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'mesemlrx;ratealgontlmsareoftenpmserrtedmthefomof

. 5

nemogra& such as the me 111ustxated m flgure i 2-1., Unfommately a

_ intarviads w:[th vssel operators i Unforhmabely, _desplte the best

: '_' In this area :t lS often difﬁmlt



Flgurell-lece:_,A i




A physicnl moﬂel of the marme icimg“process mlld l)axtg several
A:,v:applicatia\S, mcluding , ! i

. 'Ihe dévelc;mmt and evaluatim of the model requixw cmpansms-m.\tl\i\

actual joe acc:retions For this reascnmany mseamhers seekmg to
develop a l:hysicral mdel have ccnstmcted test facilities wpable of
reproducmg marine :Lcmg cmditicns : '

'_‘atmosmeric icmg cmditims In v» : |
i -tif.flocated at: the University of Q.Jebec at duemtimi at the Naticnal

) j_rp.rt Alt‘hough ma;meichg is an extranely carpliczt:ed pmoess a -

1

‘-.‘— B

MMOfﬂmeavailablewatexhitsﬂaestmcbxe?
S ' how much- of the. water that hits freezes? .
- andcncexthegi:stofreeze rnldoestheicegrw"

- '.'minimizing the 1cing hazaxd through I
- ass:stmg in the design of de-ic:mg and anti-icu:g LT
IR sysm " ™~ . " o -
- fpem1ttn'g more acmrate and str\x:ume spec.ific o
;jforemsts ~of the 1cirg hazard T

g L

omerracuitms”" | T e
A rmber of vind tarels have cootrctad to simlate

N

—-Reseamh eouncil, at the Umve‘rs:.ty 'Ibrcnto, and at ttie University

v' ""‘-_'of Alberta l-bwever a11 of these facnities are designed for »"_‘ ;
"_";"_,‘simlatim of frésh water icmg a[S] In onier to smlate’ marme L

W conditims a facility has to be capable of ganerating a clcud of brine

.': dmplets susperﬂed m a a:per—cooled air sﬂ!‘m 'mere are ml
B :facuitis wrmntly in operaticn for 'chis P-W MM they ane
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by means of a series of nozzles mmbed to the fan hcusirg mile thzs. ‘4 |

is a si;_xp;e ard :Lne;cpmsxve design it does mt ailaw w cmtrol of
:: the envirawrtal caﬂitims Bemuse of its nelianoe cn nat:ural
phemmem to generate hoth wind and cold tatperatures the degree of
ccrttxbl available over f.he env: parameters__ is limited anr.i

'- ccnseqmtl e y tbe namge of the erinent

Amsqtﬂsticaw mcilityisinq:eratimatthewowagian

! /;-':"Ydm"‘l “m"“?ﬁ' Trondheln, Norvey. This. facility is

basimlly a horiza:tal open loq: wind tunnel which relies m low

." outdoor ambient air talperatures fcm cooli.ng [7] and is illustnted in':.',':' :

“figure 1 3—2. B A‘ ' imilar but nuch smaller tunnel is operated by the
: Instimbe of Marine mseardl in Helsmki ruuam_ With thése wind o
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cmtml over the .air ta:peratme and allow for a more unifom wa
B 1 4 mwr Facility

Ino:dqctoprovidetheoamuedenvixmxtnecessaryforan

a rvefngexated mrme Lcing wmd ’amnel (MIWI') has be?n cmstructed
[8] 'Ihe bas1c des:.gn of the faculty 1s a vertical closed loop In

"‘*’iﬁmc ?_-l rmber of sosmstmated ustnments have bem ’
use in this fac;.lity to measure the 1mam env : , . -}

.Also, an array of perfomance tests have been run whidx include careful p

[

f_ -._f_‘"_‘;»d\axacterlzatlm of the air temperatur wmd speed in ene um]

"v'tion 3f the heat transfer and thermodynamics of mrine ici.ng, '
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5 Table 2.2%1 . Caracteristics Of the MIWT.

'23 ccupmmts ‘;“-'/

: &nctwork
refngeratlm system

.'spray gmeratlon systan

oy __:.l- ‘, l?"

apprmomate relatlcrstup of each of these cmpormts to one another

NS

2:3.1. mct:vprk
! ’*tz 3 1 1'mct Elements

One of ﬂae mst mnovat:.ve aspects of t'he t:unnel ccnstmctlm can

beseeninthedslgnofmeawbmrkltself.

sectim. ‘mesqua.recrosssectimnade 1trelat1velyeasyto

| '.'<pre- friczte in sectlons and then hOlst the sedtmrs mto place..:v_'

K} “:':‘

L is ustrated »by the sdmatlc in ﬁlgure 2 3.

’éasfacuitatedbyoasuuctugtrewallsofuesane-"

i 3

-

- )51 )

S EER » -

E ‘nxe najor cmpaxe.n{s of the marme icmgf.nd tunnel are the.o

m."j .

'nnmajorltyof the o .

/fb.n'n'nelductbmﬂcmsquaremcmsssectlmvaryngmsxzefm

- 2mx2matﬂ¥1wspeedreg1d\sto05mx05matthe£ﬁst

layer oﬁ flbm:glass sheetmg lammateci to the inner surface w1t.h

ccntact cenent ‘Ihe polystyrene not cnly *provids tRezml insulatmn

hxtisalsoamjérelanentofmeumelstnx:ume 'mefiberglass
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-_'__,"::prmtects the insulatlm anr.l adds additlmal r:,gldj.ty‘;to the stmcbme

usﬁr;at:vo—ﬁartepmcytoglue

S '{the joim:s ardto a&:ach fhe plywood flangas to each end of the duct:

| elanents 'Ihe elamm's were%m bolted together usmg a la'
necprme gasket.mg mterlal between each set of flarges to :

ot

»(jomts and to allcw for e:-:pans1m and contractlm of the irﬂivmual

‘e.laneuts 'Ihe resultmg tunnel ducbwork 1s llghhﬂeg.ght, ngld well
g __,3f~f~:m11ated corms:tcn m:l.stant and ine:qaers:.ve wbm calpared w:.'dq

,,—.,.'.J

'Ihe only elenents vf the ductwork not. castrud:ed us:.ng th:.s oy

"fﬁjlmtedmtelyupstmamofmetestsectlmwhidmhadtobedeslgmdto

“j-allonorthesmooﬂxtransmmnfranamezmcmss-sectlmtoﬂae

-

rasearch mto wmd mmel oontractlon shapes and thelf“ effect on B e
“-_drq)let tz:ajectones performed by Hr. & Iam [9] 'Ihe cmtractlm was

'05mx05mtestsectim 'Ihedqﬁ:xgn(oftmselanettwasbasedon :
S S I

! - ccnstnx:ted by laymg flberglass up cn a wood framemrk'- : ‘meoi:her

"‘elanmt of the ductwoﬁ: requ.lrmg spec1al attentmn wasthe oa'mectmg

: was fahricated by the technmal servmas sheét met:al shopthe »

;hdifﬁzse.rbebdeenthecumlar fan amletardthesquareductmrk..-

‘S




fill the sc:nem;slots ![he test secum itself is illustratad by the

. chosen by sirst estmting the ‘total pressurs lowteipected in the

un-mel moamlagarﬂOSmeSmincmss-eectimwith:Dm

fwaus has-tho wimws (cne large a’ni ane. smll) v to pami{:_j accass' to
" . the airstraam 'nue altm.rm ﬂarges &t ead\ end of the tast sectidt "'“:"‘v";'

: upstream and dwnstmam of the test secticn vmid} can be used 'co hold-fﬁ-

reduce the risk of danage caused by toolsk{irstnmms dmpped :Lm:o
t.he ductwork mr:mg nomal tmnel cperaticn blank frames azva used r.o

.-_,samatic An’ figuze 2. 3-2 and the picm in fiqm? 33
z 3 1.3 Fan ' , o TR T L

.:'; Py mmm f]_w fan,wm an_,inpeuer dimtar of o. 965 m;'-j’if'!-“"f{.'
s ﬁsed to cim:lat:e air tzmmgh the dxmmk" ‘The £an 1: be:lt drivan
I;‘-"-'byﬁan eoctennlly mmtad vgég : . curr ptor.: i
-f‘:fff;}'_f__'vmum in wind ssed 15 attainad using ‘this system by vuyim the -
s ‘»_'if,speea of the rive motor. This particular fan-motor Gombination vas.

ducumk ccupled with the max:im.m desired wim spegd (m— tlow ratc) 1,, |

2314H»ws
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Figure23-2 Sdmticofﬂxetestsectiquulustratirqﬁxeposmm
R ofﬂwewi:daﬂsarﬂscreens R _
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o 2 3 2. natrigeratim |

| é:hennlcaml‘:antbasedmtheexgectadheatirqloadaxﬂﬂumbﬂmm

};.atta:lnable tenpmwre reaned ma tobal haat.ing load on ﬁn




ermble their aria'(tatzm, ccnflguratim and dastame tron the war!d.ng : _!’_f.“
sectimtobeeasilyaltezedarﬂaxsﬁmizeddepetdi:gmthesimﬂatim
- pequirement ".‘ In onier to change the d-xara_cteristics_of the spmay, ‘-;_._,

diffemnt mzzles are used at a miety of ﬂw‘rat‘es In ou:der to

accurately simnate the penochc namre oﬁ mrine qcnd:.tions, the spzay
cgnbep:lsedmhgasyshsnofsolmidvalvesregﬂated@yelectmﬁlc .

