aiving,”dye studies

and fixed location transducers offereéd a high probability of ’

j~1
.obtaining.good resu}ts from a large numberlof ERperiments.
’ o] & . . T

P
§
+

- .. . .
gitgz.z .Instrument Techniques

»

PR

Generally speaking, transducers for'ocean tnrbulence“
. have_ebolved'from-water carrent meters and from air turbulence
eduipment; So’on one hand we must attempt t0'improve:the
speed of- response ‘and ?patial resolutlon of a'current meter

perhaps fundamentally unsuited to our needs and on the other

. .
adapt an air technlque to resist corrosion detritus, wetness .

!

- and pressure. Only in a few cases has instrumentation been
initially designed to work in armarine,env1ronment, and .here,

Pl

the teghniques'are new and unproven. o ‘ o L~ S
_The newness of|the‘fielo-probably contributes'to'a.j—ff‘j\f\\
confusion ahdut definitions of system performance. The most
« ‘common’ and useful terms such as spatial resolution, frquéncy
**resolution,lresponse time and-threshold veloc1ty do not
seem_ to be uniformly deflned in the literature although S
pre01se deflnitlons do ex1st. Since few authors mention the

definitions of these system parameters, i 1iterature survey

cannot present: a uniform set of conventions, SO descriptions



o

presentedvherein must be noted With caution.
It appears that in the sea, stationary instruments’

sensing velocity fluctuations yeed not have a“frequéncy

responding capabilityAgreater,than 20 hz, although for

towing tests a frequency response of about 1.5 khz seems

heCessary because of -the high towihg speeds."At the

approximate'cutoff limit of 20 hz thp eddles have a

'characteristic size of a few centlmeters. Any smaller

-

,eddles that do ex1st are affected S0 strongly by v1sc051ty

that no apprec1able kinetic energy is left in. them. Never-
.,

theless, as Gregg (1973) points out, the residual motioh of

eddies smaller than the Tutoff can still stir. temperature

dlfferences to an approx1mate llmlt of a mllllmeter. These

11m1ts deflne the u1t1mate resolutlon that an instrument

measuring either" velocity, sulinity or temperature muSt be

capable of. Experhmental results generally support this

hypothesis in the case of veloc1ty and temperature fl@lds,

" but no transducer has yet beeﬂ md&l able to resolve the

salinity cutoff limit.
: pe ,

As mentiorfed before,”the largest eddies of salinitys

temperature and velocity are bounded.only by the size of the

e
. ' C ! . . e e
basin in which- they are found. This gives a characteristic



tlme scale of months&gnd a length scale of many kllometers

for. these eddles. Wlth Such a large spread of scales,'no

- -

s1ngle turbulence measurlng system can be successful over

~

Hmore than a‘ilmlted range.-’“

- . . . . ' .

. a . . . l S,

- f >
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©2.2i discrete particle techniques

Turbulence measurlng techniques may be cla551f1ed e
‘by the Lagranglan system where the flow 1s marked and followed

or by the Eulerlan system whereﬂthe flow is measured by a

statlc transducer at a fixed p01nt. ‘ s N

id . . ' ' . - . . h .
All Lagrangian téchnidues degend on the injection

of some contaminant into the flow, and the subsequent

tracing'of the contaminant.‘ The well known: technlque of
*.

flow v1suallzat10n using bubbles 1onlzed from platlnum

N

wlre'could be extended for use.ln the ocean,‘although 1t'
. seems not to have been:tried. Donohue-(1973)'demonstrated
_;that'the“technique was“useful"in depicting boundéry layer'
turbulence in drag reduclng polymer flows, but‘found the

wlres worked ‘better in pure water. In the ocean, one would

have to overcome problems of corrosion, detritus and lack-of '

a COntrastlng background.
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' Da.screte partlcles 'and high" speed photography have

been used by Snyder et al (1971) and Kennedy° (1965) for

~-

to a dlscrete tlme serles of a few p01ntQ\ along the partlcle-'

trajectory and to rather cumbersome data pnoce551ng

’

technlques. Spatial and tempora-l resolutlon ‘are determined -

malnly by particle dlameter, camera field of v1ew and camera-,

repetltlon rate.“ To av01d the drawbacks of photography, ,

i dones et al (1973) used radloactlve pellets as tracers,

7

4 -.obtalning continuous . anal'ogue'signals; Although much

“

P development work would be needed to adapt thls 1ast system

\

to underwater_use, it is concelvabT that the photographlc

A ) ‘ . : -t - - “‘
.experiments could ‘easily be carried out .in smtu..' S

W 92:“"““
g

. 2.2ii ‘dye

It is sxmpler to work W1th dye than w1th dlscrete
partlcles,‘ and many experlments have been undertaken u51ng
Cit to 1dent1fy turbulence at 1arge and * sma[l scales. °." .

Sternberg (1969) used dye to detaJ.l small scale boundary

r

- layer features near the sea bottom at great depths. Three b

dye streaks were used, .each. a dlfferent colour, ‘S0 that a

"3
/‘\ ve10c1ty proflle of the, bottom 1 meter could be bullt up.

[T,
v R

turbulence studles 1n the laboratory Their technlques lead



¥ and drag coeff1c1ents were reported 1n that paper and

publlshed.ﬂ ";' S : L

. . v
< [}

.Only 1nit1al results such as d few shear stress estlmates

. -

~ -

surpr1s1ngly, no further experlments wlth it have been

LARNY

. L N f e .

~'Ha1e'1197o 1971)-and'wOoas (1971) both used.scuBA;ﬁ,°°

'dLvers to’ obtain dye observatlons around thermocllnes. 'Hale"“

‘_experlmented Wlth llquld dyes 1njected hor1zontally lnto

. water layers from_meterlng and pumplng equlpment mOunted on

a tower in’ Lake Huron. Initial ‘work was carrled out to

tanaly21ngAtheAphotographs.

- ]
’

'develop dye darts to mark a vertlcal column of water, but
w =
it was Woods who obtalned great success. with thls technlque.

Instead‘éf llqu1d dyes,,Woods used dr1ed chemlcals compacted

1nto periet form. ThlS gave a 1ong 11ved and unlform trace,

\ .
' w1th the added advantage that eddles 1n the Von Karman vortex

street shed by - the pellet could be used—as a: linear scale 1n

T e
1
" - . -
- i - LA
! P

- N - . .
~ -

For many 51tes, however, there are serlous practlcal”

‘

’yllmltatlons to small scale dye studres.- V151b111ty 1s

, S
;often too poor for good photography.} If the turbulence

'1nten51t1es are too great, as often occurs ln the near shore

B \‘-‘5;‘
environment, then ‘the dye will dlffuse rap1d1y 1nto a large

-pale blob. Dye studles at these scales are best when the
'water column is stratlfled and 1nd1v1dual phenomena such as’

internal waves can be dellneated.. o I

.
s o
‘ )
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Such dlfflcultles d1d 1n fact occur in our work

and were the major reasons for our not pursulng dye studles
!

past prellmlnary stages. At the habltat 51te, v1sib111ty

llmlts were less than 10 meters and the Rhodamlne dye became

1nv151ble after 2 or 3 m1nutes. Nevertheless, 1f -

.

(sophlstlcated photography technlques such as h1gh speed

.rlgldly mounted stereo cameras were employed thlS dye work

At

could have been taken much further, wlth the results

_": orlglnally hpped‘for.‘.‘

'In a typical'experiment,'three diversvwere needed;
S ) ) .

. one for photography, one to 1nject the dye via a syrlnge _L

&

through a meter long tube to a needle mounted on a stand,_

3

) and one to folloflthe dlffu51ng blob carrylng a scale to:

be photographed Communlcatlons among the three dlvers,

operatlng hand held cameras through k 1nch“neoprene mittens
- I S

requlred more Sklll than was 1n1t1a11y avallable for

«SClentlflC results to be obtalned. Woods (1971) who has

7y

done the best work in " the fleld used profe591onal Navy

Idlvers.

o -

Another dlfflculty W1th the technlque is- that dyes

.are very messy, even w1th sophlstlcated handllng systems,'

l

u51ng only hand srgnals, were dxfflcult. Dangllng scales and



Yoty =13 -

-
-

and the smallest frop that'is spilled inside the habitat
quickly stains large areas bright pink. A'considerable
amount of effort is needed, tnen,'to'deuelqp'this

‘potentially usefulitecnniQue. o - A N

hhedamine'B dye.has‘been used extensively_at'larée
scales, as mentloned prev1ously A number of reeent papers
at%Qsts ‘to the cont1nu1ng usefulness of the technlque. |
vtBowden (1973) reports on a large numberaof-dlffu51on studies'
in the lrish Sea, where both vertlcal and horlzontal
. spreadlng rates were observed and felated to wind, tldal
currents and env1ronmental parameters of stablllty.l
Kullenberg (1973) has performed a 51m11ar set of’ experl— '
ments with Rhodamlne B dye, flndlng that the dye tended to
be located in layers w1th very sharp boundarles and a
'nearly‘hom?geneous vertlcal concentration dlstrlbutlon.'
S . N ) :

2.2iii propellor .

“ ., For Eulerian measurements of Veléqity, temperature
" and salinity, a large'number of instrument systems*are now
-'in use. Propellor meters are commonly used for veloc1ty

rlUCtuatlons, and cover the entlre range of eddy SlZeS.

.For measurlng scales of several kllomeﬁers, large, slow

- AR T o Lo




.relate the large scale eddy structure to iceberg movements =

‘stratified ocean, turbulence is clearly-neither‘homogeneous'

‘responding, commercial current meters are suspended on taut

[ . T Yoa

mooring lines.. Usually, the current magnitudé'and.direction'-

‘are sambled intermittently, and the'packaée'must be

retreived to getithe data « Althbugh this is .one of the

' oldest technlques for measurlng veloc1t1es, equlpment

rellablllty is Stlll 1n need of lmprovement.i Russell S. work '@

i (1973) in the Labrador £Lurrent 1llustrates some of the o ‘[%;

pltfalls : He used an array of - moored current meters to

but several of the 1nstruments failed to operate. Cruise

echeduling.usually does not allow for seoond attempts and

ﬂ often does not allow for long enough stops to obtaln adequate

data from such slow recordlng 1nstruments. .In a serles of

'experlments u51ng similar 1nstrumentatlon in- the Gulf

. “

'Stream, Webster (1969) obtained  enough data for extensive

spectral analysis using standard three dimensional turbulence

~ theory. -This-iLlusErates a fundamental.problem with all

experiments at large scales, The assumptions of homogeneity
and isotropy are implicit in most-analyées, but in a ‘ ' RRE
» . . . A) . R t\
nor isqgtropic when we deal with eddies that are kilometers
-~ B s L} ,, & - N o i
in -size. With present theory, all we can do is note the .

problem and proceed as though“it does not eyisﬁ.j.f °



At intermediate sqales such as those_found in-tidal‘

estuaries, pivoted vane current meters are used to. align

et

automatlcally w1th the mean fl&ﬁ‘ Cannon (1971) measured TR

J__."-__*.‘,, 3

v .

klnetlc energy spectra in Chesapeake Bay for several 50 C .‘;Lx

’hour experlments using- two meters at ‘right angles to each

-

other. Slmllar 1nstrumentat10n was used by Gordon and

-~

Dohne (1973) in Chesapeake Bay, w1th:empha51s on Reynolds--
SN

stress analysis. These meters have response times around <1

-
-»

second, with the plvoted vane responding in about 1 second

ar

Size resolutlon is 1}mited to approx1mate1y 1 meter., e
Cha . L- A

iu

o= ..
o, _.‘.
! '

_ Eorlsmall sca&es, only one.lnstrument has been
developed that uses propellors. smith (1970, 1972) has-'
modlfled a mlnlatureﬁpropelIOr current meter . to respond to f\f>;
turbulence. The’ propellors are 3.5 cm in dlameter and
directlonally sensltlve,rwlth a threshold veloolty below
1 cm/SQE and a frequency response up'to lb hz. A triaxial.
array-or these meters was tested extensively in a:tidal.'

‘estugry and‘thenfused successfully to measure turbulent"
stress below 1ce'1n the Arctic. Desplte pcssible difficulties'
W1th foullng in areas of heavy blologlcal contamlnatlon,.“g " '

‘thls system would have been.our choice for the habltat

Experlments. Unfortunately, 1t 1s not available commerc1ally.~‘*:

- . ————

0y .




2.2iv leiectromagneticr

The state of the art‘for electromagnetlc 1nduct10n . o Y
/ .

Vo .

transducers/&s 51m11ar to thatwkf the propellor meters. ‘A . T
“’large number of commerC1a1 eleitromagnetlc current meters

have recently appeared w1th some eystems clalmlng -to have

>

response tlme5$;OW“enoughl(,2 sec) to*be.useful‘for smalLufTv
'scale %urbuleﬁc% : This‘type ofwtransducer might be o

'superlor in pnrpc;ple to" the small propellor meterS'

_because it has’ no. mOV1ng parts to foul.. ' The mode of S

4 - RN

,operatlon is: descrlbed by Faraday s law of electromagnetlc
. W .

'1nduct10n, that electromotlve forces are 1nduced 1n a

Y

conductor mov1ng relatlve to a magnetlc field. At the t1p

_of the probe is a c011 Whlch generates -the: magnetlc fleld.

Electrodes farther down the probe ‘sense the ‘variations 1n
,'.the fleld caused by changes In the flow.' Probes.are
typlcally\\o cm in dlameter, thh a zero threshold veloc1ty,

.and are able to sense two perpendlcular veloc1ty componentsz/

’ ’ ' " ) - ) - g . - 'y - .
- . Our experience with one of ‘these devices, however,
has ‘been most unsatisfactory. ‘It proved to be much slower
v ' R4 Lt ) R - . LN .

~‘innres§onse time than was claimed and:generated so much o L
electrical noise as.to be useless for turbulemce work. After-
a few hours operatiohl it'ceased“ﬁunctionih§t=BThe manufacturer,
. , . P o ;

- SRS o : o

A
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Englneerlng Phy51cs Company (EPCO), would not, provxde
”adequate serv1c1ng of the 1nstrument, so-it was not used

-

. tA - f;, again. R I '
- R . Appell .and wOodward (1973) of.the National Oceano-'
graphic Instrumentatlon Centre 1n\the Unlted States had
'151m11ar problems. They carrled out xtensive tests on the
'5same EPCO'meter, noting that boundary layer changes and ‘
2 .'u;-air bubbles affected the readlngs. Due to the shape of thewﬂ

'robe, the angle of flow in the horlzontal plane of the ‘ ﬂ;

-~

” 1ectrodes could cause changes - in the pnedlcted output as‘
// 1arge as 10%. Vortex sheddlng was found ‘to 1nduce '
Qiy/j v1brat10n at high veloc1t1es and 1ncrease the output by 20%".
i // ,?? Appell and Woodward conclgded these meters'are "1n an

'advanced prototype stage of development"

. ‘v ' . .
+ . . ' ‘ l) i
' : y T

Desplte the potentlal of thls rugged and sxmple 1

transducer, development 1s taklng a 1ong t1me.~ Faraday

L2}

hlmself attempted (unsuccessfully) to use’ the technigge to -

. ra
“}measure velocities 1n the Thames Rlver durlng a tldal cycle.

.

Kolin (1944 195¢T“d1d much %esearch in developlng g o

'+« electromagnetic flowmeters Then Bowden S‘ClaSSlC work of .

< o

r . .” | t#rbulent Reynolds stresses in a t1da1 estuary appeared 1n T
1952, After another report in 1956 u51ng his electromagnetlc
°dev1ce, the concept became dormant and no/further experl-_t"

ments have been published. Mih (1973) “has develbped an

-

b
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electromagnetlc transducer (or/magnetohydrodynamlc e
.” . Y o ) j'ﬁ

v .