“ timers. Jhe solenoid" which regulates. brine fldw to the nozzles is
locatedascloseaspossmletotlmin.o;d;rtoreducethetimelag
beunmumﬁ:gmaxuoffmesprays In{nami:d:qtanksalam

mtararecaﬂoinedtofomabrmesomim 'missoluticniSthen

cizwlated' mn:iLt'he desn:ed water tatperat\ma is achieved at which o

- pomt: the holdirl; tark (now full) can be Lselated fmm t:he restfthe
systahandpresstmized lurprassure is ﬂmusedtocmemehtm
-t out of the lx:ldmg tarik ard down the 1ine to t.he nozzles‘

o:derto'keq)thesystanfrmfreezmg atﬂnsetmwtmﬂmespﬁrayis'i‘*#
smtoffh:ttheairtemeratmemthéumael isbelwfreezﬁgtwo

i tadmicpes am used 'Ihe brine solutim cam be cmstantly ci.n'.ulated

ﬂxrwghﬂ%li:asf:unthemldkgtanktoﬁwemzzlesolemidarﬂbadc
toﬁnmi:d.mtnnk Inordertoke@thenozzlesttmelvasfrm' \-
freezmg unmosmticauy cmtrolled neaters‘*aa used .
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foaxsesﬂ:ed\ortwdsofthewalmsudiamm&abbythetimeit

sectim as illustrated'in 'ﬁgl‘ne 2 3-3. . Unfortmately even with this

- ofugntbymh oiffcil‘im.r‘im: lenses %:,( 'f |

N

| ﬂ\e;i-ntodiodearray mstofunlasesareloutedinmem

A 5 milliuatt: heli\m-nem laser is med as the 1ight souma ""As‘

iHust:mted in figm:e 3.1-1 ™e beam 18. ﬁ.%st collimated im:oanoval

and+16m) inﬂ:efmm:
ofthelasermmtmbe Xﬂurdcylmm lens (+3oom) then

readxesﬁxesanplingregimﬂxelightbeambecmesamlldefﬁnd

rihbm of light An daject:we lens (60 mn) and zocm lens -

(29 mm) ‘are used £o magnif

~~fill the optieal array.‘ .A dove prlqnbewaen‘ttme two 1enses allows

the instmment ho viéw “sidaaays" by re-aligning the oval of 1ight with ~

cpuml tubes wbid1 can be seen f ;
probeinfigmB 1-2.-,_ nmfammﬁtelmjomhgunseumsis \ |
cmsedbythereﬂectamofwaterd:q:letspassi:gﬂxrwghﬂ)erﬁbm
of laser light in ﬂae sanpnng ):egicn o {_-..._-,: T S ;_ S
' horizmtally amd insert:ed in,to the test

PR N
Al

cmfiguratimthempst;lldisr@tsthe flmfxeld.._'mereareof
course paticle pessuring
atall wmtelymmgxmstofﬂnsedevicesmkesﬂm
prdﬂbitive at pu:eeem: A practiml altenutive m:lghb be

hastnmextswhidxdomtmtrwemtheﬂow |
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assmptim Ithasbem@ggateduntmenqmwaterﬂmmtemth

" units of grams per square meter per second-be used. This probably a
mreusefularﬂlessmnertainquntﬁythanthehqndvatercaﬁentA N
Itcirumventstheassmphmoﬁallthewaterdrupletsmvngmﬂuﬂae:‘   

. a;rarﬂiswlatedtoﬂxellquldwatercameﬂtbythewmdspeed Bt Q-‘f._

\, . . : N ! ' ”,;'ﬂ“",

c N, AYeanpmgsnstnmxtsmde;szoamcuvitypmbeis- |
. available tommi&mbrme concentratims Using this dgvice salmity/ -
readings arebasedchh{aemasuredcarmmwtyarﬂmmany

cmpmsat&fortaxpe;ahxmbydnect],ydlalﬁ'ginﬂxebrme |
. teiperature. Eadlbatdxofbrmemixedcanhed.\edcedusmthls
probe It has an- avauable range‘of"'o to 4o ppt w1th an’ abaurdcy of +1
pptandcnnbeusedoveratexperab.lmrargeof-z toc+45 C': 'Iheprobe
glves an amlog readout of saluuty ' o : ,' e - o ~' '
3. Velocxty G R R

SN

. - T
LD

, Auvelmxtymnbedetermnedbyheamrﬁgt&dlfferentlal |
pmssure acmssthe cmtractlm or frunap:.tot*statmtube Usmga S
vanable reluct:ance prasure transduoe.r and anpla.fler ﬂus prassure |
dlffeneme is nrnitomd as ‘an analog voltagé s1gnal and fed dlrectly to

‘ the data acqu.isltlm umt. . In addlﬂm the differentlal pmssune

“; across the cmtractzlm is. relayed toa cal;prated analog volmeter on

’ theccntmlpanel 'Ihlsneterslmlldonlybeusedasamghguldefor
setti:gmspeedsmitscalmraumista:peraumedepemem |

i cx;peromstam:an ('I\-type) ﬂxermcaplesareuSedtommtorthe

', b.mnel tetperat\mes At the\;.ine of pabhcaucn thare are four semors

n mplaoe, aadedimtedtommelgalrtmperamreardthmetothe

A

4 L SRR - | it S e s e - ’v '. L




S

2;,::"."-'1_,‘ stpwn m flgm:e 3 6-1 the oa:puter is a:ﬁewlett Packa:d 9000 series R
: ' .': model szo. Us:mg an mx-na parallel caumcaticn bus it cammicatas ', :

Spmyedwatertmberaume ‘Ihevoltagesmtedwﬂ ara
r’elayeddirectlytoﬂxedataacqmsltlmmit‘! PRI e B

actmsion wue 'nus insurs that the dat:a acqqisitim unit' P ,_'i: P

referenoe jmctlm ean be Lsed effectively. 3 If l
wnewezeusedamgnifmntermrequaltoﬂaediffmin

ta:perammbemeentheextemaljmctlmarﬂmemferemejmctim

(m the data acqn‘sitlm umt) A digital xaadaxt device

o ,cn the cmtml panel has also bem supplied tc enable the operator to

1ofthedatameasnedbytheaboveinstrmmtswiththe
e,mm Q; the. saluuty :mfozmtlm cafr be relayed directly to a

carpm:er-alded data acqu,sxtlm sysbem for storage neadout or furthav Lj g

, xve]pclty) .a:rﬂ:tatperahm.j'data.‘ It*shmm be mted"ttntfs ot these
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_:back to the ccnpxter
R 36.2.Sofbdare St A
T 'Ibdatethreemam software apphmtiashavebaendevelcpedfor




"easnybedevelcpedifﬂemerinwﬂstomammoﬁuqmﬁty .A
'me strucmre of this pmgram mkes use of a mdular approach based cn
separate submxtines for eac:h mjcr fmctim._ _' Pl e
‘ mquid water ' f measure:ents usirg the c. s I.R.O. ng devﬂ:e
can be obba:lned using the xmt; mc z Olfmrtine 'nus program is also _-’:7 -

 " mdular in nature pat mt based o sm:mn-.m Ins'cead the mm
'»pmgra‘m has been divided into separate blocks foreach mjm: task 'Ihe
‘valtage ,,', ‘- o the m of by the m wire
";_elamm: (-va) is- fed into channel 0of the data acqﬁlsinm unit, 'mo
periods of data adquisxtmn con:espmding to measn'ammt of dry power
and tabal pver ‘are req.ured for a measxranent ofl llq.u.d water ccm:em:

"Ihe dry power readmg is. nomally taken fnst: and ccrstitut&s a _
méasuremem: of the am\mt of power ccnslmad by t:he sensor elanent due

totﬁa fomed 'cawectim of dry air floving past the prmbe The, amount -
'6f»paercaanmdbyﬂesasormﬂerQOHQMforcedmectimard
the sensi.ble and- evaporat:we coolmg of the spray is rvefen:'ed to as |
total powermeasm:elmt 'Ihe liquld wate.r cmtent is. detamjmd by ‘?‘i |

cmsidering mly the power nesded t6' heat and vaporize the spmy, known:
asthewetpwer " Itistakentobeu:edlffmbetwemtotalamJ

'_'acq.lisitimofdata fruntheOAP QAPI:RIVERZOlcahbeusedforall
“com:roller for themP A, data vqnficatim sequencaﬁrsg mitializes

‘the camnﬁcafim bebaeaxﬂ:eqm devics Data is then acquired at a |
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Figum36—4 nngingftmtimldiagramfcrtheopticalarray
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s1gnificant1yskaled Ane)énple ‘tbis'canheseminfigmeas-s
.mdxgivesmermvdataasi_itwasd!tained‘amaqaparismotm
masmmmm'mfmmﬁmmmummm i
'mecorrecteddistrimtimmmismleissigniﬂcmtlymm

the 1eft which would irdicabe that'there my in fact be- a la:ge ruﬂaer

of dmplets smnerthan 1o mmtmewmedbyﬂwm? mm“




’;~~rxnt or. DAY 00 00: 15 .»,{Cﬂ L:f;,"‘.,

£ INTERVAL(SECS)  15.0
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B
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: above) u@ividjng it by the volme of a:i.r est:lmted -At;o.have passed
'f.;l:jf-:»  through ‘the light beam cmrin; the sanple 7 'me volune of air
i '{_sanpled mi-mg a gim intetval is m to be the pmmct oMe
beam area u:eamm wi.rd speed ard the sanpnng t.ime for that

"fis useful in visuahzi.ng this q.laﬂtitx ;- _;' f SR
; '_ '_ canp te is czpa}ble of pa'foming ﬂme cnlwlaticns as often
A R T Y

% asanemrysecaﬂ Attheerrlofthetestintexval whenallofthe

J ; s

desizedsanplesravebeentakm ttaeptogmwill_tlmplotboulthe
median voﬁ.tﬁﬂ’diameter and t:he liépid waterapatem: as ﬁn'x:tlms of
time. i a\ zr* RO
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','Mmadditiammisreq.umdtoadueveamstable

mq:e:imtaldata gfcmrseatlﬁm‘whﬂspe.edsamlowtmperaunes

c hrreaksdownbutas shwn inflg{me 4.1-‘2 formstof

- wuw g e e
mm fora desimdairtelpera‘b.nea!ﬂ

| Alﬂu:ghtimeuseofpanﬂspersq.nmi:ﬂxasﬂ:emﬁtofmmfor

: _:'}_presmreismtastmaxyl‘tils'apmctimldbmehem

' because the- pressure required is also measured in English units. In .
ordert&savetheeffbrtmqmedtocmvertfzmmtrictomglmu:e |

above corrrehtim is given in pounds per sgxare indl

nmirgmemefthesetestsitwasalsoaetemimduntm
,'_jf.‘;:‘jmmoftimereqm.redtoadxieveastable_ : e whe rtir
trmen initial temperature of 20 degree
35 mimtes 'me i;ﬂtial coo dwn is typically less than 20 mnn:es

celsmswas m t.he omder of

tanparaun-e “mis is especially tme of ‘the Towest attaimble e

42» mw . . "
It ia also inportmt to e:m:lne the
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F:Lgure 4. 1-1 (pe.rating tarperature xange data... L R
S (Note cmtour lines mdicatg P=f(w,T) surface)
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Flgure 4 1-2 Overall operating range of Marine Icmg Wmd Tumel wim';l'-i:-i-»‘-‘.m,

useful ragim of P=f(w,'1') surface ind:l.cnted



| .-,comexs of t.he test sectmn prmanly beczuse the comers axve ditfidxlt
_- ;_.',Itg access usmg a cawmtlonal pltot—statlc probe si:noe the tsst:
.usectlcn winiows do mt ad:end all the vay to each wall 'me most

mpormnt thmg to nort:e frcm these results J,s hcw flat ead1 of these

"-f_j1twasdetemmedthatthemaxmmdev1at1moftheflowmﬂxetest _
= sec'tmn frcm the va:'tlcal was,lss than 1‘ ‘ It iB POSSible t° say. then-' :
S that the amcunt of swi;rl m the au: flow cnoe 1t readmes the test