7§transducer, as hescalls it) whlch 1s capable of resplv1pg .
S ’ I'd .
SR ' lyelocrty~ﬁluctuatlons around l mm. However, the probes Ln‘%W

A ‘. ' KR N g“’
' this system were only the sensing electrodes - the driVing-

c01l was approxlmately a meter in dlameter, surrﬂundlng the’

£

J

Much work would be needed to adapt hlS.

- < . -

channel flow

partlcular system\tf the ocean env1ronment. e te_ e
't . . 1 . ’ . . : : . - P

bt : . . L . . o ¢

2.2v  “Vortex’ Ha ' S , ‘ : -

'
¢

oY : S TWo' other dev1ces whlch offer p0551b111t1es for

- . e ""‘
';oceanlq turbulence researgh are vortex meters and flu1d1c N
. LY " . N i
Wmeters: These are as' 51mple and rugged as the electro-‘
‘ magnetlc current sensors, and with more development could

N

e : prove useful.u The vortex meter operates by pa551ng an‘

Co e - £

R .'ultrasonlc beam through the vortex street shed from a. f A o
cyllnder, and sen31ng the modulatlon frequency caqsed by
”the vortlces.p Appell and Woodward (1973) found the - -

.commerc1al dev1ce produced by 3-- Tec to have a threshold ..
- . v ' : .
- . : veloc1ty between ;l'and .2 knots. Below that speed no .

L] . -

vortices wére formed. 1In the range 2 to 1.5 knotsy :the
' . . 1 - (7

. ' f sensitivity decreased by’lO%,—probably because the vortices
did not modulate the acoustic beam properly. *This was

noted when the meter was rotated within the horlzontal plane

N

. ’.r‘,_ Cr
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: up. to angies of + 30 Proper allgnment 1nto thc d1rect10n

.
'

l}”; _ %.of!the flow is essentlal The J - Tec dev1ce coulq R

’ ,:f-?ﬁé.' y{concelvably dlecern eddles of the order one centlmeter,' _hi'

’f@'f{fh-i' although it has not yet been used for turbulence work :
';:ZEA,ﬂ;tf' Clearly, dgvélopmentel work is needed for the vortex a
S f~trensducer.7” T d ‘:i_‘r'. L ;" 1f-' C

. 2.2vi  fluidic - © o '1 © L .
S : A recently developed devxcé callcd'a fluldlc veloc1ty
};q{-i“'lf" sensor'offers -the p0551b111ty d? a low cost low veloc1ty -

Lt anemometerm Its operatlon is based on a free unbounded jetf

[

ﬁ;K, of fluld 1ssu1ng from a nozzle onto two total head plckup

RO :i'.%%bprts;n“Anytamb;ent flow'travelllng.acrose the jet causes
| Q,ﬁiltfto deflect;su‘,fthat.the differentielﬁpre;sure acroes theﬂ:
; ; "tuo-ﬁickuﬁ ports: is changed %nd is'regiélered by a pressure;.e
° x.‘, sensitive’neterl ‘The. worklng fluid is the same a$ ‘the
= . .l.amblent fluld eXcept that it re flltered 'f '_':.f ' -.-,;'.
L '=; flthough the concept is’ very promlSlng, 1t seems as ' ‘
. : j thoggh few researchers are 1nterested in 1ts potentlal. The

-

. oL niy papep thattcould be found on the sub]ect is by Allen,

o 5. S;nghn@nd Bray (1973) who reported 1 work on OptlleIHg
RN E H ) o J'-"°' o
- L ‘. L
, :\q_ B . : 0—" -
-~ ' . _. . \, 14 ': ‘_"“ ‘:“\ " ' ) [N
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the plckup port conflguratlon.. A:Cahadiah company; : .i‘-_

F1u1dynam1c Dev1ces,-1s marketlng a transducernclalmed to

resolutlo"of'a few centlmeters. Slnce 1t was de51gned as

LI

been glven. “In- 1s type of traneducer, frequbncy responsej

' -is‘a”funotion of the jet veloc1ty, jet length dlstance

'.betWeen plckup ports and 51Ze of plckup ports related to

" transducer has great potential.

"\ - J» r

~ 2,2v_ii.?{)ppler I

dlameter of the jet. Kn0w1ng that the probe dlmen51ons are

-JL‘

- small and the jet veloc1ty hlgh, we cﬁn guess that the

frequency response w111 be adequate to an upper*llmrt of a

few hertz. Personal communlcatlon w1qh Fluldynamlc Dev1ces'
has 1ndlcated to . us that the systems has performed ' b

G

'satlsfactorlly as a current sensor in the sea. Bven thouqh'

. fmuch development and testlng 15 required before these

b

senSors are useful for oceanic turbuLence study, the fluidie

fAn.ihportant class of turbulence,meters:ehploys the
Doppler shift principle: A radiated souroe'of energy,
: o L » N ‘ L ' ]
focusséd at the point of interest, undergoes a change in

¢ ‘ d
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AP

freqpency upon reflectlng off suspended partlcles ,The‘

ba31c equatlon descrlblng thls ghenomenon is , L
i 'fblé;%:(es —'éi?‘
\where £, = Doppler frequency ‘ |
;;,= wave length d}’lnc1dent radratlon
. i N
v = veloc1ty vector of partlcle
e, = unit vecto; of scatteted beam:>
iei'='uhi§ vector - of incidenp beah} o

1] > .
[ . .

‘u

' . Doppler anemometers using lasers as energy ources. -
--POPE rs g Lasc : _

are present

'veleciéy se

‘unquestlona

-

ly the subject of intensive research} and stveral

“laser and hot fllm anemometry in- separatlng

flows They conclude laser anemometry can

tp have ﬁot-yet,been investigated. The
. Y. . ' ' 2

dvantage of laser aheﬁometry;is the lack of

b\l\«




-_whlch he used to medsure the spectra of Eavé pargiole

ey -
L}

>

“‘I\‘

In laboratory flows ‘the emitting and receiving(
subsystems of the 1aser anemometer'can easily straddle a

glass walled flume, but these subsystems are cumbersome,

/\
complex, dellcate and requlre high power and good allgnment

-In. the habltat arEa, with heavy brologlcal contamlnatlon, it .

would be a boon tbljuse an 1nstrument that depends on the

partlculate matter, buttthere are many. ocean areas_where

the sys tem would fall because of . water clarlty Laser

1

anemometers have yet to be used in.the seaf 2cause of thé&e

dlfflcultles.

V'; ’ ’ 0 ‘ N ", ) . ’
The use of sound energy would seem the logical
alternative choice to circumvent the problems of lasers, and

a well developed ocean accdustics technology has been~used

- to produce’several experimental acoustic Doppler -anemometers,

Sending and receiving transducers are mounted .hear the same

p01nt and the sampled area is progected some tens of .,

centlmeters ahead of the 1nstrument.’/There 1s, of course,

4

‘no flow dlsturbance, and this is one of the 1mportant-reasons

SO many researchers have recently been: 1nvestlgat1ng acoustlc

systems. Ta1ra (1971) eveloped a three dimensional system

o . > - ) 4

velogities. Some discrepancies between his results and

-theory are probably caused, by the same instrument-probiems

that have been noticed by'others. .Wiseman (1969) desoriBed

e
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-low signal to noise ratips at low particle contamination .

leveIs,'a.problém similarly found with laser Doppler meters.

This miéht make low velocity fluctuations (2 1 mm/sec) hard

. to measure. Appell and Woodward (1973) add that calibration

vlS difficult because of reflection of acoustic energy from

K] Y
the basin walls. Care must be taken to p051L10n the unit so

“ 'that ‘sampling in its own wake is avoided. Nevertheless,

thimism'prevails about the possibility of acoustic Doppler

anemometers,'with'Bohlen'(1971) citing an easily obtainable

"spatial resolution about ‘1 cm, ‘a2 "high% frequency_resécnse

and + .5% accuracy over a range of 40 cm/sec. With more

development, this will ‘be .a useful ins ruﬁent.

: 2 2v11 optical forward scatter

[

A varlant on the laser Doppler technlques 15

. v .

'reported by Liu and Karak1 (1972) They. des1gned an opt1ca1

system which measured.forward scattered llght from :
particles in a turbulent.air;stream. lt comprises -a light .
source, a fibre opticilead and lens, and a photomultiplier

tube.’ Concentratlon fluctUatlons in the fluld stream cause .

dlfferences in the amount of’ light scattered, whlch is then

.related t0‘veloc1ty.~ W1th a sampling volume.of apprOX1mately

4

° -a‘mm3 and a freqdency response comparable‘to'a hot wire

anemometer (e~ 30 khz), this-instrument could prove useful in

’

the oceans if reduced to ‘a compact package.

o~

\ ‘ . .
- . e : .
ot N : . - .
- : -
« : J



2.2ix hydrodynamic A L
. » [ - 0 . . -
The hydrodynamic aspects of ocean turbulence have -
been e}ploited b§ lift and drag transducers. Triaxiqli

measurements of turbulencé in the sea—air intenfacefzone
. "’“

f.u51ng a spherlcal drag probe were carrled out by Smlth (1970)

and then turbulent ‘wind forces on Arctic ice. sheets were
measured by Banke and Smlth (1973) u51ng the same ¢
lnstrumentatlon. The‘concept was so-successful that Earle‘_
' et al (1970) modified it foi use'in'the oceans. Their
transducer is a spheré’about 7 cm. in dlameter, whnch is
‘flxed rlgldly to a probe holder. A. sllghtly larger sphere
" is mounted around thlS first sphere, and’ between the two )
. are compressed sponge rubber supports. THe rubber prov1des.
| eurestoring‘force.so that the.dispiacemegtmof the outer
sphere withhrespect'to the inner oﬁeiis propdrt@onal~to the
force applled to the outer’ 'sphere. Threé small;:mutually
perpendlcular ferrlte discs ' are. mounted on- the 1nner 51de of
the outer sphere and their impedance relat;ve,to sen51ng
'coils'on'the inner sphere‘is a measure of.the displacement 1

from hydrodynamlc drag forces.: Spatial resolution is a

relat1ve1y~large'7 or 8 cm, and the frequency response is

3db down at 40 hz. Calibfhtlons of the instrument were per-"

- formed in flows with-velocities from 10_to 150 cm]secl No

L 2 N N . " . . N ' -

Sy

54
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: sea.' The technlque employs a ‘tiny axl—symmetrlc‘slde force

'affect ik, o e ‘f o -

‘report “has yet appeared on the use of this interesting

transducer "in the sea, which suggests thét'dt-is probably

still very.experimental.’ A

Slddon (1971) descrlbed a hydrodynamlc llft probe -“{5
capable of measurlng turbulence, and Slddoﬂ and Osbornea
u" q,

(1973) reported its use in a freely falllng ;nstrument .
2 T, ~aT b

”

package dellneatlng the small scale veloc1ty fleld 1n the
:

sensor which is exposed to an oncoming flow directed along

“the probe'axis A moduléting side force is impressed on I

the dev1ce as 1t penetrates the transverse veloc1ty fleld

‘The force is then detected by maklng the probe nose plece

of a moderately flex1ble substance 'in whlch 1s embedded a .

"plezoceramrc bimoxph beam'llke those used-as.phonograph .

pickups. Two components of turbulence can be measured, ‘with
a spatlal resolutloncaround 2 cm, a lower frequency llmlt
aboutw 05 hz, and an upper frequency 11m1t of about 16 hz.

ThlS llft probe could become’ an 1mportant turbulence 1nst-

L]

}“rument -because the response seems Well understood the

dev1ce 1s\ka1r1y rugged and plankton coétamlnatlon does not



“.

' structure in the ocdans "is much less developed. than for

© velocity.

2.2x1 "7

,éﬁgftrlcal conductivity.

f»«l,l_

2.2x pressure. -
Kostiuk’et al (1971{ have designed a pressure

.transduber for use .in turbulent boundary laYers A stress

sen51t1ve tran51stor is coupled to a dlaphragm which is

deflected by turbulent forces. It measures one eomponent

of turbulent pressure to a frequency about 50 hz with a . ¢

spatial resolution about 5 cm. Although not7usefu1 for

the type of_eﬁperrment envisaged .in our"work this*would be

a useful device for investigating turbulent_forces on

- structures.’ . e E

[ LI ' -

_salinity 4 ‘
o "  Instrumentation for fine salinity and temperature

LA

The disparity isvmostly because there has been-

less'interest from a turbulence point of view in the’

temperature and salinity structure‘ but also.partly because

'sallnlty and temperature cut off 1engths are much smaller.

A probe capable.of resolv1ng the finest sallnlty fluctuatlons

has‘Yet to appear, although Gregg and Cox {(1971) have

A developed a transducer w1th a resolutlon almost a centlmeter.

Sallnlty probes all rely on a palr of electrodes that sense

o

N

I

~t
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. 2.2xii temperature -
Temperature . fluctuations.can be successfully - =

resolved using fine th'erm'istor beads. Bowman and Sagar -
' ' ! L

(1971) mounted. thermistors in glass— 'c'apillary "tubihé and

-towed'_.the ipstru_merﬁ: at sea. - Gregq et- al (1972) report-:

" 'tHeir yse of therlﬁistors in a freely falling prob'e.. ;l‘hey

| are 1nexpen51ve enough to use in quantlty and Fowlis (1970)
has constructed a grld of these beads for detalled exam—
ination of 1aboratory flows, exam:.ng veloc1t1es s:Lmultaneously

at many pomts. Typ cal .response tlmes are around 20 ms,

-4
temperature resolutlons 5 x 10 - C and. spat1a1 reso]_utlons

”15 cm. FOulmg can occur, althoub‘h 1t does not seem to be a’

o

, serious pProblem. These_rtranslducers are-not dlrectlonally

sensitive. L et

-

: e ' 0 ’ vt T
2.2xiii ‘heated sensors ! S e

ro.

. Thermistors :;re members of a large cla,ss: of trans-
ducers called heated sensors. The he?atﬁed-sensor is a' lorw'.
re51stance metal wire or depomted. film (covered with a
1nsu1at1ng quartz fllm) that forms one leg of a Wheatstone
Brldge. When flow fluctuatlons remove heat from the probe,‘

o "N

'power is.supplled by the electronics to ﬁollow or counter.act_

the change depending on hhe’ther the system is made sensitive

to velociby or temperature.
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Heatédr sensoré_- have ,é'njoyed ';i' lon‘g‘ pre—eminence in
- % air turbulence as the only deirice .capablé of high frequ,e'ncy"

-

' re_quhse and small spatial resolution.. Their characteristicg

have been exhaustively researched over several decades and

at least three. established cbmpanies make complete systems-.

..'Wit'h'l‘ the recent interest 1n the seas, it ‘is logical that

N ° i

; . \inany efforts have beeﬁ made to .apply heated sensors too’the,
- 'marine environment. The results have been mixed, and-at- .. ‘
‘best the succ,es;', in ocean _e:xperil.nen'ts‘mus.t‘be .carefully

" qualified. . Continued difficulties with hot film equipment . " .

indicate tf\e sensors may,b_e fundamentally unsuited to ocean
research. However, until ‘the present time alternative

.instrumentation was not available. : T - =

N



307 . . HOT-FILM ANEMOMETRY -

S Only two 1nstrument systems were well enough
developed robust and sen51t1ve enough to satlsfy our
) cr1ter1a. The electromagnetlc meter 1n1t1ally‘seemed < o

superior to heated sensors because it was so 'much more

rugged, but its failure to respond to theé turbulence ,without

_generating electrical noise, and i-ts rapid failure to L

0
B ———

e . .

. operate caused us to use heated sensors: 'From‘the’ffyf}’EL//
' \ H e e DT

manufacturers of these systems we chose - equlpment made by
DISA DISA. offered the most complete range of 1nstruments

aﬁﬁ’ backup serv1ces and has found widespread acceptance in - N

P

laboratory research Con51deratlon was - also glven to Thermo—

. Systems, who offer as much experlence J.n marine use, and

.choice of thelr equlpm.ent.may_ have been ;equa'lly rworthwhlle.'

-
. .
-y
. i
! ‘

Because the principle of -operation dépends on the

'c‘ooling action of a flow over a heated resistance element in
a Wheatstone brldge, anemo,meters may be made sens:.tlve to
v veloc1ty or temperature fluctuatlons simply by front panel

rearrangements to the er.dge. In the veloclty measurlng

, ) mode, the schematlc of the electron:.c c:.rcutrx is as shown |

| ‘in Flgure 1. The varlable res:.stance, called . the overheat ‘
control,- in one arm of the brldge causes an unbalance whlch- .
is psensed between po:.nts a and b. ThJ.s causes the servo

‘e
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control 'systern to feed éurrent- back into.‘tf'lre'brid'ge,v heating
. .
“the'preb:e.' When the prebe experiences heat loss .to the '
fluid, its resistance chapges and the resulting unbalahce'
causes the feedback loop to increase the brldge current, '

, malntalnmg constant probe temperature The transducer s

behav1our is analyzed u51ng the well ‘known relatlonship

S

| /2_ (T ~ Tf.)
‘developed_' by ‘King (1914), where
. . . ' s q
° - Qis heat transfe'rred'frcm 'probe. to ‘fluid -

[
~

U is fluid velocity .
T is probe temperature . .-
. Teis  £Tuid ‘temperature

Nd is fluid density - A 3 S
N ’ ' ' N S h . ‘u . . . . \~ ' ) . . i
3 . o .~ .Aand B are constant’sadependi.ng on probe dimensions
B lx) . *
and fluid heat capac1ty and conduct1v1ty

\

Heat loss Q is. related to brldge voltage and gcurrent .

by Q volts x amps

R4 . »

'(Note that fluld dens:.ty effects are neglected as,
.they are of sec0nd order.) : |

. “.
s . . . 5

X." ' . N ' ’
. N o ~ N ] ) . . s
T . The ability of the ‘anemometer to .measure eitber
L - : ‘ L : R -
temperature or .velocity is basically due to the output. voltage .-
' ' ’ S ' ’ . T !
g _ .. e being a function of temperatureB and velocity U .at the ‘same

i . . : S e
, X . . .

time;

N . :
: . e + e
o | e Se _6 Su U

P



- Frey and MoNally (1973), A large overheat also makés__

1

temperature sensitivity of the probe

[

where Sg =, (T'-T)

£

Su. 2

(T - Tf) vélocity—sensitivity of the probe

fsuch that the unwanted sensitivity, Sﬁ’or S; e@n'be;minimized'J

“at.will. For the veloc1ty conflguratlon, temperature 1n;‘mi
fluences can be minimized in two ways. One is to nulllfy - .1

':'the effects of temperature fluctuations w1th a compensatlng
;probe—connected to’ the opp051te arm of the brldge ‘afid exposed :
‘to the same flow. Unfortunately,“the frequency response of

thls compensatlng is- llmlted to about’ 100 hz, and the probe

‘is. not readlly avallable from DISA. The second way is to

‘\('

operate at a large overheat that is, make T .- Te large.'
-.__’-—-\ ! -
‘However, the 1ncreased'thermal stress-redhces the probe s’

K Y

jllfe and may cause errors from autoconvectlon asrfound by .
- - N Q

}callbratlon dlfflcult because the lncreased heat output . :¥». -

results in formatlon of bubbles on the probe. 'Usually, oﬁe:- 'fﬁ

"sets*khé overheat.at the hlghest ratlo before bubbllng .

: occurs, and~1gnores the minimal temperature sen51t1v1ty.

A modlfled brldge is 1llustrated 1n Flgure 2 for

.

temperature measurements Veloc1ty sen51t1v1ty is kept to

a mlnlmum by aIIOW1ng the fllm temperature to follow the

fluid temperature, that is, by operatlng the - probe at a very
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Chappell and Moilliet (1964) found to be about 10 40C/cm/sec~ R
o .\ . A .. oL A

T e

‘ A .;_ - o
- 32 - ;
4\ N . K « ?
low overheat level with constant current applled to the o I
brldge. The changes 1n probe. re51stance then correspond to <

; i

temperature fluctuatlons. Slnce some power is d1551pated ‘in -

the operatlon, there is a sllght veloc1ty 5@51t1v1ty, whlch

.

. R . \ ’k- i
Some theoretical’limitations to heated sensors are .
/

described by Hinze (1959) ) Probably the most Serious of ' o

Y

. these is that -the Klng equatlon holds only for a. steady flow

.of low 1nten51ty turbulence, and for w1res, not fllms, whlch ‘

SENDUIES etsa

e o e

have a completely dlfferent _shape:7 7+ : y

. N
. - e . - . *
P .
P < . . . .
T, e Yo o T . . . - £y N LS . e
. ’

compromlsed., it is difficult to place estlmateS’oﬁ"fh,e"/,' G

lI

' Wlth the Valldlt)% of the theoretical. relatlonshlps IR \\;-A./

AWr——turbvlm than -1, it is A

- tacitly assumed no appreoiable er\ror,s"'are introduced. P —K

(1973) recorded turbul,ence""'mm” f¥ies using hot film P
/ ‘ N . N .

iequlpment dn-iake Ontario up to .7 .Which is not an unusu'al
Elgure in water. Although. h:Ls data‘seem reasonab-le in -
iéomparison woith others; in a strlct sense 1t is uncertaln,
. : - : - ¢
and his Varlous data runs are only self consistent. a
o Ce ‘:: : o © o b

Aside from the obvious‘g:the'oretical 4dif‘f.iculties,,héated .ot
sensors, are more severely limited b'y_‘phys'ica'.l conside-.-rationfs.

. . - ) . oot © e
SR i ' Coe
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4

ﬁqe'f P Hot w1res, employed so successfully in air are. completely
unsulted for oceaanork because of fraglllty and

.- ‘4'

susceptlblllty to c0ntam1natlon.f Althoagh Kolesnlkov et al

- : a

L o ) (1958) clalm success 1n measurlng turbulent stresses under -

-ﬁ;'. ~‘3‘ Arctlc ice, w1th a hot wire probe,,_ thelr report 1s amblguous

-l“ ‘- ’ . | ¢ ‘]

oo and thelr results have not been dupllcated out51de t?e USSR -

) ‘( , ‘\ . ,'L;
J

D o Fllm probes of. elther conlcal or wedge trp conflgurﬁtlon are

e 1‘

v ‘e

‘;:“ o .‘Z“more rugged and will she d partlculate matter betten:‘ Granb
f et al (1962ff and:Reschv{;%70) found conlcal prob .to be {ei

N .
i

_ . the best for sheddlng detrltus, but even so, Grant experlenced
[ . ' . -' t K ‘
foullng abput everx 15 mlnutes. His solution was an hn

: :' " situ probe wakher. - " . : \ , T }J L
.. = . . ) ‘ .'” ¢ ’ e
T - , S Cee - ) W - &
. - Under the normal laboratory head of a few inches of
' :u ’ l L v IJ “ N ', I o 4 ; - ‘I . ” ".‘. I v ' = - -
. ., .., water, the bubbling problem mentioned previously causes
- . : M . v, " ’ , . . )
« = +considerable-difficulty by occuring at random times even at-

EY

" very low. overheat ratios. .Water contaminated with microscopic

:_' L detrltus increases the rlsk of bubbllng by prov1d1ng abundantt o
§X' T nucleatlon sites, and hlghly aerated and agltated surface’

b »ﬁﬁ‘ . waber contalns large amounts oﬁ dlsolved gas Whlch ennances

- . v

o ' bubbllng The whole problem is further compounded at low-
velocltles when hydrodynamlc drag on the bubbles is- small and

! .they are,not-swept aWay Fortunately, at‘depth under a :
Coel 'heag/of many meters of sea water, 1ncreased pressure w1ll%“’;_

&
.

inhibit bubble.format;on.*, S Iy o "
T e T g o .
(\- . - . o . . .- . .



' ‘1n fact a hlgher:output voltage was obtalned w1th the

to use filtered and delonlzed water to 1ncnease the :‘"

hAside‘from'bubbliné} ?rep and McNally (1973)

noticed‘calibration‘drift'so severe‘under normal operating

_condltlons that callbratlon became a- necessxty 1mmed1ately

t . ] ©

'before and'after'each experlmentsl They also found that :

\ Vi

. thelr conlcal probes were not at all dlrectlonally sens:.tlve,

\ I

-

v
probes perpendlcular to the flow rather than 1n llne w1th

it. Thelr transducers falled at random tlmesﬂanywhere

between a‘few seconds of operatlon and 20 hours, Wlth the

v

onlyxlndlcatlons of impending fallure belng an increase ‘in

«

:cold re51st§nce and 1ncrea51ng callbratlon drift. Many

laboratory researchers, such as Morrow and Kllne (l97l)'have

rellabllltyiof their sensors. Ruggedness is relatlve,(hot

- £ilm probes are still extremely delicate.

Considering all these difficulties, it lS surprlslng

.that some excellent studles u51ng film probes have arisen.

Resch (l970) ‘studied the response of cone and wedge probes .

. in an elaborate testlng apparatus and found his’ measurements

1

accurate and repeatable. He~proposed a heat transfer

1

equation for conlcal probes and investigated correctlon

* ot

-

—.factors to reduce callbratlon drift. Unfortunately, the

'S

'correctlons seem too “awkward to apply(&n fleld use, There

[, . -
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are also ‘the very successful fleld studles mentloned before

H

-,by Grant et al (1968), Nasmyth (1970) and’ Glbson, Vega and
- it

'W1111ams (1973) where haot fllm probes performed well in

, dlfflcult tow1ng cdndltlons. As G1bson et al conclude,
\ .

'"The 51£\at10n 1s llke comparlng democracy to other forms
L . '
fof government; hot £ilm probes are the worst possible sensors
for oceanic turbulence, except for all others that have:'been
‘tried " - ~ : ' e ' R
" ’ ‘
- ! ' e
» s R )
’:r‘: ; v R . .
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4. Y T - THE INSTRUMENT SYSTEM.
‘ . y L e . - .
. 1;1 : 'Instruments
In the study descrlbed in thls report a DfﬁA 55D01

4

Anemometer and 55D25 Auxiliary Unlt'w1th quart coated

‘155R42 conlcal hot-film probes were used, plus t o BISA o

55D05 b#ttery powered anemometers w1th guartz coated 55A801 :

edge probbs, so that a 3= component system became p0551ble.

-

;The battery powered anemometers ‘were scaled down uer51ons

of the 55D01 anemometer and lacked many of the 55D01's

features. We hoped to dlscover if the battery anem6meters

'would be sultable for our use in the marlne env1ronment; and

~did occur, a Bendix S-2 temperatufe probe was’set up.

: meter and mlscellaneous'support 1nstruments were" located

PR

at the: same tlme make: substantlal flnanc1al saV1ngs 1n the
costs of lnstruments. It was.dec1ded ‘to take velocrty measure;'
ments only, and not to do autométic temperature compensation
because the'spegial probe,for this purpose was not available:
To monitor any large and slow temperature fluctuationS'that

¢

£,
-

All thls equlpment, plus OSC1lloscope, dlgltal volt
1n51de the underwater habltat.f Data_recordlng was,orlglnally"

carried‘outhgn the habitat but was later moved to the shore

— Teae e —— - — - [ - ——



fsupport-station{'partly because of the bother of using

the instrument transfer capsule and boat every time data

o

-~ was taken The calibration.dev1ce was also de51gned for use

in, the habitat-so that calibrations could be ‘carried out -

immediately befor€ and after each experiment if necessary.

Data is transmitted to . the shore support station and recorded

in analogue form on a Lyrec FM tape recorder. This

. analogue record was later digitized on a PDP, 12 computer

and analyzed using .an IBM 370 computer. - IR
. ' . ’ I r . . -' ) . ) A‘—"

- ‘ _ Co L
4.2  Probe Housings

-~

b}

The first few dives made with the DISA system ended

: [\]
'leaking or the probes breaking

with the’ ‘probe conne

In these initial atte ts with wedge probes, the electrical
\

connections were wategg ofed w1th 5111con sealant and the

probes protected w1th_a, lexiglas, cap or a plastic-tube.

Repeated. failures s

: 1. failu: to‘a\;ather glaborate -solution for
mounting, protecyfion and waterproofing. One design was .

made for wedge probes and another for conical probes.

] Basically,-both are hollow brass cylindersewhich contain-the
electrical connections; with watertight elements on each end

' sealinéjaround”the cables and probes.. A sllding sheath fits
waround the cylinder and locks in place over the probe to

“protect it when not in use. In Figure 3, which is a general



: v1ew of “the conlcal probe housing, the sleeve 1s ‘'slid back

S0 that measurements can be ‘taken. A mountlpg bracket then

A

clamps onto the cyllnder-behlnd the sliding sleeve.' A

cutaway v1ew of the wedge probe housing is depicted in

. Flgure 4, and the sealing elemen s,.called the silicon nut
LI . .

. and the O ring nut can be seen}. The O ring nut is a

.'-conyentional;type seal, with the O ring beihg squeézed by

+

. the screw1ng actlon. ‘ §ilicon nut refers to the seal used on

I3

‘the coax1a1 cable The cable passes through thé-hut‘andhﬂ

through a cone shaped'element in the O ring nut.' The ‘space

between the cone and the cable is f;lled with 3111con sealant;

‘whlch, when set, is compressed by the "plston" on the

.5111con nut. ' : L = 1' .

A

_This type of seal was chosen because of'the;irregular
nature of the surface of the coakiaiAcable which might have

caused an 0 ring seal 1eak ~In' the case of the-conical

fprobe, an O rlng could not ca51ly be obtalned to flt the

4

small 3mm.d1ameter‘of the coaxial cable that was mdulded to

the probe. Commercial(yaterproof cgnnectors would not .fit,

~n

this small size, nor could they aaapt to the special

mouhting configuration of the wédge probe.



«

- The proberhousings are then mounted'ih tpe’

i tr1ax1al bracket that the dlver is adjustlng in Flgure 5

The bracket in. turn clamps to an 1nstrument tower whlch has
’ adjustable legs for uneven terrain, and one dlver can move
the whole assembly about. The photograph in Flgure 6,
althoiugh distorted® by a w1de angle lens, shows the ease and
o

prec151on with Wthh the experlmenter can. monltor and set
¢ 4 :

up the apparatus. .‘:- . o T
4.3 Habitat,
. " The underﬂater habltat LORA lis located in & small "

bay off the North Atlantlc near St John S, Newfoung}and
some 200 meters from shbre in 12 meters depth_ of water. - The
'sea temperature hovers around -1.8 C for several months

“and quer goes‘above 13'C In late ylnter and spring seyere
jammed Arctlc pack lce may cover the site for'three or

four months and dependlng on ihe séason and storm condltlons,

V151b111ty ranges from 5 to 40 meters. The de51gn ‘wave is

: about 5 meters and thermocllnes may ocqa51onally be observed

1n ‘the v;cxnlty. Detailed descrlptlons .of the habltat and
1ts surroundlngs are glven by Engllsh (1973) and Engllsh and

Dempster (1973). b R ' ' S e | .
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' B An umbilical carrying air, power and communications
. - ‘ “ “‘ ' ¢

stretches between LORA 1 andnthe shore support station, the

operatigns base. -Originally, the umbilical also seryed as

the data link to the tape recorder in the shore statlon, but

' there was.too much 60 cycle noise generated by the power

. cable, so three separate coaxial cables were laid nearby to-
be used Eor data'transmlssion. Normally, dlvers swim' from
the shore support station to the habltat but when equlpment
transfers are to be made, they motor .to the site: in an

!

'1nflatable rubber boat kept néarby. Tge equlpment 1s packed

« T
in a steel houSLng and w1nchéd down from the boat as shown

-

'1an1qyre 7. . S o o S - .