_.'prof:.les 1s aver t.he entlre range ofwind speeds

;;;;;

In addltmn some attatpt was‘;i f 3= -estmate the mmt of sw1r1
_ 4’ e m the air flow at th mst secticn. ‘ ‘mis could be

| creatsd by the fan and would show w in the‘test secticn asa vanation
,. 5 m the yaw angle of the velot:1ty vectqr m the test: sectlm. ﬁ‘\g i 3
| tube yaw probe with the two wt:board tubes chamfered at an anle of 45.jf_' e

L sectlm\:ts negliglble. Vo Vel e ’f.n..v;; 'i_ s o D

In order to detemme the mrmleme dnaracteristics 11: was i

'_j‘j“neoessaxytousea flow sensormﬂla fastrespasearﬂadata
) a,acqu:.s:.ticn systan czpable of mctranely h:.gh acquisitim xga';es 'Ibe
51gna1 fran a 'ISI hot fllm anam:tneter was taped on an mrecoxder ahr.i

played back mto a PDP 11 alt2 a digitizing rate' o 20',‘000 sanples per

sm Usirgéofwaredevelcped’by me'nedm mlmgiheerirq
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A% m :

i dupllcatad in the mosr tunnel s
i mﬂm intmsitywas calmlatedbyﬁrstta)dmﬂu";f Xz . Rt
"»l";},;'.'_;velocity for an entn:e set of data (26 6 eecmds) arﬁ then dehemining |

o wmd umnels are of the same o::denof ’mgmuxie'mt f"n,""' calplete.ly
: dlffexmt belmiotn's For the m tumel whxdl has,a castantspeed

lead to t.he spea:laticn that the amum: of ﬁ‘ ey being dissipated

most llkely cmstant in the m:s'r mme; whic:h is mistmt with the -
B constant amo\mt of energy bemlied to drivae the fan. : ngéva; the
: j.MIWI' mtensitles nm'ease mth mcreasmg wmd speed inplying that the
S amount of energy ‘being dissipatad is. zimreasing lgain this iﬂ
'ccns1st:errt with the increasmg ammt ot merqy beirq sumlied to the

o -:"variable spesd fan in the MIVT. - Tt "srmldf’be,' mted tmt ‘thase: mos'r )

tunrﬁl zesults, whidx indimte an average iﬂw:sity ofthécader of 2t '

are m direct omtradictim w1th those abtaimd’by sroka [11] whid\



d 4.2-3 Wind speld,asma function of position measwed ona, .-

CFi

plane through the center of thé test section.
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1 "-f"""'L screens hm Wy heem' dm;ad in t.histim

/obsnous 'me integral time scale.'was

o i lzo m._. 'mis is the acpected :esult for a“wjm tlmnr- J: ! tha fan
speed 1.8 kept consbam: and there\ are m other va:riat::lc:;-;s—_inme flow L

*f_ﬂ(pg 66 in {12]) "

Aga:m the mm data aﬁaear to _fpllow uxpacted _trends

. ‘stl.vtale decreases with im:neasing velocity which embles the Ien;th scale
"‘to be mdependent cf velocity and minconstmt t amu:mdmtely £

g cmditlons 'me m:wr data does notv'_'follow the same betavicm: Bo'ch (.

explanatlm could be t‘nat the effect of the aiffepnt fan speeas'used 5
Ut alter the flow velocity dm'ges thevery tum" ‘of the umnm
In fact the lergth scales.vary d:mtically .frcm 10 m at 10 nVs to

Explanat.im of the differing umlmacalemﬂts i ess' ‘
powe.r spectrum back to ze:m fzaqamcy .in‘-the mmer described by Hi.nae__ - -

'metime'j

N

-4

ani 15‘\9‘31 scales j.n:reasewith inqraasmg m w m

facmties that should be noted m Tt
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: pe.rfozmnoe It. would be adv;able to imestigate the effect of thesé
: d;ffenng turh:leme dxaracteristlcs on ice accretim bna way to _
g approach this might be to run paralle.l wet icing aqaerimnts in t.he wo
| 43 Spray S R AT
: Anather aspect of the mmel which has been uwestigated is the
'perfomme of the sptray systen Particular attentim nas been payed
| to its raspcnse time in mpmdming pulsed sprays 'me purpose of the L
,p\usmg systen: is to mdel’ the pe.r;i.odic rature of hrine spray. qenem:ed 'f-zrj‘;.?l_. :
byship-*wave mt:e:actim. ; Aswttia'led éarllerp.llsedspraysm
(e gerirated

q 4

) perfou:mme of this systan t.he 1iq.lid watar cmtent arxi madian volume

- @
["‘asystanofsolem;dvalves Ino:dertoevaluatethe
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f(mct:.m of time: . On Time - 20.1 sec; -
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= Figure’4.3-2 Palsed spraytestalwing median volume dtsneter as“a
i fo.mtimoftim o on Time 20,1 sec.
S Cycle Time = 5783ec v
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Mlmﬂ!acunseofﬂ,eseperf

detemM‘that in onie.r to emum tmt the tumel will cmtin.:e to
‘) Perfom well there are a nmber of inportant minw“me
;:“bath t.he b.mnel itself arﬁ the mm being used il; the}-facili’cy




fresh mter daily and namved’ weekly fcr a nm:e ﬂmx;h ult‘r.asmic

mst likely to a;pear in the fom"of salt ard water deposits cn the

N fﬂ.\uhui mee for'eve:y'-zo hwrs'of cperatim ar‘on the ou!dsr‘ Of' fm
| veriods of mmal use. 'l‘he mzzles t°° “ﬂl be

"ﬂ-a"‘»-;':'"ff_'_vvqlmu:able to ﬁ'n conosive effects of hrire and mst be ﬁusbed witﬁ
'Ihe instnmxtatim partimlarly the QAP and its sensitive optics
’-fstmldalsohed:ed:uiweeldy forsignsof saltdegradatim 'Ihis is 3

mirrorsandexposedlense Anycmtaminatimoftlmemrfaceswill

dramtically :ednce the intensity and fonn of tbe light sarme ) In an'

.effort to the need to cartimally clean the. optlcs Y:f the mpi

i 4an air puzge should be used to maintai:n a sligtrt positive pressu:e on ';}:.:
the prd:e at all times Witlmt this air purqe it :I.S possible for a11

| B of the prmbe s q;t:lcal surfaces, mcluding the end mirror of the laser
.-{itself to be cmtaminated S . ', -
< Proper maintenance will be'an inportant factor in. e
" ',-,juseful life of t.his fac:l.lity - at any tme the fa ity is &

i «"cjidle for la'ge;;‘ than a week 11: is inportant that t‘ne settling chanber

o Q
- ;--_efan, nozzles and mstnmzts be thora.:ghly clea:hl All of the

" im:emal surfaces ofﬂmedu.:ctvmkslnﬂdbecleamd at least cnqe‘per

ﬁsguarter with pa.rtimlar attem:im to the evaporators. - T









[ Vertical "
~Contraction

L cmfiguratlm. :

. -."sc.'."m> /-v .I._.‘ .

obnquenwoft;pemwrinitsmusimm:im'




- upwa:d mov:.ng clwd It should be not:ed thou;h that mlike saﬁe other e

use for this facnlty

’?‘ 2

- to trﬁ heat tra:sfer between a warm surfaoe and t@e cold a:u:'stream

-_"h.tgh altihxle cm:liticns

Oold reglons heat transfer research fs amﬂ':er area of possxble

'emrmmSMastlwserelatmg

o cculd readlly be performed In addltlm other apphed expenments stx:h
g f.as an thlgahm .'Into the perf.onnance of the.mnsy;i'm us:mg the L

‘ oold an' as a heat smk ane poss:.ble... =

; v mestlgatlons of ant:.—;cmg and 1ce momtorng appaxatus are well

Deperﬂmgm:thesmeo theegui;nerrt f\éll ormodel scale

‘ o fw:.t.hm the scope of th:.s fac111ty Icmg apd meteorologlcal

B facilitxes designed speciflczlly for ha:.l gmwth 1t 1s mt possxble to =
'\ lower t.be air pressure w1th1n t.he test sectmn :m order tso s:.mlate ?

WMasﬂ\osedescnbed mc:hapterB havealreadybeenused

m ﬂus fag:mlJ.tyand scme mter—oatparlsons have beennade It is of
‘ course a great advantage tomake use of a controlled env1mrmen&when
”_"attaspt;mgtocaxpaxedlgfermt mstnments ormeasurmg tedm:.quas

o



'menam’immatlmsmthedesmofﬂaemwrare

"-

,1t‘sabilitytousebrmesprays

?