’Since LORA l-is-at amblent pressure,vthe divers enter
via an open water hatch on the under51de..'Figure 8 gives:
a general opt51de view of LORA 1 “and the hatch" 1s evident
to the rights in Flgure 9 “An average relative humldlty of
d60% and temperature of 22 C make for a fairly comfortable
shlrtsleeve env1ronment, aithough large swells pa551ng
overhead can cause annoylng pressure changes. Flve hours'
of work per day was the limit allowed for this research to .

T

avoid -the need forldecompression, although extra support

LY

‘equipment and the complete toilet, kitchen and sleeplng

N o

.fac111t1es present- do allow much longer stays for spec1a1

"actlv;tles. After two years of contlnuous use, the habitat

e

¢
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~eeay *
v Coa

.~constrgcted at a very low cost (the hull was orlglnally a

-£ L g - o e

. fish dlgestor tank) the fac111t1es are safe, rellable and

) 4
flex;ble. ‘Once d1yers~are on site, they usual@y switch

to habitat supplied air systems, or hookahs. The\diVer in

Flgure 10 who is 1nject1ng dye to ‘delineatie the turbulent

structure is wearing a Unisuit Wthh is dry and has

’ adjustable buoyancy. The next two shots 1n the serles,

Figures ll and 12 ~show a typlcal dye spread, with an- end

: v1ew of the habltat seen in the background.; In the summer,«‘

-

 divers may wear wet snits and Teave their mittens off, but

 for most of the year the‘extreme cold means:a full Unisuit

is desired, especiall§ when the‘sort‘of weather shown in

Figure 13 descends. ‘._”

<D

4.4  calibration.

] . : °

Several different schemes are avallable for callbratlon.}

The optlmum design for our purpoSes was a relatlvely ;fl

1nexpen51ve one, capable of belng mounted in the habltat so

-
=

that ca11bratlon could be done 1mmed1ate1y before and after l

“

each experlment “We chose a rotatlng tank from alil the

p0551b111t1es outllned 1n Appendéx 3. A variable speed. DC

4



- Figure 14 illustrates.”
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5. .. EXPERIMENTAL RESULTS

once ungeruey. o T . ‘ n !

'~

leflcultles with- electrlcal grounds plagued the '
experlments from the beglnnlng,\and mahy unantlclpated
problems W1th the 1nstruments arose from operatlng w1th1n

an«electrlcally conducting med;um like seawater. Itawas '

uecessary to bypass .the original data transmission cables’

- by -laying separate coaxial cables in“an'ettempt to reduce

60'oyc1e°hoise pickup from the power 1ihé.U“This operation

was only partly successful because it was found that most

. of the electrical noise .came from a .ground loop between the

habitat and;shore support station. The.ground'ldop was
then eliminated by floating all'the instruments in the
shore.supp&ht station and grounding them at the habitat.
Nevertheless,iocca51onal voltage dlfferences seemed to‘
build gp . 1n a random way between the habltat and shore.
support statlon. Tw1ce the voltage bu11d up was manlfested

w. Cr

by mild shocks to the shore support sta ion operat

1nstruufht blew a fuse on the first such occasrt n.' It is

not felt this electrical problem disrupted the experiments :

¢

[}

The battery poWered anemometers had separate

electr1ca1 problems of thelr own. They functloned properly

when .used with conlcal probes, but were highly erratic with

&

PR . e * - -

.and an-". ('



,wedge probes. The. difficulty was'associated either with
[
the probe shortlng EIectrlcally to” seawater® ground across

.

the quartz 1nsu1at1ng fllm at thebtlp; or through the brass
probe housing. .Ineulating the probe's-metal parts from -

the housing showed that’' the anemometer would function, but
on%y at a reduced output voltage. '
. fo

Several complete experlments measurlng turbulence 1n

L4

ithree'dlmenSLOns were recorded and dlgltlzed to- develop éie
,system before any callbratlons were done. QDurlng calabrat;on
it became apparent that the batt:ry powered anemometers
"were fundamentally unsu1ted to the’ work Whether on {'
,batterles or on a DC power source, the anemometers would not

supply enough power to match the coollng of the flow on the

probe ‘at the veloclty range 1n~wh1ch we had to work Contlnued

:problems_w1th,groundlng were experlenced and_the battery

anemometers drifted badly. Finally, one anemometer'began
S > : .- o , ‘
to generate a noise level 10 times what it was before, 52%

both were set aside and it was decided to continue’with the

: 55D01 anemometer only. o .;1 ) Com

-

In calibrating the hot film tﬁansduoers,vit was -
_‘noticed that it was more difficult to obtain accurate
.";eadings with the wedge probes than with.the'conicax_probes..

S
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~ 'The wedge probes tended to display a sprt of “hystere51s

effect" drawn in Flgure 15. Voltage readlngs while the

‘water veloc1ty was stepw1se increased tended to be
substantrally h1gher than voltage readrngs taken at the
same'velocrties when the water yelocity was'stepWise
dedreased.l.No extensive mehsurements of theaphenomenon’
were taken'as it soon became apparent that.if the rotating
tank fiow were allowed to stabilize for about'twehtp minutesl'
che wedge probes gave repeatable measurements. ThlS would
kead one to thlnk that the cause was in some property of
the flow, except that 51multaneous measurements w1th the
conical probe never gave evidence of such _.behaviour. .
‘Certalnly, small second order currents could be set'up in f

‘. the fluidlbefore it reached steady state, and the wedge probe,"

being more d;fectlonally sens1t1ve than the. conlcal probe -

acopldJreglst r the second order. effect. . This seems not to v
1‘ L
_be the case, though because dye lnjected into the flow

e

1nd1cated only 51mp1e radlal and vertlcal veloc1ty gradlents
caused by.wall friction and bbttomffriction. Not enough

"~ dye work was performed to completely rule out second order

‘-

-tran51eht currents,‘but it seems more ilkely the "hystere51s"
. \, .

"effect was controlled by mechanlcal v1bratlon of ‘the tank.

At hlgher rotatlonal speeds, the: gearlng system 1mparted large

. amounts of v1bratron'to the flow,-whlch was clearly seen as

Fy
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'tiny concentric ripplés on the surface."ZAt,tH#époint.where? _":r:
‘vibration beéanvto increaSe rapidly,‘the'probe voltages -
would level off or sometlmes decrease 5- lO% Perhaps:the :.ﬁk'
v1bratlon ohanged the boundary layer flow aver the wedge.'

probe. Thl% response is puzzllng, especlally since' it seems

‘not to have‘been_réported in the llterature.

-~ . : ' 3 *TA, ) C
»i \ K . i . ’ 3 ' - :/ : ‘o .
A51de from he "hystereSLS" problem— wedge probes I T

ot LY

were generally dlfflcult to handle durlng callbratfbn as it

was necessary to dlsmantle the probe hou51ng, clean the~.'V"

. 'a .
probe, mount 1t ‘on a specral probe mount and carefully seal

"the assembly with a waterproof ‘sealant. As often as not,
the assembiy would leak, the probe- would short’ -fo ground

“ and the whole procedure would have to be repeated., The

'con1ca1 probe, on the other hand ‘has the sensor mounted !
r'r

: 1ntegrally w1th 1ts support and coax1al cable whlch is. some

2 ot

20 cm long. W1th the probe hou51ngs we’ de31gped, 1t was
‘only a Slmple matter to place the cbn1Cal probe in’ ltS L —

callbratlon mount w1thout dlsmantllng the res& of theji

e

“assefmbly. . e L L

\ .
. a8 ~

PN
N

) . t -

- . . ' N ‘ e cL T .,
In the coéurse of our experimental. work, we encountered

. . .. : R . N . . ’ - o oA !
+ a rather serious limitation. If the mean -current 1s Very 3

small, the oscillatoryamotion of wave induced-dlgturbanCes.

oy
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cgn'cause“an,absblute reversal‘of tbe direction of the', ., = ¢

LN s .

3 o

loc1ty vector., If a probe is flxed so that oncomlngs
':flOW'lS called p051t1ve, the flow w111 be negatlve ‘on

. . LIS
~ ’ e N &

fjoccas1ons,‘ comlng 'from behlnd, and the probe w1ll sample

o . . - ' @ Y

. 'lts own wake. In addltlon, the probe w1ll not record whether

v 5}

(-
i

!

A

JRENES
'_.1

g™

s
L ,41_'-
R

'y
¥

A

"\\ Lo .o R ot
the veloc1ty 1s 9051t1ve on negatlve because p051t1ve

~C . ‘ . . -

voltages dnly are 1nd1cated for any coollng actlon._ If ve

have'a 51nusordal current that has negatlve veloc1t1es, as
2 ! a % ° .

in; Flgure lG(a), the measured result is the voltage 51gnal

\ %

{ﬂ of Flgure 16(b), where the lower portlon has doubled back on -
f_.‘l = M ' ’, AT .o i - o .
(L 1tse1f' creatlng a spurlous:curve. It was thought that T

.
.o *

ﬂf%;'examlnlng the autocorrelatlon of the veloc1ty 51gnal as

—

o WP -

}é ; Shown in- Flgure 16(c) WOuld al QW ug to estlmate the o .

v

.. /n a ’ i 3 .- -
.1 o . ! ( o ,
ey v ‘. B

:nmgnltude of the current reversa :o L . o
- .

e . . L . o
- s Y -0 S . . ¥ R Do, . . t L
- ' “ . 2. O . ’ v.ooa N : ) .
e . < . L ‘e . A - .
“. ~ . *n © » s 7

e A sine, curve 1s transformed by tht autocorrelatlon e

. ‘ -

e .1nto anothgr's1ne curve. nWhen the orlglnal curve is dlstorted

—

as drawn 1n Flgure 16(b) the autocorrelataon curve is Stlll Y

’ T,

51nu501da1, however, the negatlve pQrtlon 1s less in magn1—

. o

“

tude_than the’posltlve. “If Y turbulent 51qnal (Flgure lﬁ(d)).

o

- .

~were:superimposed on the sine cdrve the result is ‘&, furtheru o {f-

dlstorted autocorrelatlon graph mear the or1g1n (Flgure 16(e)),

VS oo L ¥
o

: prov1ded tth “the lenq;h scales of turbulence and currents .
are Similaf;to°those'actually‘found‘1n the_hghitat‘area...These

oh q .
S .

[N
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‘-actuallty lt was probably not very 51gn1f1cant.

,' { ’ . ‘ :'—

‘-.

rough sketches 51mply 1llustrate that thls mode of ahalysxs"

. , .
1s an awkward one, and once the osc1llat1ng current becomes

ncn51nu501dal and 1rregular, 1t w111 be even more dnfflcult' '

<, [

to analyse the autocorrelatlon of the turbulent 51gnal and

kS

to estlmate the magnltude of the current reversala.

- It is obv1ous that dlrect current measurements are

%

de51rable, and 1n the next sectlon we descrlbe ‘a technlque-

to obtaln them whlch 1s sulted to the habltat area. Although

—— T

we: could estimate the magnltude of the osc1llatory motlonv

by watchlng dye patches,.we were not-able_to»record and

¢

' measu¥e the motion Quantitatively because photographic

.o . [

equipment_gas not available.at;the time.v We also attenéted
to(méasure‘the currents withASmall propellor current neters,”
but‘the flow was tob”ﬁeak to be recorded.‘ In any case; as
the analySLS descrlbed in the next few pages shows, we

overestlmated the magnltude of the current reversal, and 1n:'

‘ Two separate experlments were performed the flrst

v compr151ng a‘lS mlnute record df the turbulence at 2/3 meter

from the bottom, whlch‘we call run l bottom, and a. second 15

0

mlnute record at'5 m from the bottom which we call run l top.

‘_Slmllarly, the second experlment, whlch was done on another

,‘.4(
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day, comprises run 2 bottom and.ruh"z-top._'Both[experiments

1 ' A

‘were- in the same 11 meters-depth of water and both were

. . 4 . - ' : 5 .
done in the same kind of weather. . Fo!ithe first experiment, .

‘it was calm,"with a 10 second swell ruffled slightly by wind.

It was hoped’ to .chntrast thls test w1th data from a stormy

* 4

: - day. but unusual December weather provided only weeks of

'Very qulefﬂseas, so we were forced to settle for a second

\u

experiment with a similar. 10 second, 1/3 me'ter syell_with

no wind whatsoever. B '
Dye injection showed itself to be a\Yery useful tool

¢

' durlng the experlments, for 1t was used to indicate the mean

current direction so we could rotate the probe hou51ngs into
the'current. The dye dlffused very slowly.ln-both runs'in

the.first'experiment and inlrun 2 top'during the second

~experiment, 1nd1cat1ng that the turbulence 1nten51ty was

[
y . »

" gquité low.. In contrast the dve dlffused in an almost expl-
‘,OSiye manner durlng run 2 bottom and exhlblted an obvious -
-and strong oscillatory motion coupled with a sllght cOrkscrew

actlon. This unusual motlon deorea?ed rapidly in 1nten51ty

o

until it was not discernable at a height of about, one meter

off”the botébm."The_dye patch of run 2 top'at tne'same
time was showing very-little diffusion and very little

translatory mavement.




'gentle-osc1llat;on superlmposed on the-mean ve1001ty. It |

motions.

"In all four runs the dye clearly showed up currents

) R

and turbulence 1nten51t1es.- Although run 2 bottom was

i}

markedly different than run 2 top, dye in the first

experrment sgowed the two runs, ‘to be 51m11ar alth a

.was dlfflcult to estlmate in which run the currents were

stronger for the flrSt experlment but it seemed the

turbulence lnten51tﬂ\was less for run 1 bottom. . Assumlng

the turbulence was partly generated by wind stress, a

¥

decreasé in 1nten51ty as one went to the bottom would be

”'expected: In all cases, the dye patches diffused uniformly -

P o ‘ S oo :
in a.spherical manner: When oscillations occurred, the

"

4

. blobs were transported bodily with no.noticeable-shearing;

<

v
)

The data shows that the dye tests c01ncrded w1th

what was measurgd by the hot | fllm probe.. Pf we construct a.
histogram of the occurrence of. dlfferent veloc1t1es for each
run, we ged the probablllty density functlons of the

s\
turbulence shown in Flgure 17. The central moments of these

-dlstrjbutlons, llsted in Table 1, verlfy the d;vers

relatlve estlmates of dye patch veloc1t1es Run 2 bottom,had

the greatest mean current of all, at 2.03 cm/sec, and run 1

top had‘a greater mean .current than‘run-l bottom.‘,From'the



.‘n f\\

[3

first -and second moments we can oalculate turbulenoe
inteneities ofvthe four runs. Note that the turbulence
1nten51ty ‘of the run 2 bottom is .19, a value‘significantly:
greater than the other three runs, which is as observed

from Eﬂe dye. We ‘probably do not have to’ worry about the

. C 4 . . .. R . . -
nonlinear anemometer response difficulties mentioned before

' that are associated with'turbulence ihtehsities greatér

than about 1 because our largest 1nten51ty is only a little

x.]’

larger than that approx1mate limit, and the otherqinten51t1es

-are much smaller. o . 4 . q

i 3

" The third and fourth moments, the skewness and the
kurtosis, are all'very small. Although there-ie a definite

non. zero value of occurrence at zero velocity for two of

'-_the curves in Figure \l7, and run 2 top even lncreaseej

., slightly at zero, this is partly due to, computer prog am

~

error and:in any oase; the occurrences are less than 2%, 'ﬁs .
can be seen in.Figure lG(b),,the voltage curve has a

larger mean value than 1t would lf dlstortlon dldn t{kecur;
Looking at the probablllty dlstrlbutlons 1n Flgure 17, 1t is
-obvious that even if the mean veloc1ty were lowered by «5
cm/sec, the "tails" of the curves are so small that negllglble
negatlve velocity would occur. In other words, we need not

worry about the negative velocity problem for these data.

-
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The same conclu51ons may be drawn from the ~‘
autocorre%atlon curyes. Figures 18 and 19 show the
autocorrelationé to a iag of 10 seconds and as such look
vaguely'as predicted by Figure 1l6(e). Ektendiné the lags.
to-lOO‘éeconds shows in Figures 20 and 21, how the follow1ng .
cycles become uniform and have a sllght p031t1ve mean value.
Note that in the case. of run 2 bottom, the current seems
mddu%ated.ﬁpth:byva }0 second component and 75 second . -
component.‘ These extended autocorrelation curves-in-. |
Flgures 20 and 21. are not 1ntended to be useful for

: turbulence analysis, *but are only presented to 1llustrate'

the current.reversal problem in the absence of direct

- -
measurements. o o . A

“

-The 10 second 1lag autocorre;ation_graphgraré also ;
not very,useful to describe the turbulence. The oscillating
_currents obscure the turbulence autocorreiatlon so that only
crude v1sual estlnates can be made of the mlcroscales and
;ntegral'scaLes. For all cases, the microscale, or’
aéproximately the smallest siae;of eddy.present would'haue B
a time scale of about 0.5 to 1.0 seconds;: The integral scales}
the~1argest eddies, have an associated.tiﬁe scale of 3 secgnds.
Run ‘1 bottom in Figure 18 is the only.cur;e that resembles
a usual,autocorrelation'function'ofethis type of.turbuience.

Even heré, there is ailarge peak at 10 seconds, approximately



’

&4

from the éutocorrelation curves, but it is more fruitful’

-~ 53 =

‘the obseryed'Wave period. In any case;'the cyrves are‘f

e

. con51stent, and show approxlmately the same surface wave.

4 .
‘period. Surprlslngly, the overwhelmlng fluctuatlng S

component of j’(’T) for run 2 bottom shows that'the_current

velocity wés sinnsoidal,.even though it was. not driven by

. . ) _ N
siniusoidal surface waves. . ’ : C 5

(\.

Detailed analysis might glean further'informatioﬂ

-

to examine the(power'spectra in Figures 22 and 23. Notice

" how clearly'the 10 ‘'second swéll shows up 15 all graphs

‘"except that of run‘2 top, where we know from the dye tface

7‘thet the wave‘influence Qes'minimal; The wave peak terids
to obscure the curves; but the apnroximétion of -5/3 for

. the sfope seems to be possible for the lower frequency

{ : ) ) : -
portions. A -5/3 slope in part of the turbulence power
) y 7

‘fspectrum is predicted by the theory of the well—kncwn

Kolmogorov model as presented by Hane (1959). .In our -

’

experiments, the so- called 1nert1al subrange, where the

-5/3 power law holds,.falls in the range of trequencles

'between 10™° and 107! hz. The!%odel predicts that a'}::

specific'relationship exists among energy, freQuency‘end

dissipation in the inertial snbrangel The dissipation .is

4 widely hsed measure of the energy which ultﬁmaﬁély

LY

decays by the action of v150051ty at small scales and is

l-1mportant because it indicates how much energy is put into



o~

the turbulence at‘large,scales and how much. cascades down
" through the spectrum untll it is ultlmately dlspersed at
the v1scous sink. Although the Kolmogorov model predlcts
’ a'peak atllcw frequenc1es_where most of the energy-ls found,
the experimencs did not saﬁple long enough for this peak to
be_delineated. Thus the spectra here show only a more or
‘less cpntinuous<iecrease in energy. All the‘runs seem to
show a definite change in slope around :5 hz but the
ﬁncrease in scatter\of the data just'means that the signal .
energy is SO ldw‘that,random noise is obscuring the trace:-
—_ | ‘

The numerlcal algorithm for computlng spectra assumes
'-the turbulence is both homogeneous and 1sotroplc, that is, '
;t has the Same quantltlve structure in all parts of the
“flow, and 1ts statistical features-%ave no preference for~
.any dlrectlon. ThlS is obv1ously 1ncorrect at large scales
in the oceans, where horlzontal dlstances are much larger
than vertical dlstances, but at the small scales of the’
inertial subrange the assumptlon is probably good'. The .
cascade of energy through smaller and smaller scales
effectively dlsorganlzes‘the turbulence, and all‘memQrQ of
the generating situatich is lost.l Remember that the dyé-'-
-traces all dlffused‘in a uniform:-sﬁherical‘manner, which’

indicates that the turbulence gps relatively homogeneous* and



U is the mean velocity (cm/sec)

J

X '8
}of the assumption of the existence of inertial’ subrange for

‘ 51nu501dal current swept through the bottom one meter of

isotropic. It a'ppe.ars possible.to use the theoretical
: "y

‘formula @ _ < 62/3.(211{) 3  to calculate the dissipation -

LY

where
{

$ is the energy density (cm 2/(se_c )

4 is a universal constant -(more or less) equal to .5

f is the frequency (sec_|l) . . ,
' N~

Y

It is not clear, however, from thé limited datd gathered.that

the spectra ,shown have a 5/3 'slobe- over any éignifioant range

(say a de‘t:ade) of écales. One mlght then questlon the valldltxf

L)

:’Whlch thlS formula applles. In addltlon,. the strong influence

of surface swell may. also limit the validity of f@pplying this

_.formula. ‘Nevertheless, we found values of 6&calou1ated~ by

>

_this method to-be about 5 x 10> cm2/sec3 for all runs.' Such

- , 4
a flgure ‘Seems acceptable as it.is an order of magnltude ’

-,

greater than some d1551patlons reported by Grant\i‘ﬁal (19 62)

'-but an order of magnltude less than those reported by Glbson

v

et al (1973).. S

G ‘ ’
: 4 ., .
*

i s
We are unable to glve a complete explanatlon to the

3]

"strange situation of the second experinent, where a strong

Y

' 2
c e ..

the water column at approximately the. same_frequency as the

-
-

Ll v
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surface swell, with Q\ery"little motion being recorded in the

.rest of the column. éalinity was not measured, but we know.

from the cold resistance of the hot £ilm probe that the

®

tempér'atures were the same at both 'positions to an acéurécy,

better than 1.C°. Fi'gures_l7 and 20 show that.this type of

current also occurred .in the first experiment, but was

‘much less marked Thus it is not likely the current was

Just a local perturbatlon, but was part of a general and

repeatlng c1rcu1at10n pattern Since the bottom turbulence

1nten51ty was weaker than the t'urbulence 1ntens1ty closer to

the surfaCe durlng experlment one, ‘We can conclude that

: w1nd stress played the. domlnant role in generatlng the

current shear.stress was the generating mechanlsm. The .,

turbulence that day, and that: durlng the second experlment,
Y .

strange current patt‘er s are indicative of just ,hc%w much
remains to be.discovered about fluid motions dn the sea. '/

TN
A,

CA
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6. . . ' DISCUS.SIONV AND RECOMMENDAT.IONS
: C ~
Despite the many uncertanties ahd negative attitudes .
about -.using hot film sensors in the ocean, it is clear that ;
ih, the application described here the pract'ical‘ difficulties'
associated with -such_ probes can be overcome, and consistent
“‘and fairly accurate readings can be taken. Wedge probes are
perhaps less desirable. than conical probes, except that
wedge probes are dlrectlonally sen51t1ve. Two wedge probes
falled in the course of our work, one after a few mlnu}es use
and the other after a few_hcurs. In. both _cases, the cold
'~r’esistance of .the probes increased just prior to' fa'ilure,
as has belen noticed. by others‘such .as 'Flrey and McNally (1973) .
'I‘he wedge probes dlsplayed some amb1gu1ty in callbratlon

and were also difficult to handle because the joint with the

probe holder needed to be waterproofed. '.Nevertheless, the

- '-l

two wedge probes used in the underwater work were still

: operatlng after about 18. hours and dave no sign of 1mpend1ng

fallure.. The one conlcal probe used was operated for ovef-\

: 25 hours durlng a t1me of some 10 months w1thout béing

-

'cleaned -was cycled several times through a pressure gradlent
of two atmospheres, exposed to temperatures down to -—1 8°c

and exhlblted less than a few percent callbratlon drlft. It

‘even. surVJ.ved repeated gnawmgs from curlous flSh At an

overheat o.f_'l.,2_, no problems occurred with bubbllng or fouling .

-



-'58a -
investment, there ‘ar‘e two areas where- the housings could°be
.improved ‘The .conical pxrobe housmg mlght have a more |
dellcate pro};e mountmg system which would -extend farther
from the barrel so ‘that there would be less chance of 'flow '
diStutbance. The wedge probe hou51ngs can be made sllghtly
"smaller,using the .same de51gn, but it is recommended that if
a triaxial array is to be used, all three probés should be.
conical probe_s with i'mprcfveds-housings‘s'o as Ito. offer the ° -
least flow disturbance. “Another im'orovement_ that':L could-be

made is to devise a system to seal off the water inside the

_ protécting sleeve when it is extended to measure the probe's .

iy

output vpltage at zera velocity. nsThis must be’ done to
;a.cc‘uratelyﬂestimate the mean veloc.ity if the pi‘obeﬁ is" to be
“used to measure both mean and- fluctuating components. What
we did was simply to wrap soft foan'\vrubber over.the_openings
tolseal- off 'v'el‘ocity fluctuations. Some residual‘ effects
of the veloc:.ty were, felt because the seal was not perfect
~and the voltage in this COndltlon could be seen to have- a
slight sinusoidal component from the wave motlon. ‘A mean
voltage was estimatecl ‘f;‘rom the trace.ancl probably w'as
'_accurate to -_l-_ 5%. ‘ o L
‘The rotatlng tank callbratlon device 1is good in
concept, and prov1des an ea_SJ.ly and accurately a justable

- range of veloc-ltles.h In the interest of@faster c »lb_ratlon_s

v N N “ e y ' [ ' . . ' -
it might be better to avoid accelerating the- fluid to a

;‘ ! )
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pon either the wedge or cone probes even though the waters:
were ‘usually heavxly contamlnated Wlth organlc detrltus.

Whether or not we can conclude DISA probes are superlor to
the Thermo-Systems probes that gave Frey and McNally (1973)

-

so much trouble is problematlcal but we certalnly achleved

IS

‘5‘"_ SR

- N ;

more positive results. , . _j . . . e
* ’ . i .

- : *

It was shown that the DISA battery'anemometers were

——

not Sultable for . thlS work \but the 55D01 anemometer was’

*

sultable, and ‘no problems were found in its use. The'
- ’ . : ~

| -
“M“_ccww-f-“f*newest‘DISA anemometer, model 55M, would ‘be a still beter

~

choice,Yalthough‘an,ekpenslve-one) because of its ability

s

to accept a 100 m probe cable u51ng internal brldge balanc1ng.

o A.z‘ For cable lengths longer than 5 m the 55D01 has to use
7

"external reSlStOIS to balance the bradge at high frequenc1es,°u

which severely llmlts 1ts usefulness~ We found that‘the “
_hlgh frequency unbalance .could be ignored up to a cable :
length of about 12 m but at that p01nt the unbalance started

to increase n01se levels at a rapld rate.

P

The'probe'housings were the key. to the ‘success of the

~

experlments and proved easy for divers to man1pulate~even t j:

pwhen wearlng neoprene mlttens. The de51gns are entlrely

K’J

satlsfactory as they stand, but 1f one is w1111ng to make the

>



i n01se free as far as the probe is concerned Slnce we
, Y,

b o

'4the callblatlon system ‘be of good quallty.

‘ dlfferent condltJ.ons as the. env:}ronment will prov:.de.. We Loy

found that running a complete three >d1mensmnal experlment > o

'recorder wn.ll glve a max1mum recordlng time.of about . 150

an afternoon.

)

. uniform veloc1ty by rotatlng the probe 1nstead of the water.

. @

This would nece531tate slip rlngs to carry the probe current‘“

to the rotating as;senlbly. -Such a'des:l,gn wa‘$~used by Frey - Lo

and McNal‘ly-'(197'3{ but they found the slip rings too noisy
. . . .

and had to bypass them and wind up a‘-l‘oné probe cable .insté"ad.
e :

P

"In the author s experlence w1th mountlng hot £ilm probes on .

high speed drums,'even cheap 511p rlngs w1ll be completely

.“r‘

-1

dlscovered that v1bratlon could ‘cause serlous callbratlon '

B

.errors, 1t is 1mportant that the drive train selected for K ol

In general, the hot fllm equlpment performed well
©

Once. the system is set up in the habJ.tat it is only a 51mple' s

t Ld

'matter to perform as many experlments as de51red 1n as many . ,

'took less than two hours from the time the d1vers entered
..'the water -auntil they left.‘ Although the experlments we

' ~performedawere only of 15 minutes duratlon, they should be

lengthened to prov1de better 1nformatlon at the low

f~requency end of the energy spectrum. 'I‘he Lyrec tape o ‘

~

minutes on seven channels, and with seVeral tapes a complete

profile throughou't'_.‘the- xiéte-r column can eas:.ly be -taken. in

. . . S
- . = . . . [ A
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appllcatlon. There are two ba51c problems.

.‘that the c1rcu1try is de51gned w1th hlgh pass f11ters Whlch

ol

remove all fﬁequenc1es below 2. hz in .an effort to. reduce

N

R Noie tbat the Lyrec tape re&brder, althbugh

The flrst is.

b

L de51gned for turbulence work, ;s not' sulted to low jrequency

-

LA

\drlft These fllter c1rcu1ts had to be 1nact1vated before

L'we could use the tape recorder.

'-'fcontrol whlch b1a§§

LI «

order to. reduce the 51gnal voltage so it can be ampllfled

, ¥

mean component of the 51gnal

.

measurlng.thls b1as voltage; we had~to'resortvto further

further\for max1mum sen51t1v ty.

B

4

Second, the Lyrec has a .

!

s out the mean component of a 51gna1 in

+

Ly

..4-J

° \

s

i

Because most turbulence
-

g
experlments do not rely on the heated sensor to glve the

_

there 1s_no provision fbr

¢ g

modlflcatlons of the 01fCu1try whlch were not entirely

2 -

. satlsfactory and admltted an error- of about” 5% 1nto the o
"-measurement of the bias.

. -error can be reduced to insignificance. .

i

‘e

&'-experlments will be 'in the development or ‘acquisition of

‘

1 &L
J

“ - . b
'
. o
L]

k- o

¥

-

sophlstlcated computer programs to handle the" data.

Wlth further wqgk;_however, thls

The 1nvestment that must be made to- expand these

' DlgltlSlng\rent smoothly on the PDP 12 buk ‘the -IBM :

more data or generatlng more. accu\ate answers wlthout

‘ extensive .rewision,

-It'may also be,necessary to deOelopfa'

.

.. Fortran programs used for ana1y51s aré not capable\of handlrng'

(.
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syStem to record the current reversals in such- a way as to

eliminate any errors 1n the turbulence 51gnal.- Such a

’system could entall a small 'fastﬂrespondlng dlrectlonal

N

';vane for each turbulence transducer. The current dlrectlons

*calibrate"andvplace th® probes perpendlcular‘to thetexpectedﬁ'

“flow to‘avold sampling in the wake of'thelprobe~housing.y

@

.are notulikely to encounter turbulence at 1nten51t1es much
T | . | S M . . ., . L.

v e,

p0551b111t1es for’ research If-equlpment needs to be repaired,

o L.

;”would.be recorded for several vane 9051tlons 51multaneously

k

W1th the Uurbulent 51gnal, and dlgltal proce551ng could :
ea511y 1nvert the veloc1ty 51gnal at the proper tlmes. If’

current reversals are fo be expected, it might be better to -

[N
»

-~
.