L -the vertical onmtatlm of J.ts test sectim which will B
R _,elmmate the prqblems @used by d:.fferential settling of' ERRUREAERES
f-.,fumfomxty of the spu:ay dlstrlb.ltlm.v_, L

. - its: mmtlve corstru '"cn tedmique which mkes use of
"-..msulatlm as a majur stmctural ela:ent g

'Ihe mstnnmtaticn and datﬁ’acqusit:.m systen will cmtributa to
| thls fac111ty bemg a powerful researm tool.¢ It will dranatimlly
'.;:; the for tO Ly

mdelpmd.mtmnsandexpermtalremlts. Aiso, J.twillmkeit

possmle to anen:fse tighter ccnt:rol CNer the mcpenn\mtal caﬂitims q
bymeasurmgﬂwosecorﬂltmns qlfhcklyardaccurately & ’
| 'mepe.rfomameofthefacilltymeetsorexceedsthedeaign

tamerat\n'eomtmltoatleast:tOSdegreescelsiusWer
S { _'.'-_.'t'he entu'e cperatug range of +15° to -40 degrees Celsius

R _velocz.ty prmfiles and ttn‘buleme intensitiﬂs in the“ prinuy
flow dired:im of the order of 2%_"" : S



| e
7 *tlae dmracteriza_tim ?f.‘ mb.n:al marme ic;.ng mc:l.da'tﬁs thrwgh fleld

/

aner. R. -

Blackmore of the dlszsmn df meheomlogy

\\‘—:
: If—“




[2] Tabata T. ,’ Ivata 5., Ono N., Studies of Toe Accumia
o ,BQE_I NRC '.l\admical Translatim mc ’1’1\-1318, 1968

A '5[3] mzwslu . p., Gates E. n., "Harine Icirquodels_ st do tnay'work
LT Aardhmgmd ane_they?", 2 s : A )
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121 o

: 'mus tbe tatal estimted mxre drop for a wind speed of 5o m/s was
.'_JOf 12 5 B3/s fzm ths fan. . Using this infomtim it ms possible to ‘:_7“5.:1'

- select the fan and motor for the MIVT. e fan was selected based mi
the raqxired flow rate and pressure drop 'me dxosm fan was an a:d.al

'chosen fan’s perfonam:e d'xaracteristics it was posslble to detmmine

; .:_"alculatim rsq.:imd for the refrigeratlm system by the ongmal

e ‘-cmtxact:ed cut to the supplier.- 'Ihe total ant;clpated heat load was

_-_flow design with a ca'rn'ifugal inpelle.r mam.facb.n:ad by Nortbem Blower 5
' Inc., (speciflcally a Dsign 80 ca'ttri-Po:.l fan, size 365) Usmg the 5

. t:he amurtt of power that 1t wouId requme 'nn.s was found to be on the
© order of 30 kw (40 hp) In orde.r to acccmt for belt drive and other
":'j,.'lossesa37ldv(50 hp) vanablespeedDCmtorwasselected RENN

| "ivz.tomaneffmve mfmgemtlmsystanltwas ai
ecsbsa f ‘to estimate the total anount. of heat wmch would act agai,;st
the refrigemticn system in the facility 'Ihis was the cnly o

o ,desz.gners of thlS“facillty Because a11 of the deta:.led a%ign mrk was
v T
. -_vbased on a nmber of major ccntr rs as J.ndlcated m table A-z. S

_.:,jv=4m/s», 'r=-3o c e Heat (Q) MR

: Entramed a:Lr, fnct. losses 30 kw
er IWC of 5 g/m’ in'test section. 2238 i

jon’ - Through the tunnel walls. . 5 JW - .
'Ib linittumingvane icing ‘-2:}'6934

59, kwﬁ S

Ly

ST TableA-z Sunlmry of Total Heat I.oad forMIWI‘

‘o



ot to the sqppher's (cnm 'mem Design) specificatims 'n%
an téd total ‘heat load vas. used by the supplier in the design
pmoess t msure that the surplus eq.:ipmt would be mpable of ST
meetirq the neerk of 1:he facn:,ty‘ } ; , . -5‘1. o
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ao87 x

A dis- acquisition progrnm tor ule in thQ Harin :Ic ng
WInd‘Tgpnel ‘Up.to 19 channels of {nformation can: L "
-read 1 slmultaneously angd’ di:pllycd on: the. :ércon.J
QThe rnw voltage data. can. be converted into temperature
.or. vgioc%ty ~Each’ chlnnel of data. can. ‘then be plottedﬁ
iim . o - K

.ﬂﬂg;gﬁifg-: KP, 9000, _
SR UHP 3A9TA = data. acquisition unit,
' HP 2934A —vexternal'printer, (Unit 401)

Subrout(ncs E'Logdat f,' perforns the data cquisition.,J,' SR
C ,‘,,:}Initscrn - used by Logdat to initialize dliplhy.('
" iIngtvar o - initializes Logdat‘'s variables. ..
.f:;Pr;ngdét;:';prints data . to screeh. during: acquisitlon
" Printres. ‘- prints final results of test to _printer
o A L Teconv, U - ‘converts thermocouple voltngt to . temp..
240 4w e Lpitet”

- ( : ‘ : =f—-~—convetts pltot eubn voltage ‘to: velocl;y-
. 5»2503'*‘55'f':.~= T*_.;plocit ' ts : ] ’
P T R

%
x
!
*
*

‘1t*t!t*tt!t**!**tﬁ*t*tittt*tt*k*t!ttt***t‘**t**t**ﬂt **t**ﬂﬂ*it'l't*'**

Var}able:if Description :7

{1Internllly Generated

'-i?nc>-2 -
71u<-1coo-nt.

%,fTotal time of test. N ® 4
'gBarometric pressure'!’,“,
: Data .vegtor” (for plotg)S.
. X.axis label: for.plott,'
v.Total ting at: tett.7 %

o o o s o

Hchant-ls
lploe<-u¢ha
0¢WCplely :
O0<eTcpcely
'fEO(-Pcp<-19

Tenp. chinnel'potnter
lotted. chinnel pointer.
uunber ‘of points ‘taken.




' 590 I'Tltlet(*).-
*fGOD'! T :
610 1 'D$.
820 Y

630 .

P 640 Initielize

680 Des2
‘660 .- Time360 . - 1.
'x.ﬂur-mo £re

[ﬂrs Hins Secs]
[Dey Honth ‘Year]

L LT N

metric Pressure [mm Hgl

. ‘v-'

0. (19){307, Titles (19)(30]
.- 'DIM-T(1400) ,Dat(19,1400}), Y(1400) .
730 - DIM Sdlt(19) 5sda:(19) Heln(19) sdev(19)
,f_'ZsouixSet up logging menu
760 Mena: 't :
770 - PRINTER' IS CRT
" 'PRINT :PAGE - : . ; e e R
ftPRINTf"Acq. Rate Used to chnngefthe ‘data acquisition 1nterval o
- PRINT . . Currently iDt ;" secs./sample®. ~ - Lot ns
'fPRINT:'Test Ttme < Used to. speclfy the total testi. time
" PRINT * currently v 4 Tim; " seconds.® LSS
'QJPRINTﬁ”pgr Pre:s - ‘Used ‘to ‘ente deslred barometric pressure: L
.PRINT”ai N C‘rrently 2(";Pbar;" mm Hg." - .
' 3 3 cquisition procedure._
s-pr g m execution.,_,p o :

1 1are lk variables.~7 A P
,n]'uai 99 ) ,Tep(19), Pcp(19) Comment$(19)[40] Unxcs(19)t1ol
< s o R

stx 0“ GOTO Race B TP S R

3 (SPK 1% GOTO Testtim . - " i T

. “Bar ‘Press ' SFK 2" GOTO Barp ' ;~ A A

BEL "Start ".».srx 6" GOTQStart AT
’;wﬁouit.f;' . SFK'7" GOTO Quit"

' '9§0 ' PRINTER : 1s. cnw,:v;z'giv'-;-?-‘1‘,,j<<_: ;
960" . PRINT PAGE .~ T L ; -
~. -7970 .. PRINT 'Current data acquisition lnterval : Dt secs /sampl

©.980. " 'PRINT "Available range => Dt >s2 * . .

°..990° INPUT “Enter: new .data acquisltlon 1nterva1 ttecs /slmple] ',Dtt

71000 IF Dtte2. -THEN S L s
CTi018 " PRIJ'NPAGE e e
10207 ;‘f o j. ~ PRINT "Requested interval too short -
71030 'M;fﬁ,_ ;]:‘ ;. PRINT’ "Dt must be greater than 2 secs

PLOAO T U pRINT .

<1080 ¢ , '» o GOTO 970

- 1060 - " U ELSE: R T Rt
11070 L L Dt-Dtt S
© 1080 "END IF - . - o . :u o '
+71090°. - GOTO Menu . o o S hwel Lot SRS
.71100 TQsttim'n ﬁ T TR T S L O DI PR

. 1110 PRINTER IS'CRT . - =~ = " _v"l?,fv';.‘%.'*=*“-f~‘c.¥ A

L1120 ‘PRINT PAGE. . i "fﬁ B ". cE e

<775 1130 PRINT ““Current’ ‘total test time' 3 o

- "1140.. . PRINT "Available’ .range > - Tim (s Dt*lioo“”'ﬂfﬁf ,j'f'*ﬂ

L 1180 7~INPUT "Enter new test’ clme, {seconds] - Timt S e

1160 IP Timt)bt*IAOO THEN . S ; .4'.F

11700 L PRINT PAGE. LA

1180 PRINT 'Requeséﬁd time too lerge.‘vn,; L




: lliz/v; s 2 “TPRrNr "For '
R -m*uoo;' Secsp . ﬁ e
1200 et ﬂ? Paxur
5.51210; LT T coro 1130
e '1230»." ' LA *’rim-'rimt.
1240 END rr s ' _ '
S 1280 GOTO Henu
'-'5~f;§Oﬁ

. . CALL Logdat(D€ Ttm Pbgr Nchnn,ﬂplocVCP(') Tcp(*) Pcp(') Cntr T(*);'
) Sdat(*) Ssdat(*) yCON entsl*) Unit!(* !6(*),?1&190(*) T% Dﬁ RN

. aPrint«resul:s out to external pr'nt"
,;':anm 1S 401

X$="Time (sec)™ *
“!Ovaf; TO_Nplo

'nxny-n u(v(w))
';HaxyiHAK(Y(*))

"xs v;(x),71:1os(x 2TOR
gThen dump plot_,







.pbar,uchan ﬂplot Cp(i).ch{*’ Pcp(“"-% :
“*?5.) 9 Un 1.t,s~t # )~-,~z L2

‘“f: H@tduage

used: to:tnttialize-dis
1nitli1£zcs Logdat‘

“Data. acquisltlon rate
fTotal time ot tcst.;

luof‘plotted channe
Chnnncl pointc;./ :

Ty \’qt .
channcl duscrlp:tons
, ch




<.27800

N

2370

) baeo ;

Ci23900 Y

1240001

“2410'~7
'Wzizo

+24307 1

© 2440 ¥
"-4:0

f 2469. ¥

T2470 1

~.;2ceo -
T2490 )
2500, %
:25%0-
2520 -
2530 .
25407

xz§sog.;-"

. 2570
2580 .