“ ¢

At the tlme of the second.: experlment, when the

more vigorous . way than we had notlced before, ‘even on days

w1th 1 meter waves.and"strong winds. Thls 1nd1cates that’%e

.\

* hlgher than'this.at the site, so future experiments'willl

- - B
not be faced w1th the’ 1naccurac1es resultlng from anemometer

monllnearltles at hlgh turbulence 1nten51t1es.
! . ¢ N T
-8

¢ - B B

o ‘Worklng underwater from\a habltat offers unlque

7

it is only a 51mple task for a diver -to steﬁ outsidq and —-

e ¢

-iregovef the item. Enough:instrumentswand}tools.can be kept

. R . R .
q' A RS . . o

. ) . e o .
[ - : ! : ' ; o

\ RS ‘
Co Y
turbulence 1ntens1ty was .19, the dye trace dlffused in. a -



on hand_that stardard laboratory,techniques and.in part{.

laboratory\prec151on, can be carrled to the center of thef SR

fleld study.» To have first hand v1sual experlence w1th1n_
such a study proved in many(:ays to be a great advantage,.
for we ‘were able to fix. malfunctlonlng 1nstruments, we
“‘could pudge dlrectlons-of currents, intensities of turbulence
and recogniZe areas of interest such as the unusual condition":
~in the second experlment. Changes in the program mere
.ea51ly and qulckly carried out to meet these dlfferent

o

(env1ronmental condltlons.' Perhaps we can best sum up worklng.

2

'in the habitat by the follow1ng example. Where a remote

' experlmenter would view with alarm the occa51onal burst of

°

erratic n01se whlch routlnely dlsrupts hot fllm s1gnals.‘
:thlnklng bubbllng or foullng mas taking place and poss1bly
changlng the callbratlon, we could ‘tell by v1sual 1nspect10n”
'.that neither of these was, happenlng - 1t was only a flsh

'sw1mm1ng past the probe.
’ © 9



'--the sub—component measuring systems'alone.

h_de51gn ofﬂﬁ very cffectlve comblned dye and hot fllm

. available for measurlng small scale oceanic turbulence.'

‘they should also be'Sultable.for'small scale oceanic

- 62b -

coNcLUSIONs

. Use of SCUBA d1vers and the habltat LORA l allowed the

~

o -

‘transducer system whlch‘has clear advantages over use of.

9 -

Hot film anemometry is presently the only system generally

DISA hot £ilm anemometry equipment isusuitable for use in
the ocean prov1ded proper handllng and transducer mounting

equlpmeﬁt is de51gned :

. . . ' “a
Conlcal probes are easler to use than wedge probes.
4 . .

.'.Measurements of the turbulence at the habltat site
.1nd1cated characterlstlc - 5/3 spectral slopes,.v1scous \

d1551patlons of about 5 x 10 3'cm /sec3 ahd Inten51t1es about B

O.l. Unusual osc111atory bottom currents were notlced and ’

surface wave actlon made measurements mpre d1ff1cult.

Other‘turbulence transducers, less expenéive’and

fundamentally more rugged than hot film dev1ces are in

U

varlous stages of development. The fluldlc probe and the

vortex probe are potentlally useful commerc1a1 devices,

°¢w1th ‘the eléctromagnetlc flowmeter looklng the most .
promlslng at thlS p01nt. If the mlnlature propellor system

'and the hydrodynamlc lift probe become commercrally avallable,

turbulence measurements. .° L o ' _

L

-
4
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. . APPENDIX 1.
'COMPUTER PROGRAMS - * . = =
" ADTAP2 o LT
. N M . # X : : . ’.

. ThlS is a. llbrary progrém on. the PDP l2 that dlgltlZeSA

analogue tape records and creates IBM compatlble dlgltal

magnetlc tapesh

T N . i . -

2

ADTAPZ uses an 1nterna1 real clock 1n the PDP 12 for

’lsynchronlzatlon.- The. program is avallable in both
source code and object code form on. the DIAL-MS console"

tapes whlch are Llnctapes 10 and ll. Doqumentatlon,'

and some 1nformat10n on programmlng for useuof mag tape'

ln 3707 FORTRAN Aid found in the prlntout and is 1ncluded

here. Note that analogue 1mput voltages must be. scaled

“to w1th1n + 1 volt. o

Cl
. ", . - -Ad .
_Listing - . -7 o0 . S T
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'/PROGRAM - ADTAPZ

/ R | A
\ /AUTHOR - A.N. BETZ : - - '

/oo T C

/DATE WRITTEN J— 26 FEB 73

' /DATES REVISED: - 9:0CT 73 . -
"/ . 16 NOV,73 - 20 NOV 73,

/PURPOSE ~{ SAMPLE VOLTAGES ON ANALOG
. CHANNELS 10 TO 17 ‘AT A RATE
DETERMINED BY SETTINGS OF THE

~ RIGHT SWITCHES AND TRANSFER DATA. °

.. TO IBM 370 COMBATIBLE 9 TRACK . .

" 800 BPI MAGNETIC TAPE IN BINARY
16 BIT 25 COMPLEMENT FORM. o

TAPE FORMAT - DATA IS WRITTEN ON TAPE
.IN 8-CHANNEL RECORDS SINCE .

" -EACH CHANNEL; REQUIRES 16 BITS .
. OR 2 BYTES, A RECORD IS 16 BYTES
LONG. RECORDS ARE BLOCKED 256 TO .

. A TAPE BLOCK, “GIVING A BLOCK. SIZE
" OF 4096 BYTES. :

.\" THE TAPE IS.UNLABLED, AND IS
,-TERMINATED ‘BY' A STANDARD END OF
FILE MARK. . L

COMPUTER 'CONFIGURATION - PDPlZ WITH AT . -
LEAST 12K WORDS OF MEMORY, TC58

. MAG TAPE CONTROL, TUl0 9 TRACK -
MAG TAPE TRANSPORT, AD12 ANALOG *

© TO DIGITAL CONVERTERS , AND KW12
ba _REAL TIME CLOCK. : "

.

-

OPERATING INSTRUCTIONS = .
**FOLLQW INSTRUCTIONS EXACTLY! **
-1 LOAD .PROGRAM FROM. LINCTAPE IN
THE USUAL MANNER DESCRIBED IN-,
'THE DIAL SYSTEM USERS MANUAL.
‘2 MOUNT A WRITE-ENABLED. MAGNETIC
TAPE ON TULO TRANSPORT 0. - °
SET LEFT SWITCHES TO 0200
SET 'RIGHT SWITCHES-TO SAMPLING
. RATE DESIRED (SEE TABLE).
5 PLUG SIGNAL SOURCES INTO
- ANALOG CHANNELS 10 TO 17:
6 SET MODE SWITCH TO PDP8 MODE
. 'AND PRESS 10 PRESET KEY. ~
©"".. 7 PRESS START LS KEY TO SET TAPE
| TO LOAD POINT MARKER.
8 TURN ON, SIGNAL SOURCE AND
PRESS CONTINUE KEY TO BEGIN
: SAMPLING., | :

B
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- 65 - T . oL

9 TO TERMINATE SAMPLING SET ON
RIGHT SWITCH 0. THIS WILL
. * CAUSE AN END OF FILE MARK 4
X . TO BE RECORDED ON TAPE AND THE
- TAPE TO BE REWOUND. "~ :
"10 TURN OFF SIGNAL SOURCES .
11 REMOVE MAGNETIC TAPE FROM -
. + THE TU1l0  TRANSPORT AND REMOVE
‘ .THE WRITE-~ ENABLE RING FROM THE
REEL. ‘

-

SAMPLING‘RATES -
' SWITCHES RATE
0000 10 "HZ ‘.
- 0001, 20 HZ .
. 0002 50.-HZ2 ¢
0003 100 HZ
0004 ° 200 HZ
- 0005 . 500 HZ
~0006 1000 HZ
0007 2000 {HZ ‘
HALTS -~ FOUR HALTS ARE PROGRAMMED
HALT1~MEMORY ADDRESS 0300
TAPE CONTROL NOT READY |’
. HARDWARE PROBLEM.

HALT2—MEMORY ADDRESS 0303 - 4
ERROR QCCURRED ON WRITING
A TAPE 'BLOCK. CHECK TAPE "
STATUS -REGISTER (DISPLAYED
. .IN ACCUMULATOR) TO FIND-.

~ "+ ‘. CAUSE.. THIS WILL USUALLY
"BE A' PARITY ERROR DUE TO
IMPERFECTIONS IN.THE .TAPE. '

kS

, MUST START AGAIN FROM THE
BEGINNING

HALT3—MEMORY 'ADDRESS. 0314,.
TAPE DRIVE NOT READY

NDICATES TARE NOT TURNED
- ONCLINE, OR HARDWARE
‘PRO LEM ’

HAL:é MEMORY ADDRESS 0330 -
. NORMAL END OF JOB .
'DEAD END HALT.

NN R R SRR R R R R AR R SRR RO NN NN NN

EJECT

. THE RUN' IS ABORTED AND YOU .
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J/PROGRAMMING HINTS FOR IBM '370. FORTRAN'

16 BIT BINARY IS "INTEGER*2" = .
AND IS READ USING "A2" FORMAT. -

" LABEL PARAMETER FOR DD CARD T
+1S "LABEL=(,NL)" - S '

DCB PARAMETER FOR-DD CARD - =+ .
IS "DCB= (RECFM=FB,LRECL=16, . ~ -+ - .  *
'BLRSIZE=4096, DEN=2) " .. '~a.’ S

NOTES ON DATA RDPRESENTATION :

SAMPLE

' //B3x
/]

10
"6
-
“lOO
/*
17
/)
/7

.

//GO:

.‘THE FIRST TAPE BLOCK (256 RECORDS)

IS ALL ZERO VALUES
DATA VALUES ‘ARE IN THE RANGE -511 to +511 -

~ “'EQUIVALENT TO =1 V. TO +1 V. AT THE ANALOG
. ;INPUT

d

v
e

PROGRAM IN 370 FORTRAN
PROGRAM JUST READS AND PRINTS RECORDS

XXX00 JOB (3xxx xooa, 5, 59, NAME,
CLASS=B, REGION=100K MSGLEVELm(l 1)

M//REDPRNT EXEC FORTGOLG
.//FORT SYSIN DD *

INTEGER*2 VALUES (B) e .
READ\ (9,6, END-lOO)ﬁalues o R
FORMAT (8A2) ' , LT S
WRITE \(6;7)VALUES , B S
FORMAT 1(1X,814) S
. GoTO 10\\\ o oL S
STOP - A e e
END , - . . . ’ "\_
FT09001 DD DSN=SAMPLES, UNIT=TAPE,

DCB= (RECFM=FB, LRECL=16 , BhKSIZE=4096, DEN 2),

DISP={OLD, KEEP), VOL-SER XXXXXX,
LABEL~ (1, NL)

. ) o ‘ |
“BJECT.- % v e Y
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2.0 sess300 v a0

Purpose .

P

Thls is a Subroutlne Package for SOClal SC1ences

. Program whfch was chosen to produce a least squares

fit on' the calibrationydata.-c‘. , o
2.2 Technlque ) - . S .
. -0 A ’
Multlple llnear regre551on is "used and a'polynomlal

equatlon 1s,f1tted to the data.

2.3 Program Control Cards’ o .

As it stands, the program is satlsfactory.4 Should a . . -

. user desrre.more“data polnts in %pe callbration,’or want
- ' ) . t . .

~to go to a higher order‘equation,'the following cards-

will Bevexplained. Detalled descrlptlon of SPSSBOO T

qw

'w111 be found 1n any computer systems reference llbrary |

- d l" o .‘ . . - o y K o . C . .',‘.,I
. : ) ' . - . I

e . Yoo , ‘ . . S !
'2.3.1’ Number of Data Points o ’ o : Ce e
’ThL$ card starts with # OF CASES. ' ' ' T \U

In columg 16 type the des1red number of p01nts 1s

’ -

,1nteger format

h .
2.3.2 Order of Equation - L ' :&‘ . :
A COMPUTE card 1s necessary for- each power of x.: J? - N
S From Column l type COMPUTE then 1n Column 16,
| type X2 = X**2 for the second orden. o . . o L

7

For the ‘third order another COMPUTE X3.= X**3



o

-
w .
L .
.
.
,
Oy °
-
)
.
.
L)
.
’
¢
I8

L]
-
e
'
g .
-
)
o
0
A
o
.

‘;"REGRESSION card

—card is- necessary, and so on. - - . 00

‘Data Cards. ,; . . ‘. PR B S

" Column’

. : r
Ll .
' h N o .
-« . v . . i
O ‘ .
1. L "
(-]
¥ .
._:168 = . . . . -
' - P r : 0
' O N .
. ' ' p ']
’ . 2 3
.

8

VAll varlables in the regre551on must be listed on the

. o .
v ' 9 N b

For a fourth order-equetlop,tln

9 M A 0 L

column'ls of thlS card type N s e )

. . H s

. VARIABLES = X X x2 X3 %4 /REGRESSION = ¥ with.,
X X2 x3 x4 (3) - ,1, . » - EMTE

Igéntification

. . «
y N e . . cr 208

. :
(3 . . . . . . -
. LR », . . . .55 N
. Y . . . *. v # 1
.0=6 . .. 0 .= .voltage. . . F
3 2 '»- : . 0 1 _‘ . A LI - -
9 B o . T —_— =
. . ;
6-12 . - B velocity . o U
. 3 RS
v . 5 K , L. R
. e 5 . E o
v ; . i . i X
. o . . g .
=
- ., -l,' - R
Sample Deck . - ,
C I , }
. Ll o o b .
+ M - 4
* .! - «
» g ' . 1 s ™, [N
. . )
- = . 5 .
4
- - ‘.' ™ . “ T
T \ . i
. 0l . [y " '
r 51 v i e
. ; }
i (e . * -
1 ) N N
» b ;»
A 3
N
.
2 i
- N o . b - .
’
= 1] [ s A . -
.
. . .
L] -~ -
0 »  ~
2 .
.
. ‘. U . *
: . :
. . o . p . N
£ ' 1" "9 S
o « ‘, ! a .
’ 0 i g ' I'd -
1 g
. - - "
. - % ' -
- e, T T
+ ' . ‘.
A *
1 . . -
’ o e L DY
» ’. v 0 v
Nl . - .
3 ;
+ B ‘ R . s - L.
.
; » &
F g [ ¢ _"
. : ,
n e ', . o 1 ] . . ’
- ~‘ . i N =
) N . '.' . o
. ' : “
’ ¢ L] : Y .
g v E o f L
0
a + v
A
) & ‘e - ‘ e » 3
4 . ; . ' ¥
. ' H t ‘ - . .
e = .
. ).. r . ‘ . - -
] ! ¢ , & - s ‘
- 1o M = C LI}
< . 3 .8 H
i L e
. .
- : - . v, % .
+ . .. :
b4 . 8 -
# '
R =
* ‘w bl .
e L] =) . N *
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«

/'//&lemome JUH cswlu.buaF 5.2) TlrbIN,CLAss
e MbuLthLntl 1)

/7 EXEC' SPSS300, éARM 1aeuw

 J/SYSIN LD . %

RUN NAME " " LEAST. bGUARES FIT
VARIABLE ber XY

.. INRUT MEDIUM = CARD --
< INPUL £ URMAT 'PIXLD(EFb u)
. #iO0F CASES 10

L)

COMPUTE + " | X2=Xak2
CUMPUTE S XSZXRRS
RL(:R!:.J&I()N

. - 4
/il ,
AS . ¢ .
. - .4
1 w
»
r. 1 -
., g
- B )
fp A
N . M
. h T . ~
U . .
e o e e
R ) I
. v
.
;
“
1

REGION 150K,

/,‘

' VARIABLLS:X Y XZ X3 / thRtSbION-Y HITH X X2 X} (2)
~blAlle1Lb ' ALL :
. READ . INPUT DATA
S, o b,

N e co Yo © -

e

ey <
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3. DIST

¥

,3;l , Purpose'

\' . o DIST\analyses the turbulence 51gna1 an@ produces

G

o o the flrst four central moments of the frequency dls-‘

L]

;Frlbutlon. ' The relative  and absolute frequency histo-

L

, ‘gram is plotted. o I v
3.2 Technique ;-
e ~ As mentloned before in the descrlptlon of the

o ' . dlgltlZlng ‘Program ADTAP2, the flrst block of data is
| . R all zeres, so it is necessarylto\sklp this part of the‘
‘tape. In the convérsion of the voltage data'to,velocity
there are four parameters'of interest:' LYREC represents
the bals voltage used by the Lyrec tape, recorder to
ellmlnate most of the mean component of the turbulence
. 51gnal ~ AOUTVO is the DISA anemométer output voltage
at Zero flow veloohty | Thus 1t 1s_neces§ary.to sub- -
tract AOUTVQ from_the signal yoltage'to.obtain the
‘true reference.zero,a and add LYREC to the\signal'
‘f; . yoltage to establish the correct magnitude aboye'this.
zero. The third parameter 1s AMFAC which contalns the~
' correctlons due to transm1551on cable reSLStance,
.scallng of the tape recorder output to the PDP 12 and
the correctlon descrlbed before to the Lyrec tape re~
icorder bias control, Flnally, the series of parameters

1

Al, A2, A3 A4 represent the callbratlon coeff1c1ents

o

obtalned from the least squares fit- program, where Al

\ l:l'”;.(" ned | E” | A
- o ;‘ ' ) T wm ! U%.

il . ' .
. . . B N . N .
. - . . .
_ . . \ . 3 ' ' .
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0

.is the constant, A2 the coeff1c1ent of X A3 the coef—

ﬂf1c1ent of X**2 and A4 the coeff1c1ent of X**3

Subroutines.
. o ]

Subroutlne HISTGM is a sllghtly modlfled version of

’HISTGM found in the Waterloo Fortran Subroutlne lerary.