. 12590, -
12600 1\
L2610 1

‘26209-.-3?

2630 1 .
2640-1
2658
26607

"”'r267o;ngin

2680
S 2690 1
27000
t2re
2720 0 ¢

2730

" 2740,

27500 v

2760
- 2770

L2790 .
©2800 .-
2819 -

- 2810) Vo

= 2830

2840

128500 .-
Intrtn "

'.'2860
2870

. 2880 -

" 2890
©.2900 -

2910
12920
2930 ~
S 2940 ¢
.T29s0r Lo

A J o

,\_

‘.

'

Ctime

L DIM W(19)-- S T
- DIM:R(3), 9(10) e wl;

. T§=TIMES (TIMEDATE )" -ﬁ;;ﬂ~g'r~:‘f3‘h”ff}f :_, . ‘[‘ f13f]~,;; 17’;”

Fi JCEND IF ¢ - L f':'fﬁ"'V ;  __.}Q‘u : vk;;jﬂl;

"NEXT 1

; ENABLE Iu%a ¢A409e

' 14;1;:;:iif

SN

v'Decl&re ‘all local variables

flnitfallze all Variables
‘CALL: Initvar(Nchan Tchan Nplot Cp(*) Tcp(*) Pcpl*) R(*) P(*] Commen

Lesn), Uni:s(-J Y$(x1, Titlest*))

¢ v. T , PRV

Initlalize the ‘screen’ to display Output BEEE
CALL Inltscrn(Nchan Cp(*) Commentst*) ts(*))

.Jnitialize the HP 3497A co take data., :[ _f‘ e o ‘,}v_,g:?gﬁ R
1dt=INT{Dt) sl S ey R

.Dt$~IVALS(Ide, 1b)'ff_;@‘w *, ;"”‘j" fv' S e e T

" CLEAR 409 . .-

TON” INTR 4. GOSUB Intrtnﬂ ' X ‘ - :
“ENABLE INTR 434096 - Enable Blt 12 of Interrupt Hask Reg1ster, SRQ
OUTPUT tos;"vr4 VDS soo Vao 529 AFO0, AL19 VN20 VT2 VS1 ACO RE1"

. CUTPUT “409;“TI"&DLs . =

Cwls

Ds*DATESTTIHEDATE)
“Enable the steP functi%n BRI SRR
pISp: " Stop Zf

. -»Stdps daé& acquisitxon procedure‘"
ON KEY 6 LABEL ”Stop RIS

SFK 6“ GOTO Exit -

Flcg-o D ‘*_“ vfffl' Do o S
‘Cntreo AT EL e ETRRRATI
EE Do noth!ng loop while watlng for data T R e
xr 'Flag STHEN. -0 v j."‘”} S
"‘If data {s read then record i; . B T
‘Ctime=Cntr*Dt" - 7 - _, 0‘ o [ P S S
CntreCntr+l - .0 . o o e
'CALL Tcconv (Tchan Tcp(*) R(*) P(*) Vg*)) SIS
. S CALL Pitot(1,10,Pbar, V(X)) B FE R
f,‘y - CALL Printdata(Nchan CP(*] V(*) Ctime) ‘
 FOR“I=0-TO 19 .

._'\

i ij: Dat(1; Ontr)-V(I) : @,T.; T I T R
AR Sdat(IﬁGSdat / Tl . SRR L
S Ssda:tx)-Ssda ,t3+(V(1) 21
A CUUNEXT W - SR T
: T(Cntr)*Ctime e tehe '“'ﬂ :
- S § 2 Ctlme)-Tim THEM GOTO Exit K )
a r Flaq-o R Moo ,

GOTO Hain L# .ﬂﬂ:¥{ ,:r?\ua,'f”:fﬁi cene j:"f:bi R 5'uﬁi_;”

Innerrupt Rouuine ‘ >3 {

P=SPOLL(409) . IR AR L T e ” :
CIF-Per6S. Tutu cowo Main B T T L T PR e
/OUTPUT 209;"VT4" Ano«vs"» e e T A e
FOR 'I%0 ‘TO 19" : N U o N

{NT'R ‘09 USING "ﬁ K",V(I]
v ,.,Enap@e'Bg;,12'ofilntgrpqpt-Hdsk-aegistéﬁ,y
, OUTPUT. 409,~vwz Ay AT T s T T

Y




2960 f, m-:'runu
2970 Ex-it . : ' T
00298071 -.;;.'Reset HP . 3437A data acquisltion unlt B
_ ,2_99,0_ . . "CLEAR.-408 " < i SR h e _
3000 . . OUTPUT 409,“}\!&* Analog Reset - S PRI
73010 ‘suswn R L ] RIS Sy




_ 3080
v 3090,
T 3100
S 3110
<. .3120
~.3130]

5o 3140
i..3150
13160
J‘SIZO

... 3180
3190
;ajazoo

- 3210 .
,»3220
. 3230
ST 3280
3280
- 3260
‘. "3270
3280,

‘;'3300
fa331o
Unibs

i 3320

3330~

S 3340°

73350

33607 - ¢
AR7Q0, - e

;;::‘&' ;
i o

B
1

1

1*= ; o "'3‘ *,  ;;.,;'?"1  1 5»/:,}.“

1
1
!

Y Comments(*) “Channel’ de§criptiohs

K
4

1w

3390

3400 -

tx .6 " prepares the screen in s format compatible vith-the/

f'v”';roa 1=1.70 19 ¢, .‘:~‘%5

sun Initscrn(Nchan Cp(*) Commentsf*) Unitst*)) . o :
t*tfﬁttt*tltttt*tt*ktt!tt***t*tttt**t**tt***ﬁ******tt****txtt*tl**t*tit
e o e R .
_tne:;lnit$crn_g,-u Dol e ;writ;en4w June 1987
SR S Wﬂ-&w' :iiz,"'” . 'Revised : Octobgr, 1987

e
T e
« U ;;.A routtne used ‘to initiallze the screen. for output. /1t

*Mf”a_ “fh subtoutine Pr!ntdata

r- Harduare : HP 9000 e model 520 computer
* .

%% R »~i5n3»7g *

”

Varlable _*7 Desé?iptio;\f S Untgs‘

‘7Tota1 'y of channeis “fﬁéhin{iié‘

Cp(*).. *,"'" . Channel pointer..

 ; max- 40 chrs.
=’ max’ 10 ‘chrs. .

UnitS(*) ;;v Uqlts of ‘each chqpnel

——— ; : R : — —— il i

. Set up the screen with ‘a displaf of the Ei@nnélsfiﬁ*u;eﬁ,) i -
" 'Firstiprint the ‘header. S ] ST L ket e D
PRINTER IS ‘CRT e I wEL e T
PRINT PAGE. .~ - . R : S
PKINT USING K ,2X, K 3PX ,k, 7x K”‘"Channel“ “Description '“Reading
.,ypaxuw usxns ~3X, x*-“w“,yiif' Sl E e -“E LI
 Then'print the: channel number, description, and units LA A

.PRINT rnsxvto 1y i RN -_.,QJ’ B '\,'A L IR
o PRINT' usxuc *zx DD sx X, 2ox x" Iél,CdmmentS(Iélﬁ,Un1CS(I:ligf Y
. “EXT I B PR 8 ".;_::L'” ,N"' ”-.'W»T;up
f.PRINT TABXY(O 20) "“'f‘ ,';.‘,3' Lot
.V PRINT USING. “9x K, 2ox X" ccmmedggxis),un;tsfteal" Sl
suazun S ‘ R

*tt!**ttlﬂtl!kkl***t*titt!*ttt******l*‘**!*l***i**t*‘**t*****k**t*ttt*ff_ L

g

"_0(.;'CP<»-1.9:'-' TR .




‘,f“<

SUB Printdtta(ﬂchan Cp(*) V(*) Ctime) ;
‘Rttl&!iﬂitl.i!t“

!t*ttt'ﬁt!ttttr**xt'twttt!:tttt:ttttttdrt*a'tiax*tt:ttut
,,,, : ) .

ML Subroutine-
!*,
1*’

prtntda:q ;f;"ff".f 0 wetrten
: IR S S Rev(sed‘

)‘ routine used t.o display dlna to t&creen u -It ts',
.obtdined: from the, ‘data acqutsition unit, = Note: that the :
icreen should be 1n1thlized uslng the Inittcrh rouclne.'. {

'in Hardware HP 9000 ,j- model szo qpmpu:er ;”

f Nchan .. 0 _-,To’lg O‘of chanhels
M Yoo "Channel-pointer R

620 t V(%) - " - . Raw voltage: dath T
Jr Ctimes - Current: tlme

- '.Nchan(-ﬂ-'_-:'f,f
=" 0CsCpes1
A.v:-.‘ : L -

V(Cp(}))-INT(V(Cp(I))*1000+ 5)/1000
PRINT 'MBXY(SB Cp(I)+1-); V(Cp(I))"
-fusxr P S .

Also displny t.he current time. R
. "PRINT. ‘X‘ABXY(53 20) C!‘.ime o
SUBEND SR e ,

e T L O
ol , : Lo S PR B R o e :J‘;"»' R



.’,‘ e :

37‘0 !ttwtgatttuttaanttt*attu*tt*t***raw*tt***m*t*rrﬂh*«*tt*tttt*t&**t*.****x I

',3750 ‘SUB’. Initvnr(ﬂchan Tchan NplotJCp(*) Tcpf*) Pcp(*) R(*} P(*) Comments(*)

',Untts(-) Y$(#*),Titles(*))

3760 |a*t*itt:*rttttﬂ*ta*a*tta*tttttua*it*tr*t***tt**ttﬂtﬁt***a:*t*rau*:*a*tr*'

'l300

4280
4290

Unltt(S)-

1bonm-nt§(si;"

*
®
*
-t
x
*
*
*
*
*

Y
2

3770 1% T g L
;I 3780. 1% Subroutine Initvtr o o written June 1987 e
. 3290 1% o : Revlaed October,.1987 .
naaoo;yg; e Pl : : o
381014 - An 1ni:illization routine used P&ﬂhogdat to set up a11 o
3820 '» .‘lnitlal values : .
3830 1% .. ' - Lo ;.-"fm N L
384D 1E nardware E HP 9ooo odél_SZO.éohpub.e7‘;_ e
3850 tw. : E3Y 42R R SRR :
3860 !ir*tl*ﬁtt*!‘ﬁit*t‘i*t*' ttﬂ*********l***tl**ti***t*t****ﬁ*tl**l*l**kl*
. 3830 Variable Descriptidn ‘ :
-,3390" — -t
3900 ! Output . -
391071~ o IS AR
23920 ' Nchan.ﬂf~ " Total # of channels. Nchan< i97”
3930 1 Tchan ' # of Temp: chHanflels-. - - .T¢han<wd

. .73940-1 Nplot . | & of plotted’ cﬁhnnels - " Nplot<eNchan

‘i 3950 'vCp(*)-”.El,'.Channel potnter.. ' L emsecieoa - - 0¢mCp=19
3960 1" Tcp(*). . “Temp.’ chanhel polnter - 5',:"'”‘ - 0¢=TEpea19 "

. 3970 j,Pcp(ta _.gPlotted chann;l pointen.hil =i - . Q<sPCcp<=19
+3960.1 R(*)"?-ﬂs ¢ T type T/C Coeff. o -Temp -3 Volcage 1L—---~-~—-—-
©3990 L. Rg*) .7 . T-type T/C" ‘coeff. Voltage =3 Temp R
5 /4000 1 cOmments(*) " Channel: descriptlona‘ ;’. - -
40107 1 UnitS(*) ' “Units 'of each channel.
4020 1 YY) Axi labels (for p}cts)
: 40301 TitleS(*i Titles (foﬁ‘plot:)
S0 A060 ¢ 4= E e : :

7 g050 [ T
4060 1 First s R o
‘4070 Nchans=6 R L. V. Total of '’ channels e

‘3,r4080 _ Tchan-('o_fi R 1 4 of the's are designated. for T/c 8.

4090 - PNp1ot- " 12 of the s wiil ‘be plocced~j' L
- 4190 Cpll)=0. .. ~1 Channel +0: Printed. ook

‘ 41100 Cp(Z)-Pcptl)-i TR - 1-Channel’ . Prijted, Plocted

Z 4120 cP(alcrcp(1)-pcp(21-10 ‘! Channel - 1o'ypr1nted; T/C, Plotted
4130 i CplA)eTcpl2)s11 . ,-'w'J Channel 114 Printed;’ T/C. S
4140 . CP(5)sTcpN3)s12" 5f‘ /i Channel-12% Printed; T/C. Lo
4150 Cp(G)-Tcp(A)-is‘ 1 Chlnnel 13: Printed r/c -,}“~V
4160 ! : e : S
4170 Also se: up,a descriptlon and unlts for each channe }-«;‘r?*
4180 . Comment $(#) ="Wind: Speed (Validyne Output) L
L4290 Unit$(0)svolts)* -
4200 " Comment$())s"*Wind Speed from Pitot-TubQ ..u._,
T 423107 Unitﬁ(l)-‘[m/s]“ ' , S
6220 : - Comments$(2);

,4230 CUnfte(2yet)

; 4240 Cpmmentstsl

4250 . CUALES(3)="

4260 Commert3(4)s
6270' v



=‘Unit$(6)~ .
'_Comments(7)--u.
S Un1t$(7)- ;.
"x'Comments(B“
.,“UnitS(B)-'.
U Comments (9.t L
-Q“Un}:s(s)n“.. pee - ORI
o ;.CommentSIIOJ-"Bir Tempera:ure‘ug.“
“-fUntts(io)-"tde C]"k*-

‘Unttslll)-'[deg C)“ : R

.CommentS(Lz)-“Spraying WateryTemperature 1,;_ o
 Unit§(12)="(deg C1* - o

. Comment$(13)="Nozzle Hanifold Tempqrature

L Commeént$(14)s"
U Unite(14) ="
_ i icomment$ (15
S iunitst1s)e”
“1. Comment$(16)=
Y Units(16).
,mComment$(17
S Unite(17)="
" Comment$(18)=*?
CuUnits(18)er W LR
.v;tomment$(19)-.t lpseﬁ Tlme Gl
”'UnitS(lS)-"[sec]“’ -

For those channels plot;ed lnclude a description for each plot
- Y%(l)-“W!ndspeed [m/s]“ o s .
S Titles(1)»"Windspeed vs Time a e
Y8 (X6)e KL, Tempera:ure (deq C]"-’;.w; o
“thles(ioi-'54rzt”_. 'atu:! oy fTime.‘ '

‘ '“':fxascsscozt-
P(O)'l 238117795!-
'~§2 535117537:1 -




4820

4840

4850
- 4860

'ﬁi»,cafo
' 4880

4900
-4910

L 4920 .
% Hardware HP 9000

7 4930

CE 4940

‘-4950_
o 4960
T 49700
Y § -1 BYE
L -4 pInput.
S - 5000 1=Eouaia

- 4990

5010

,soijv'”
5030
' 5040

508

5146

5150{»
51607 . “.u
(6)+Vt*(Pt7)+Vt*(P(B)+Vt*P(9))))))))) S ST e e e e

'(: 15170
N oosiep

o

“0830f

4Q90)Q'w'_'-f'ﬁ:f voltage readings to temperatures.-,Note ‘that the: values'

LUP(R) LT type’ T/C coeff. Voltage => Temp, =—-=mo=esoses
& 0wy U 7Rav voltagehdata,v"~ [volts] T ettt R
5060;_, USRS N < - - i e ; . - ‘o -
15070 it
5080
..5090.
5100 ~-
CsL10mr
5120 ° - .
5130‘u'»

- 8uB chonv(?chan Tcp(*) R(*) P(*) V(*)) e o : R
't!#"ﬂ*’*****tt*t*i*****‘ﬂ*tittR*****‘t****'*’****t**ttﬁ*t******ﬁt**'*** '

Ax : .
L E 8 Subroutine chonv P
L I :

tx

1987
'October, 1987

PEE

A conversion routine used by Logdac ‘to condert raw. “;;"'

Axoa om0 in ‘the veetor: V(%) correSponding :o
1% - :g  . u.wlll be altered by this routine.

-the_Tcp(*) Channels -

na‘— mod!l 520. computsy

ﬁi'i'i i;@*;-ﬁ §<‘f;_t

!'Variablle
e o

#iof . Temp: ~t.:vhanh'e‘lé”:‘.:" . ”t;ﬁiﬂ”v_,:~Tchan(-9
" Tem 5.cbanng1 pointer. e et e 0<-Tcp<-19 _
.T/Cicoeff. - f’Temph L> Voltageg~-r-—--—-&f-- S

ﬁff | FOR-1e1 TQ Tchan- E

VEaV(Tep(I))4Vref . 7 SR
V(Tcp(I))-P(O)+Vc*(P(1)+Vt*(P(2T+Vt*(P(3)+Vt*(P(41+Vt*£P(5J+Vt*(P

'“ExT S - L ‘-5 DU e e o
suasun S : L S T HPULRR

vl .’H?&:&}:4 a::.:;-‘;ffvf : ‘.:';l;' -:?i 'i’¥1;T$a1;£




A conversion routtﬁe ‘used’ by Logdat €g convert,rtu .
"VOltlge readings hg velbcitlgs CNOK qtha; the :value "
. ipé ’ vkha» will b& 91;¢red

KA ‘temperatyre.. chanﬁel
*Barometric pr&s:ure“ :

Perform converslonrtrom‘voltmqefku-vcloctty.
xs V(vcmnno THEN vtv:hapx-o 1 Nones




’55'40 qrtktatatnt:ynﬁtznr«rta:a1ntt-at.ttsnwtttt:tx*t*ktt/t:*ymttixa*ttx*:ratmn

5550} SUB Prlntres(ﬂprt Pt(-) Cntr Henn(f) Sdev(## CQmmentst*) Unltsl*) rs Ds
) o , R o Lo
5560 *****Ittt*it***t*ﬁ*ﬁﬁ*tt*it* o
© 6570 i el SR RENE. S
| 5580 !!.Subroutjne* Prlntres L o ertten June 1987 ,;tn "
S 8590 4% .Ju'in N . Revised 0ctober, 1987
. s600° fx v e ; o
. 5610Q.-1% A\pr!nting routine used tb prlnt.out the results of a
15620 1® i set of channels co che externll princer, (unit 401)
V5630 4% .oyt 9 .
_5540_!*'H£%dﬂa¢e' HP 9000 ° ;-,model 520 computer. R Ao
5650.!#_;"' T HP 2934A f— externll printer, (Unit 401) -F A
5660, ¥ . e -

5670’ ,ﬁﬂ*lﬂttkl’!*li*ttt*t*tt**.tt*ttt***t**i**t*k*tttt**ﬂtt*ttﬂk*tittti**tﬂt :
5680 ! L i ' ! Lo

. 5690°°Y, Varllble nDescrjption;~f_;f\ Unlts : Rgnge L
5700 1 , S et SNSRI
. 5710 ¢ Input 'f-_.' 'j~‘."7 “lp'.f‘v4~ S
8730 1 prt RS of chlnnels to princ;su;" - Nprtc-19
;. 5740 1 PE(*) = “_,Print channel pointer.” = = - 0¢=Ptc=19 - :
. §750" 1 Cntr:- :Number of points’ taken{,v e mrmm——m—m-ex  CALP(=1400 -
5160 v H!an(*) . Wean’ vector. = - U [m/s,deg C,etc.]l. —-¥ -1—44;- .
"'§770 1 Sdev(*) . .- Standard dev. vector. © [mrs,deg.C,etc.) . —somm—mo=n=s L
5780 1 Comment$(*) :Channel describtlons e e e MAX 40; chrs Do
5790 1. ﬂh!tt(*) " Units of eac ' ;é ctmsieseieesee | mAX 10 ‘chrs. ..
5800 1°T$’ LI Time of day ‘fer® “[Hrs:Mins:Secs), . :
. 810 |- Ds_i_g-i- 1]”Date of test [Day Month Year] .
'582° ! ety e ' et '
5830 1 R : s
5840 1" Print header fon,table,,.? R " ' e L o
. 5850 .° - PRINT.USING 'K 2X K 32x,K 3x k GX K“ “Channel“ ”Description,,“kvgra
_ ge “Std D v "Unlts. : : : 3 . : ‘
C seso,,
. 5870
'.fSBOOHY'
':saso.r.ﬂ
5900 - EOR- I=1 .70 Nprt ¢* fﬂ S