.

Its[functlon is to prepare the hlstogram. Note'that

o

: negatlve veloc1t1es ‘are recorded as zeros by the calﬂ--

'1ng'program DIST.

1

¢

3,4, 'Proéraﬁ,gontrol Cards

. DIST carries.out its fun 'ions:for each channe;.for
j. . which.it receives the foiloning.pair'of,carde.: That
is] if three:channelé gre to be"sampled) then there
: w1ll be three sets of, these following two cards.
. o s

. f
[ . . - .

'3.4.1  First Card

Column | Identification " variable - = Format

o
Name - - \L

S 1-80 o output page
o . : ,headings des- : co
- icriqing problem - Title (20) 20 A4,
>, . . N 4 . ‘ B . .
..~ 3.4.2  Second Card ~ﬁ o
) Column %Identlflcatlon : 'Varlable  Format! .
L S o, * Name ' oy
1-2 . - not used - . S ; 2%~
T . 3-9 7 . calibration coef-. Al .. F 7.0
a s ficient. -~ .. c
.10-16". callbrat;on coef— ‘ A2 7 ~ F 7.0

ficient



\\

" 31<40

CSlumn

[

17-23

24-30

B 41_.-.507."

" 51-60

" 61-65 .

K

166-70 .

,whefe,XXXXX'identifies the tape.-

71-80

-Idgntifiéationd

- 72

+

‘calibration coef-
ficient :

calibration coef-.

- .fiedent

&

tape  recorder

. bias volta

o

" anemoméeter “Out-
put voltage _

amplificationi;’
~ factor -

‘-numbér of. cha

-

L3

nels to be sampled

_sample rate

. iy N .
number of

4

3.6° 'Sample Deck

BT

®

3

" - poinks sampled.

/

-

‘
[y

Variable
Name -

A3 . v

*

;_'\4\

// DISP = (OLD, KEEP), LABEL=(,NL) VOL=SER=XXXXX,
S . v . 2 ’ .

»

Q.

te

F

' This nust bé‘changed‘wifh-each tgpg{ - The éafdigeads:f§ )

-Format

7.0

'The second last card.in the deck identifies the mag tape-uéeé(
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st .
. . v
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. R .
. . B
. N .
o . R
. B ' R
[T e .
, . .
® LI «

. I
. o AN
i e co
. N - ' .
. A o
I n~. -
, . . .
: at N .
“ . - .
[ . .. e .
. "— -
N .
. . ‘s .
. e ' : ' .
¢ -
‘. . — B
. .
,o Ty +

N

. T L o *
' 3 . . . .
- L . \ . ] )
N - . - , ) o . .
* . . . . - ul o, e
- . ' B . . .
. N ' .. A
. . . q , . o o .
1, . 2 5 . c
. M . . . . s . . .
- . f v et
.. .
. - L ~ .
’ .
hd P ° L " . e )
- 73 - Lo e . .
= ' - " N 1 o N d . - . R . . AN . I3 .
M - . . - v - .
o . 14 . , R . .
- , . .
. . . . . o
, e Lo . C . .
roa s - N - N N b4 N L '~
. <0 . - R T ' - -
2 . s Pa— L o o R -
' v L ‘ e . . . - B
0 - oLt . e, .
. o - LR . . . - . .
. : P , LY A, v - .
EL ot b LA R
. . . . M 1 N - . - N
R X i o .. : IR ,
.. .. of A K .o . Co
, - - R . .. -
. , - Y A} . T I
PR I N - . ' N H
.o « - B . T T ",‘ e .
' . " e . 4 . I
! ’ ' - e -

o . (/ TAPE NUMBER. CARD [
REy TN S S L e e
S /sscowo cARD . | i o : | A

/FIRST caRD ..t ) _J S

///60 SYSIN DD ® . 1 )_J o




N a
, : - if‘
" L. N ..

mMes e
,‘(;_/ ,.' //L mluo99 Yoy (lem 6998,1ﬂr2)pTIFFIN RFbIOangﬂK ;\;s§=a:nsGLEVELélﬂ

v
:
T ey *

- //8TLP2 EXEE, FURTbLLb _ . DIST o
/ZFURTGSYSIN QU ox b T . L .
¢ * kA lel *** S E . S ST
e BY KIC HUULIu SEPTEMBER 1973 R L L Cooy
. 7€ TUKEDUCE TAPED CURREN] METER DATA - T e
i ] v CA' . ———y = : . . . N ‘
: R lNrthRka thcsl ,‘
' , . " INTEGER F(20) s JUNK(6), Y(2u)
) REAL CMID(20),0M(4) FLYREC,CH(3), TITLE(2@), RF (2@)
‘ " o CUMMON/SFORIT/JINT o F o MAX o MIN, JUNK ,
T v CUNMON/FDHESS/Y,CHID - C
o DAFA 1Ru/s/,1PR/o/,leﬁu/ . -
. - C . : : Lo o
PR e ’-j;l}IALILAIION o ST ‘x.g o
: 1 N 2v ' a . LD o 2 . “u
L DARE P SRR RS
) . . MAXS 1%} fard ’ .. e . ° k 5
. L DO 2-J=14 JlNT e IR 8
AR -A A O PEY B : R
coe o Nz : '3
, .. LINESELQ . o ’ .
: P bu 3.J=1,4 IR PR -
. 5 0M)=0 . . o ey
S 12 A S
o c - .. ; ) a s
c . Re A COMTRUL PARAMETERS .
i : READCLRD, 181UFEND=BOB)TITLE
S 4+ \READC(IRD, 100B,END=8UA)A1, A2, A5, AL, LYREC, ABUTVO:Aﬁ}ﬁC ICHAN KrNMA)
S RIIECIPR,2070)TITLE
| B o RITECIPR,2060)A1, A2, A3, A4, LyREC;AOUTVU ANFAC ICHAN, K/ NMAX -
. C . ) .
c . GK1p FIRST WLOCK ON TAPE®. . : .{ ~
o. KEWIND LN T AU B
L Lo 4 1=1,256 . : . I , o
‘ 4 READCLIN, 1u2p) REC o L "_ PR .
c '4 . ' I » o ¥ ! -" . Lo . ) .
. C CLACLULATE mAX VELOCITY L : -
: .+ CARKR=LYREC=AUUIVU . - K N
( L e "VULMAX=CAKR+1, ,
e ‘ - VELMAX= (A1+Ad*VOLHAX+A3*VULWAX**?+NQ*VOLMAX**SJ*AMFAC .
c o . . '
Jo g, USETUP CLASS INTERVALS | _ e
| T . SCALE=VFLHAX/JINT 7 e .
v U GO MYM J=1,JINT . A P ;
. L ‘IHU‘LﬁID(J) SLALE*(J-U 5) : .
c yﬁAu A RECORD o . ‘ R . e
A 208 DU 231 KK=1,K : . : . '
y oo . 23w REAUCUINS 1020r END=R2@ ERR=91H)REC ‘ -
. NN+1 , . L i ‘.
. T . h Ut - B - . -
\ > ‘(5)' N ' ’



. . ﬁ%
| EE R
C REVISE. ACLUMULAIURS L ‘ 1

VOL=REC(ICHAN) /511, +CARR
vtL—&A1+A2*VUL+A$*VOL**a+AutVOL**$J*AMFAC
IF (VEL LT 4B OINEGNEGH] ( R
IF(VEL.LLT.0.0)VEL=0,48 ~ :
ICLASS= 1F1X(VEL/oCALE)+1;
- FCICLASS) F(ICLASSJ+1 |
DU 210 J=1,4 . _—
219 UM(J),ou(J)+VtL*kJ
IF(N.LI‘NHAXJGU T0 200

- EALCULAIE nowtnrs &BOUI ORIGIN
224 DU 50¥ J=1,4

©3uw OM()= OM(JJ/N ' T S -
C ‘_ ' ' ’ >
c CALCULATE CFNTRAL MOMENTS | : ~ T

T CM(1)=0n(2)=0M(1) kA2 ' ‘h‘-

C(2)=0M(3)=3,20M(2)*0M(L)+2, AQM(l)**S "
-: LM(s) OM(4)=U, *OM{3)%0M(1)+6, *UM(&)*OM(IJ**2-3 *OM(IJ**H

'C CALUULATE RELATIVE FRtGUtNLIES L
S DU 318 Js1,JINT oD . -t
319 RE(J)=ELOAT(F(JII/N. L : :

- C 0 TABULATE RESULTS - - - A S T oo
SREITECIPR,297TB) TLTLE - o e
WRITECIPR,20W8@) ICHAN, DM(IJ.LM ) ; o :
. WRITECIPR 2010) -7 C e
e DU do¥t Jz1,JINT ST
4vY wullLtlpk,emau)J CMlD(J)uF(J)rRF(JJ R
) wKIIt(lPRldUbu)J% . . . e
.wkﬁlt(IPk,aﬂouNbb L Y
- C ' —— . ' . ’ R R .
c. \PN;PAHt.HISTObRAM . . L 'f‘ ' o .
o LU 418 J=1,J1N1 - o . K .
IFCR () (GT  MAXIMAX=F(S) - - o " -
LW IR (F(J)JLTJHINIMINZF(J) : - o
CALL HISTGM(TITLE, LINtSrN)
e Gu IO 1
C : o ' . : - :
cC - EnD UF Jow -, L e B RIS
duo ARLIECIPR; 2030) ¢ - -
Shgp o o

- o
e

.C R .
€7 HERE FOR 1,0 EKROR
1990 wRIJECLIPRY 3W0B)J : o : Sl
3gue ‘FURMAT (1Bl 0 tRROR IN FIR&I BLOCK , RECORD',15)

‘ bu 101 . . S

91w My ' T e ig:.‘
: CARITECIRR, INIAIM. - ' A N

 3uty rURMAlt'wlln ERROR IN READ ATTEMPT'olb) L
ly 220 - ) - L g



CC . FUNAAT )[ATEMENTo ' : L o

'6wmw¢ IFEMIMNEWLRIMINS]

- 76 -

108U FURMAT(CXpdr ,0,5F10, anlb 110) . -

“l0lu FURPAT(20AY) . .

102v) FURMAT(BAZ)

T 2VUWY FURMAT(IUDATA- REDUCTION FUR TAPE CHANNEL' , 16/

A VUNEANY,TAW,E13,.5/) CENTRAL MOMENTS = SECOND', T34, FlS 5/

Tk vy VTHLIRDY S T3WE13e57.T20, '"FOURTH! ) T30/E1345) ,
2010 FURMAT('=FREQUENCY DISTRIBUTION'/ - a e

K WLLASS ~ MIDPUINT', T0X,'FREWUENCY?,6X, "RELATIVE FREGQUENCY! )
?U:U I’UHMAT(‘“'pIS Flld 3 ISXp16'17X'F7 3) . ' -

250 FUHMAT('IJOH COMPLETED')
2049 FURMAT(VONUMBER OF NEGATIVE VFLOCITIhb‘ 17) .
2050 FURMAT(!'ONUMBER OF DATA PUINTS READ',110) - '

2060 FURMAT(IWPARAMETERS FOR THLIS PROBLEM'/ 'OCALIBRATION COEFFICIENTb
' A1, T32,F10, u/Tal,'Aa'.T32 Fie, A/Ta7. 3 ,Tsa,Fxﬁ ('Y ,
AT2T, VALY, T32,F10, 4/ ‘

* & VALYREC!,T32,F10,4/" AUUTVO',TSE,FIM,
ST VBUHANNEL NUMBER',T32,110/1 SAMPLE RATE
x| NUMBER 0OF POINTS RtGUESTPD'.TBB,IlU)
eolu’ FURMAT (11" ,20A4) . _
©.. END
SUBKOUTInE HISTGM(TITLE, LﬂNLs,INJ o8
INTEGERF (28) Y (1), JUNK (6) . ' .
JREALCMID(28) ., TITLt(BBJrLINt/'- - V/PBLANK/ZY 1/ ,85895/ 15958/ ,GRAPH
*aW) : ] .. : .
cLunnuwwumwum FyMAX,MIN, JUNK : e T
CUMMON/ZFDHSSS/Y,CMID : : -
VUS34dell=1,20 ¥

' AMFAL.IT320F1@ “/
IT3?I119/ )

353 GRAPHYTiI)=HLANK - S ' .

30V ARLITE(6,49Q0Q)TITLE

NMAX = MAX=MIN+1 ' L ; R
~ * SUALESFLGAT(LINES= 7)/PLOAICNMAX) '
" eC=1,/SCALE

VUSSHI=1, JINT : o

334 TLJJE (F () ASCALES 5)

re

 BYGYY LFCY () E&%LL)hRAPH(J1=$$$5 , e Lt g

SLINES/Z3W C . . .
_ IP((LINkb N*38).LE., S*CN 1))H—N | A ' g ..
. NSKIP= Nx30+30=LINES R » T o RN
297 LE(NSKIP.LELY)G0 TO 298 T T S o
. LU4e99 T1a1,NSKIP I S
299 PRINTGGhZYA - L : ' S oo

298 T KS(MAXASCALF+1.5) CL

- FREW=MAXAL1QW, /LN
‘LINES=LINES=T o : B , . L
DUBIBESIALY LINES e e T A T
LbsK=] ' : e a - E v
IF(LL £U. u)uUIObpuwi ' Y S A
DuUBA@ALI=Y , JINT ' e T

TLUUARLTE(G)Uw ¢ TIFREQ, GRAPH , - . e
8NUS rwru FREWmSCAIBO./IN - e L :
ST+SAQINT /U o v,

U0 1. NRIIE(b,QdﬂMb)(LINF.l 1,M) L ) :

: ' Nﬂllt(b4qVUMB)(CMTD(M)cM {,JINT,3) " : ’

. WRITE (6, amwwq)(QNID(ﬁJoM =2, JINT,3) t ' v
WRITE (6, 460103 {CMID(M) r 237 JINT, 3 o St
LINLJ LINtS+Eﬁ . L : S

. ‘ . 4 . . u
- e .-°.<,' ' ’, T ,a
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SR I
) o [‘Ssadaz
. T T 49045
‘ | 4Ygso
- -[.3uueu7
. {'_uuvgu
s 44099
R K ,! 4v310
. . 4vp2v

- " .. R s
i S e
o

. ST e

S

/YGU.SYSIH
28
T =AepS58/ 3.b94u-5 3uqb 23694

.RUN -
/k

A
/7

.
- ks

PSS o

- P-4

FORMAT (!

END T

«tTURK'. Tt
FCRHAT("-;35A4/J L
FORMAT (' LAISTOGRAM- FOR:: .ZuAd/)r
P\RMA7(F9 2% X s 2PAS5)
FURMAT (Y. “,19X T(G12.5:3X)) .
FORMAT ¢ ,aux,T(GLZ Se3X)) - o
FURMAT(! !) . ?.f
DL }:

CTAPE © ENGO28- © CHANNEL 1

~

~ 'S . )— >
~
~ 2 '
tad °
i L4
B “. . A .-
R el ) -_...r“‘ .
RN - . T 3;‘?
- R : “

FREU %';6X, 7(5120513XJJ >-

{411

h"//Gu.FTddedl Ve LNIT TAPE,DCB (R&cFN-FB LRECL 16;BLKSIZE QB96,DEN 2) 4
. ClsP=(0LD, KEtP):LAutL =(eNL),VOLS SER ENG228B

.
0 GBB

1,@5

1

:5 |

e,
) 49
- -
. \
. . . .
B ]
X oy
'L
‘@
q M .
Ny
. ]
Sa
~J
|
[ :
. L »
12009,
A
k-4
PR i o
* =
- 3
I o
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4 - PREP AND BMDO2TX. . ° ' . S
4.1 Purpose

'BMDO2TX is a modlfled version of RMDO2T whlch is & Lib= %’—‘

.

L _“__rary program performlng_spe%tral.and-correlatlon analy51si-

The modlfled version w1ll accept up to 60,000 data p01nts.

c W

. : . Although BMDO2TX has the’ Capablllty to do cross corre= |

. . K ] .= —

lations, cross spectra.and related statlstloal analyses,

* it was used he;e onl o give a list ahd plot of -auto-
: . . C ’ i . . .
covariances and power spectral estimateg with a linear
’ ’ Iét.and a linfear.logarithmic plot. PR is a program
D . - . . . . * - '— , . ) l' . . t
- _ o that prepares the data and calls.BMDO2TXMfrom disk.
.::;Y.‘h . . ﬂ; - L ,' : . ' . ‘ ) ‘ .
S -Y'; " } e ¢ ' . ‘ B
4.2 Technlque : \ S
. ol 4 ,
p L PREP uses, the same statements as DIST to read, anqqgon- .
vert the data. Detailed spec1flcat10ns on BMD@QQ\and )
<} V) ¢
the Fast Fourier Transform technlque will be found ;n- ‘
. ; . . v L . .o O
’ " . any computer systems ?eferehce library. . . ‘ o jS
‘ &- : : o ] '," .
.o . - ' C A v L
4.3. Program Control Cards R Y
. .‘ , '. . ’ .
4.3.1 First Card ‘.‘,“ . '
ThlS is’ 1dent1cal to the first card descrlbed 1n DIST %
4.3:2 Second Card ) o : S
This is’ Ldentioal to the second'cardggescribed,in b§ST.
i : R O . :
PR W JCL cards o f Lo '11" Ll
The tape’ number card 1s 1dentlca1 to that ﬁescrlbed in &
[ .-‘.‘-4' ’ . ’ ! .':! : ' ’
.- ' D,IST. . . -
- - P 2 Yoo foT S
s 0f .Q_‘ a

N AN
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BMDORTX Cards o T Yy
Theié“are threevcarde in this section, a PROBLEM card, .
a SELEe® card and a FINISH card.- To change the number
of channels read and the operatlons performed, 1t w1ll-
be necessa;y,to refer to the’ detalledﬂdocumentatlonwon""" E
the prog}am gn eﬁsjstems refefenceliibrary Hoﬁbver,'r~ T .
it will probably ‘be useful to vary the sample rate and. | o
'the number “of p01nts used to dlsplay dlfferent aspects.n : fx;
of the data. It was found useful to use a lag of .05 g
seconds to dlsplag detail at hlgh frequenc1es,nand a lag :
of .5 secondS'to&ehow trends at low‘frequencies.
“ . o P ) ‘
. ' (3
PROBLEM Card . ;- '
'-Co{uﬁn . e identification
. 146.' | d J. h o type.PﬁdBLEM'(mendatory).
T R e o s . : R A
7-12, ‘.‘-.._b 5 R ©  .type RUN 1 ]
13-25{* o " . blank- -
30-31 £ type -01
32-35 S | "
36-42. 4 0, ° |
"43:ﬂ7 | - | ate‘or oonetan£
. in secpnds,'
" 4-53 :
. . ’
54~68 L
- 69-70
71-72 ‘ B )
 73-80 ber of dat

it 110

Lo
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4.6 Sample Deck . o ,S N
- ! ' ’ " -
—_ - - —_ ’ l“ _‘..-—.H.‘_.
- . . : . '
a8 . 3
’ r "'_
; . . [ i ,‘ et
. ¢ JeL, .
; - N e / '
- . 7' BMDOZTX CARDS
o R ) - ' f ¥ T
N TR — )
SRR L * ¢ TAPE NUMBER CARD . ' A
e ‘ , L. = : - 8
s eh (L JcL . a '
- . o SECOND CARD 1 e .
: ( FIRST CARD . ﬂf’* 11 : , :
- : ._J/ ) .
. oo : (//eo. SYSIN DD% , |
) l.\ . ' ) (/‘ T . .. 4 L - S J ‘ .
. A o 1] ' ) \.
' / e R .
,( FORTRAN PROGRAM .~ ) y
- o = g I — ! ]
- (ucu. e . ‘ -
w d . . -t . )g_",
SR Vi i -~ $ . *
. Y - s . e - .
- ) ‘.m Y ‘n . [ 4.
Y. - a T :
> ’ ) ~ 3 ‘
.. .~ ‘ - l'g e
Bl ’ . | « " K v
"’ ‘ ® ) - - o '.
: ’ - ? o Tt RN \ e
: o N - ° T , , ,
- -, . . )
c." ' . , ' 5 Co s .r . L ' . R
. 4.7 ,i.ls.tﬁngm e . | .
. . N ’ -\. . 1 t A
v . . “ Lk v ;». ! J
» :I ‘1:'?1 : ! \ ’ \ ' 1 ':' '
‘.. ' .. . . ) - ~ Y - ’\‘ \
. ‘ - ‘. 4 B A ‘ ~ .’ ' .
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/7E3010098 Jun (301%,6013;1U,£J TIFFIN,CLASS32S, REGIONaswﬂK MSGLEVEL!l;
/7 TYPRUNSHULD L ,
//73TLPZ EXEC FURTGCLG o PHEP L ' : ‘ o \
—_— //fuuw.sv§1r4 Db * - : K ’ -
. c - ) . ‘
: C - ‘ikAﬁPHLPk*** - . . . . ! .
,\\\ C BY KIC SUULLS NOVEMRER 1973 . o . "
. E 10 PRE.PARL S,TIFF IN'S DATA FUR BM(MET ' ) .

UHLGE;RAa Rt(.(&)
INTLGE R wUT :
REAL L YREC , )

, REAL v&Ltamwou.TITLt(aﬁ7 .
DATA IRU/‘:»/,I.P_R/b/,INIIS@/)\(JUT/M/

Q

. e
L
1
-
1

’
C ) . . . ' -
C KEAD CONTROL PARAHETERS}, T
e , READCIRD,1B10)TITLE ' ' i
- W READ(IRD,1AW0,END=BAB)AL,A2/ A3 p AL L YREC,ADUTVO, AMFAC, IC”A”'K'””“’

-

CWRIIE CIPR)200@) TITLE -
WHITE CIPR, 206001 7A27AS5 0 A, LYREL:AUUTVU:AHFACpILHAN K,NMA§
. CARitz{ YREC=AOUTVO ‘

o \ G . L . -
% | c SKIP F 1RSI pLoCK O TaPe (7 R
S . RLWIND IN ' S
= LU 1 I=1,256
- 1 READ(IN,IWCBIREC . 4#
- C s . ., . '
L READ ‘NAAK RECORDS AND CONVERT- TOVELOCITY . B
‘ , LU LEY E=lNRAKX . ‘ o T
- ; " DU 121 KKs), K : S
o 128 READCIN, 1wam.tnu BOBIREC :
' L . VULSREC (ICHAN) /511, +CARR ’ ' o
' - 1y VLL([J*(Al+Ad*VOL+A3kVUL**d+AQ*VUL**S)*AHFAC o
“laNNAXH] o o . '
' _ , amu I=]- ] . o
- : leT[(UUI)(VtL(JJ J=1,1) T : S )
| . -G LNu-OF Jos o, Lo '
' . N WRTTECIPRy2(A30) : E ' o oL -
- L wRITEUIPR,2040) ] o . aE
WRITE ( IPRY aﬂbw)(VLL(JJ J=1, luv) . ‘
AN '
. C . B . ; . - ,
SO C . FORMT bTATkMtNTb : | T e e ' -
oy C1ovd P URMAT (2X/4F 7 ,0,3F 16,0215, I[W) ‘ S
‘ . 191 FUKMAT C2uA4) ,
1029 FURMAT C8A2) T
.20MY FUORMATC LY, 20AY) - -
2050 FURMAT ('=INPUT FUR BMDB2T LX) PREPAR&D ) ;
! A . 2040 FURMATC'W!, 11, POINTS fRANSFtRRFD') "
L7 2p%¢ RURMAT ('WINF FIRST 1u¢ ARE', (' ',18F10,3))
N7 2060 FURMAT (' =PARAMETERS FOR:LHIS PROBLEM'/ '@CALIBRATION COEFFICIENTb
e = A, (32, kY, U/laI,'AZ'std Fiv. a/ra7,'A3' Tsa,wa 4/
L S EY VIR FE N S VI
e - o VILYRECY, T52,F17,440 AUUTVOY, T32,F 10,4/" MMFAC Y} T32, FY0, a/ B
: A TUCHAWNEL NUMBER ', T32, L14/! SAMPLE RATE!, 132,110/ :
T * NUHB&R of PUINIS RtGUthED'rT3apIJHJ L . C -
. tND L ﬂ‘“"
. AN l’ . . B . . , .
- g ,
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VT : : L . X
.//bu.aYblv DD Ay T R P LS
RUn 1 TAPE 082897 CHANNEL 1 R e S .
=8.3587 346940- 5.5aab 24 369a ] 593@ d4,845 . .’.1,95;'==1 54 .- 12v0
/k 2 - } { ’ ’ L
L 77GULFTLUFgeL DD UNIT= TAPE DCB=(RECFM= FB LRECL= 16:BLKSIZ& qwqe,DaN a),
/7 | wISPa(CLY,<EEP) ,LaBEL=(,NL),VOLuSER=AN289T7 - .
776U ET11Fgel- DU UNII.sYsDA SPACE=(TRK, (25, 180)/RLSE) S LT
// - QLSP=(NEw,PASS),NCB=(RECFM=VBS, LRECL=X,BLKSIZE= tmum o )
//STEPZ EXLC PGrz=aMDE2TY - Co ' o
/7STLELIB DO DSH=RLTF 195,840, LOAD DISF=SHR , '
J/FTASFIVL Db DSNz*, uTtPZ GO, Frllfaﬂl DISP-(OLD;DELETE) :
//FTuSF 381 0D « T
PROSLA Rutp. ) a1 199u1a1 ;50" SECOND T £ T 12uui
SLLECT YES Lo B1E 21 oL .- - e N T A
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- APPENDIX 2 ©

LIST OF. TURBULENCE

- For Disa equipment in Canada, write
4 R. W. Spafford '

s Canaden Products Ltd. . A
Box. 1411, St. Laurent:
Montreal 379

P.Q. .

CGS Datametrlcs hot fllm equlpment may be

C.G.S. ‘Datametrics - -
127 Coolidge Hill Road

Watertown, Mass. 02172
Y.S5.A. ' ’

~

INSTRUMENTATION-

L

A

'MANUFACTURERS .

g

bt

%2

ht o W P

obtained from’

>

Thermo Systems hot fllm anemometers may be. obtalned from

A Thermo Systems Inc.'

- , " 2500 .Cleveland Ave. No. -

) .. St Paul o .
' Mlnnesota 55113

.EPCO..'electromagnetic flow meters are made by

'Engineering—Physics Cempany .
-, 12721 Twinbrook. Parkway
. Rockville

Marylanad 2'0'852
_U.S.A.

‘For the fluldlc anemometers, wrlte

FlulD‘ynamlc Dev1ces lelted
3216 Lenworth Dr.

Mlssa.ssauga, -Ontario-

. o

\'I&e address for comInerc1aJ. vortex meters is

J- Tec Assoc1ates Inc. '

Cedar Rapids

- Towa | 52401
U S ‘A

o

14

i‘«h""”” ol

., . 317 Seventh Avi S.E. = .-

A




S - APPENDIX 3

CALTBRATION SCHEMES FOR HOT FILM PROBES - S
. L - - s 4
An obv1ous choice for a callbratlon rig 1f the equlp-

»

'vment is* avallable, is to mount the probe and . anemometer on- a
towing carriage and pull it down-a flume." 'Palmer (1973) cali-
brated his probes this way. This is an accurate method but

requlres the avallablllty of an expensure and elaborate tow-
[]

ing tank system, and suffers from the drawback of . the experi-
'. .menter not being. gble to change the temperature and sallnlty

of the water 1f desn:ed o AN

s

_Res_ch. (1-9.70) descrlbes an e'la'bora'te' closed circuit re-

. B ] . “ . B
- © - ‘ v . . . 1

. . . ‘ : H -4 I. ' . ) 3 ¢

‘circulating pump system which again O6ffers excellent control -

of velocities, but must be sperially made for corrossi_ve salt :
N N ! . v .

(L8

B wat'er i Again, t‘his system is‘expensi've and cdmbersome' '

"For' a fast and cheap method of callbratlng hot f11m _ .
.probes, Gallagner (1973) has devised a system comprlslng of |

a 3.5 1 beaker of water, several feet of clear.flexible tub-. ‘.
ing and an ;upright' 1ncite tube. three -inches in di'ameter'by"' ( '
abont a foot lo'né. The probe is hung sensor down behin‘d'a .
| _ screen suspended from the top of “the- luc1te tube. Water

flows from the constant head breaker (adjusted by hand and ' b

S o

51ghted by eye) v1a the flex;Lble tubing to the base of the
- luc1te tube -and then overflows at ~the top. | ‘I‘hls'glvesvf‘alr_ly '
' -.ac‘cUrate results _at “low ve.lovcrtlesy,‘ .wlt,h an ..error'of .about

N . - 0 . B
" . .
LY a . ' . . . '
D , R SO P



"

. t e ' O
) .
. < ..
-
,

Rotatlng tank systems are more. expen51ve than 'o
Gallagher s method but should be a’ llttle easier to use

once set up, in addltlon to belng more accurate Rotatlng

tanf< systems ane’ small portable and relatlvely cheap,

]
’

Y

g

t-hat' is’ why we dec1ded on such callbratlon dev:.ce - Brunelle,‘

GauthJ.er and P‘lchOn (1969) descrlbe a callbrator that usgs

o

.a small varlable speed DC motor to drlve a plexu_;las tank o

- -

: 1lled-w1th water, and glve the results of thelr extenswe

L] A ) L]

_i V) Stiéati? J.nto 1ts\ performance._ The rotatx:,\njg tank we .

machine fnstead of fotatlng the w ter,. and havmg to, wa:Lt
r ' : ¢

for the veloc1ty fleld to become uni 5 at eac;h speed
: ® .

: settlng, "t is. better to rota}:e the pr'obe 1nstead and' use

a slip rlng for the. probe cable. Frey and McNally (1973)

b
I3

used such a des:.gn and found it saﬂlsfactorﬂy except that B

€ . ¥

" their sllp rmngs:generated too nuch n01,se ‘and had to’ be,,

"
-

bypassed usipg a 1ong cablea In the. authcé‘r's_ (experien'ce 'w,ith'
"hot film ,probes mounted on igh.speed . r'otating drums, even-*

cheap sllp rJ.ngs Wlll not 1nterfere w1th the system, . S0 thllg

system ;Ls t‘he ohe recomlrended

. . o '
S o a. ‘ 4
i . v . : . .
. - B ‘ e

15°Y
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