A \ ' 5 ST
CLo8910 1 PRINT [USING "2¥,DD,5X;K;2X, DDDD\pDD 2x,DDnD DDD 4x K“,Pt[l) Comme S
: ~_nts(Pt(I)) Mean(PtiI)); Sdev(Pc(I)3 uhit%(?t(x) o _ e

.5920 ;
5930 - _ ¥ 5;;3g;. *, !
.. s9sQ i hlso pqt&%; number of polnts, teést tlme, time
15960 ‘ " PRINT USING}"9X x/lx DDDDD 20x X, 2x K“'“Numb‘
“tr,“Date:";D$ [ .
7 5970 . . .. PRINT USING “9x K lx DDDDD 1x K 15x K 2x K“'“Tota‘ Timevof Test
'.,(Cncr-l)*z,“sec >"Time ,Tt - Ll
8980 1. - R : ‘
5990 SUBEND a,ﬂ;';§/. R - £
o 0




) 'g!*tl*ttttatttt*ttrtt**tttttt*tttttiit unttaﬁ ] v
.. SUB., Plotltoxs Ys$, Titles ,X(%), Y(*] Naxx,Slze thy,naxy)
"v'-]t*ﬁ***t*!tttt*tt*tttr*"tl***"t*t*tklttltRl*t’titiit*!'ﬂ
ﬂ,‘!* e v Writton
[0 L SN Sl R SR Rgv:ced
0w i ,:.'-;Q LT U R .;-q Vel

) A% : .
A Hardhare 3 HP 9000 e model 520 comput
) j,.!* ; Y N :

X axis label..;-j BT et e i e i Smax 18" éhrs’
LY AxEs label. E '»':»“"grﬁbj,juj_jdnj ,mux 30 chr-’
ritYe of plot. T e s max 30" ch
e 1 dnta vector.;;3ﬂ.’] “gJ{lcconds] o ‘*7*?7+‘7’f9f
- SO Hmse Jdeg etc:]_‘---~-+-—---+f‘ R
. v(teconds¥~»_v .,;' ke T
e =<~ S{zeca1400 °

. Mfnimum ¥.valge.. : et
';“Haxlmum Y value. : =':u B Ao




'QLHovs 0, o

i PEN'S . ¥

T PLOT- XIIJ Y(l)

+ - 'FOR"-Iw 2 TO Siza .

v T PLOT XIS Y(I),fl ‘
S NEXT I s . =
94 s i

 !__ fﬂReset the window in order tb plot the labels ‘,u;;;kt-.“
' .:_‘vxzwpoar 0, 100 o 90 s

8O . - . . WINDOW: =2, 10,-4 LS
01 " Label X axis.,?L
U UMOVE Mpmiiowol A
'“r{ﬁ;#lebel Y axds, e e e L
CLUMOVET-1,10 Lo T
“DEG: T S
‘LDIR: 90
.07 LRBEL Y$.- ST

f . .““Label the-" trtleh L
' © MOVE™ 3,47 :

LULDIR. O e e T
=ijABEL Titles B L,

..

SU BEND

s







t*i***tr*tttt*t*g*tt*t*ttt ‘.-_ S

R T f;.’ E
oY 40 -aﬁwrttten :vJune, 1937 %
Cisg, 1 ',nevxsed‘:.Occobcr, 1987 *
'.=so“!rl;“¢,. ".::; SR RSO : "
B { B E If,f':, 'cquisition program used ko ncquire lanrmation RS 22
S 138 LN : " LR, o. Ktnq liqu!d water content probe.,_  Lk
AEEREUE Y. IR R e B :
100, !*v V_HP 9000 S model 520 computer.5ﬁn ‘
ARG U K SR 'JZHP 3497A ~-data scquisition unit. "
_E;zo_tw;_' HP 2934A = externll prlncer, (Unlt 401)
~130 1% Pns :
R ¥ VIR : e : : .
150 1% Blocka Init - Iﬁltialization procedures.r,
180 1w ‘Main - - Main fenu set up and control
S age L .w'Dryp - pry power. easurenents.ﬁj . Ll
L0180 e o T T Startdry — Start, of -dry: meusurementsf
190 1w Stopdry - End of ‘dry measurements, ¢

~va200'r*3j~;fflf'?:'x i /.~ Dry measurement rate control
ke e T wetp -’ggy power ‘measurements. . . R
.¢61220 !x;‘ ¥,g CLLHTL T TStartwet = -Start. o et mclsurements._ﬁ_;

T R R R R R R R RN Rk A R R R R AT

,230 !*,ﬁ :., ] ~Z~~ Stopv¢t - End:of ‘wet measurements
©-240 E% . Uoe T U Ratewet .~ Wet ‘measugement rate control;
waSO !t.1;“;} Plot - Plottinq and printiniszf resudts. .
B0y T .Plotdata - Plot .of L Ttimel -
270 !'Q;;.»f w*~1q;ﬂ\ - 'Plotfreq -: Plot of. frequency v L. W. cl.
80 ¥x . oL 35. Dumpplot~--Trans£ers data plot ‘to prtnter SEEEA
: £90. 1% 7, ST el ‘Dumprint - Prints results -to ‘external’ prlnter T
‘”'300”,,"f,'ﬂ lfi‘-"f Nextplot’- Transfers freq. plot. toprinter.” -
310 4% o S . Setrange 'Cont&olm ‘the- range'plotted., i
‘ ;320_!'- Quit = Program ermln ion.::xr
- 340 Subroutlnes :
350 &* Sy

_ "370 ! L S
NI 1.1, 2 Variable _ﬁ"Descrtp;iqn'; R
S 390 ! o e e et e i
U j: 400 1 Inpuc gﬂ-;;jt_:,¢g /- yf'i' yf‘:?3"“3'
' 810 Nmmmew T T R
420t Testnum “ 1 Pest “number: SR B s
4301 Vel T O Mr velocity. o [m/s] Sl
440 ¢ Temp - L Adr. temperature.g’ﬁ"‘ (deg: 4 FEREE
4501 Dryrate.LV“lunata acq. rate. (Dry) {v;[samples/sec ] .
; 4601 Perioddry s .1/Dryrate. - - o100, micro-sec.l
470 1 Vdrytot . Bum of . dry. voltagts ‘”HlvoltS] e o
4801 vdry . " Dry voltaqe reading. ';[voltt] o

;:fr 490 1 Startdny“ ﬁéjStart time of dry. meas
: +$00. 1, Elapsedd Yy ;;Elapsed tgme.,‘.«.
8101 Actdryrat'q-'rrue dry‘data acq. rate,

320 1 - Wetrate: “Dats -acq. rate (wet) oy

san IePeriodVQ: ,1/wctratc..j- : P

' ﬂwet voltage reading

LL.W.C, dlta vector.x- i
§Sum of Lﬂc mqasurtﬁent




3 ff!lapaedwet#-. Y
n-;Actwetrltein-:-”‘
01 Tempx(®): .« -
1 Tempy(®) -

-Tesb t!me ((ounded up)
‘p‘

: LWC in freg

e & ot ‘bins’ Ry 4 freq plo
. 8izelof. each bin
.-Binsizc/Z:

VjHin._freq of Lwc-vnlue
{Hax- ‘freq. of. LWC vilue el
- Indicates prlnt status._,.;ﬁ"' .

Pniﬁrza"xs;sar
'PRINT-PAGE 1




*1150 Dryp
1160
SAi70;

PO
stoS? the,dry péver masurement.
to change the tampling rate, cu rently

"ON KEY’0 LABEL Start . SFK.0* GO0’ startdry”

- ONKEY. 1, LABEL - . SFK.1*: GOTO. Stopdry. " -
“.."ON 'KEY 2 'LABEL -*Rate . i . SFK"2" 'GOTOQ -Ratedry ,3v-
"+ 'ON: KEY 76 'LABEL ““Main" Meni R

T BFK.6" _GOTO Main. ™

» ON. KEY: 7'LAnzL'f'

_ -isrxv,';coro Qult
129¢ ' .WAIT 1 LT _
1300 Startdry e LT
REE & 3 { B S paxur PAGE'- -
S..1320: .'L;-f,-LVdrytac -0 v ol R
1330 i Y " CLEAR' 409 ' S
340 ,7'ourpur 409 ; "vr1 SDO ACOO VAQ vns vna VT4 TO"f//}oddry
71380~ - . - OUTPUT Aos-“v12*~’* : . . TN . A

£ 771360 . “Startdry=TIMEDATE
Ce13rell f FOR 1-1°.T0 4000

1380 .7 " ENTER 409;Vdry . R R :

S 13do '.:;Qr-f “Vdrye-Vdry /.- ' AR g '
71400 ¢ e DISP us:uc 'ﬁ x DDD DDD X, /"‘The dry voltage readlng fl
" dry;* volts®

BERRE T 3 1 R Vdrytot-Vdrytoc+Vdry _
ra,?: 1420 0. o usxr SR T RN :
“1430 E_ startdry i __TQQ ﬁ_,'¢,-. SRUERES S
11440 Stopdryv Iz 1‘* Lo ET

v1450 , Elapseddry-TIHBDATE—Startdry ;

14607 o ,' ~'CLEAR” 409, % . - D

,1(70 W?"_fvdry-Vdrytot/I "g..l 3.ff;vv
1480 7 'f.:}DISP R o ‘

‘ 1490 R “PRINT’ USING “# K DDDD K DDD DDD K"“The averaqe dry voltlgt
R T readings i ',Vdry 1 volts el . , _
1500 . C. T PRINT ; e _
‘:;,_,1510 x;Actdry?lte-l/zlapsgddry ST
Q“' 1520 “PRINT UBING bt K‘lDD DD~K"“The l'
yrlte" me&surementslsec.z:__;
.. 1530% ;
11540

Tel

;'f1550 T
{71560 -E. stopdry
1870 Raeedry

" 1580. .
0L TI1890 _
-._,Dryrate L

o 71600 Perioddry-loooolnryrnte
1610 {--'--‘*GOTO Dryp S .
1620 ratedry
'1630 E dryp




5 §tarts the wet and dry power measurement-”v
stops. che wet and dcy -power measurement.® .-

N = to chlnge the—stnp*+ng rate, currently.4

stx o*-co?o Startwet .~={?;* ,,;_:
" ~GOTO" Stopwet e T
“GOTO Ratewet ' 'QE'*‘",“' S
bOTo Hain~ L '

, TPRINT Faace\\
_mensurement/&e ;.

T 1820 ‘;.T.L‘;lpaxur PAGE f\}ﬁ-
“1830 7. . “Lwetots=0- -

1840° . . -’Lchtot-of'~ ' :
218505 .o Constants 10/(3 7AE-S*Ve1*(2256+4 1868*(90-Temp)))
w1860 . ' . CLENR 409 - ". . R
1870, " OUTPUT 409,"VF1 sno ACOO vno vas vna V'M 'ro" perioduet S
1880 ° "1 OUTPUT 409;*VT2* = - S
1890 L StartVet-TIHEDATE R g: N ‘.';,kfffklftu”i':' L e
CTY900 L~ ‘FOR 'I=1-TO 4000 15:'-> I T L A
19100 .. - ENTER 409 ;Vwet TN T s T v
_,Iszo;j*‘ﬁ,*--_,::vVec-—Vwet *"'-,.-
'1930~u'3f : 'f};ach(I)-Constant*(VVethdry]
:f5 .194o; "'fx1,.ﬁDISP USING "d K DDD DDD K, /” "The L W C “reading &si
: grams/m 3= e
71950 . - :,' ;?bHCt0C Lwctot+;vc(1) Lt " : f ‘_Q} SO
1980 o oo 'Lwcztot-Lwc2t0t+(Lwc(I) 2)'j:fg,t; R
18207 o T NEXT I T S O PR
1980 E, startwec'* t,':-"—v g :'; ‘=l : R
.19%0 Stopwet._!:
2000 ‘ _  !1apsedwet-TIHEDATE SCarCVet
20010 ° 'CLEAR 409 . , -
2020 .- .DISP ..
,2930u“;,;*_ i'Numpoints-I
20!0} ":ff " LwewLwetot/I D ) ARTEN ) S
v 20800 f“?'[vSdevlwc-SQR(((Numpoints*Lwcztot) (Lwctot 2))/[Numpoints*(Numpoin'
u"zts 1Y) ) S ] _
C 2060 ZPRINT USING ”d”K,DDDDD K DDD DDD K“’"The average L.W. c overl‘ Ea
v umpoints - rending! 18: "L 'fgrams/m 3"~*_‘ S P A P
2020 '__ "PRINT - R "[ S e “"“--‘_w; P
2080: v Actwetrate-uumpointsltlapsedwet S S T
- 2090 "j .7 PRINT.USING “# K DDD DD K'»“The aCtual sampling rate was :;Qctwq.]{

.;‘}tr j"mensurementa/sec S ) L
S # R CWAIT.S L \',_
SR o . PRINT PAGE ' _ . 'z;?Y'“
'\\\}20 -“,’ Testnum-?estnum#l
‘;‘\2130 R . GOTO ‘Plot: IR N U T S I
\2140 E stopvet’/““;, -._;;'4*'_“'.f‘l11 FRURREP LI T S e
2150 Ratewct" v e T e T e R R
2150 A PRINT PAGE R I B P PR SRR

-‘\~ - [




. INPUT “What sampling Fate 'do-you

.GOTO Wetp

" ‘Periodwet=10000/Wetrate




'-PRIST,PAGE 1 Cieir uhe*screen '
“PREWT % _pmr. of 'L.W.C. Versus Tim

2300 ?arur “Dump Plet y 5t
2310 .7 PRINT “Rlter Rngq'é alter the
12330 1. . ONY Ktx‘o 'GABEL *Plot Dtsa

~to printer N S
qnqe of L.W.C gdtta plotted “
 GoTO Plotsat

-'YOR I=1TO tdnpoint o e
“ Pempx (I )SPROUND(( I- 1)/Actwetrate,—3)
Tempy(x)-paohnntnwccr),-z) e
IF I-1 OR’ I-Numpo(q}l THBI
R fTempen(I)c-z S

o ELSE o .
“Tempen(I)‘-l
kﬂEND IR

PRI

';uxxr SRR
~ PRINT. pncz e
CGINIT
' :GCLEAR' .
'g’cnapnxcs ou_

B YN

empxtuumpoints) 1)*10
. 2560° _
2874, o ‘;;»:;_.‘a.
;;H empx(Numpolnts) 1) ‘/11(
25800 ] _-Eup IF o
2890 -f;.i-xs-'Time [secl"‘
.. '2600-.: ~~';,I_ij$-“L W. G,'lgrams/m 3]'
2610 o T T ielegw B WL C. versus, rime“
. 2620. *me.t:;xtJG-PROUND((Durltionllxo o) e e
2630 7 1F: (Ymag-vmtn)<-1 THEN. N s
ooy R680. .Y T - e vttc-wnouubttvmax-vmxn)r
L.2650 o L 7[,:- ELSE " T
;2660 C Ytic-PROUND(tYmax-
RRRE1 3 1 I e _J END IF . ..
o 2elom o "GALL B, ot(qupx(*l Tempy(*)
-,Ytlc,uumpoints X$,Y$,Titles)

ékin)/Ymax 0).

.. 2690 - . -'IF Duppflage1 THEK - GOTO uexeploc RN
270007 LT PRINT/ TABXY (<4, o)-"pnnss- T
IR & £\ PRIN{Z’CONTINUE“‘ \ o
RN % 71 385 - PRINT *T0" . . L
B YA P 'ﬂ“PROCEED""' :
'-11740:' : Tl ..
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CUPRINT: p&cz.

'rvnxurzn s cnwfi”
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- OAP {DRIVER_Z.01
**ttz“**ntt*:ttuan tl

Subrout ines

! ’°P*‘ e
culculates Lwc and VD fo




'DIM Oapdatat(24)(801,T18t
DIw xsuol Y oJ -nuesuo __

iQSample Time and w1ndspeedA_ : ‘
T:“Current ‘Windspeed, 2 [m/s)’ windspeed
,;“Slmple Incerval.? [sqc]“,rsamp s

CALL Oapinit(
'ﬁ"Stime-TIHEDATE
. 'OFF " KEY - :
ON XEY. 0 LABEL “Stop
?irtt-l
..GO'ro St‘retlklng

. TLwctot-Hvdtot-o
- lWe2eMYd2e0
_1vavd-0 fhi"“
w FPORY 1-1 “TO. Catr
_'Lwctot-Lwctot+Lwc(I).
L Lwe2sLwc2+Lwe (1) 2 j__,

o IF Mud(I)e= o*rnsn GOTO 1170
,;5Cmvd-Cmvd+1ﬂ.- -
.'?Hvdtoe-ﬂvdtot+uvdl Y
;;nvdz-nvdzwnvd(x) z




1280, ,
Shwe, ,Lw‘&dev ;




4 2 i
‘Hs-OapdAtls (Nﬁa;-
{=VAL(Ti§) .




Ha e~ TVAL (#6110 o’ox
nableshafe--tvau "woooo

130320
"f'10f30*"




e 48

.11000 ¢
111010 -
116200 -
: 11osuaA'j
.- 11040
'1I05°“;}:.
.711060 -
711070
~ 11080 .
111090
S 111000
oo11110 o
111200 -
11130 .-
C 11140
L711150

11160

11170
111807
11190 - |

&END'IF;i ﬁ‘km~;'”u

fCalc(Total Numbins Nc(')ZD(*) SAt Rho Windspeed Samptime,Lwc Mvd)
" DIM Cumvw(62) Bs(62) Cs(62) Ds(62) xtsz) Y(62) S . R
,Calculation ot ch e e R I
‘VwtotsO.. - il : l-‘,? : v S
. FOR 1=1 TO Numbins

‘ Vw-Nc{I)'(PI/Sl*KDIIJ 3y
a thot-thot+Vu'-
Cumvw(i)uVuto:, {T

NEXT.T © - R AN

: -Va-Sat*Wlndspeed*Samptime RN
| Lwe=(10 (- 91)*(Rho'thot)/Va ‘ y('
-IF*Potal(-ZO THEN '~ L

Hvd- ;
GOTQVIQQ}Q;“

ﬂCalculation of Hedian Volume Diameter‘f 1_ )
'FOR I=1 TO Numbins ' S e
'JA-*Cumvw(I) 100*(Cumvw(1)/VVtot) PR
- NEXT I ;g-'» a “ - w

£ 112007 . Cnym=0..: %

S11210°0 . YU FOR (Is1Y TO Numbins o - ' S
11220 ,{*~* TF: Cumvw.(1)<=40 OR Cumvw(I)>-60 THEN GOTO 11250
211230 - . <-CnymsCnum+l . . ‘ -

.. 11240 X(Cnum)-Cumvw(I) - R :
711250 - 7 Y(Cnum)eD(I)’ L l-'g“,
112860 -, ° IR Cnum=1 THEN GOTO 11280 <. T

= ;1;70?“5""‘§§‘§Tcﬁym)-x(Cnum-1) “THEN -* GOTO 11310

44280 . NEXT I -

©11290 CALL ' 5p11ne(Cnum x(*) Y(*) Bs(*) Cs(*) Ds(*))
“11300° Hvd-FNSeval(Cnum 50 X(*) Y(*) Bs(*) Cs(*) Ds(*))
:1;310“ suazuo T ,




SRR
;12000

12010 |

.

12020 H;

S 12030 -
12040
12050 T
12060 07
12070 . 0
32080 %
1zdsq~”c*.*
12100

12110 .0
12120~

12130

10121407

12170

112180

512190
12200
122107 .

12220

>’1223Q

T 12260
12270

.12240

£

12250 .

12280

12290

12300

Sl123200
© 12330°

L12340
512350
12360
- 12370%
S0012380 0
L. 01280000
12410 -
‘12420
12430
124403,
12450
12460 sussub

( 4

sus Spline(N X(*) v(t) n(*) C(*) D(*)) -
IF N<2 THEN :GOTO 12460 5;;;.*f
- 1F:H¢3 THEN. GOTO ‘12400
DOX)=X(2)=X(1) 0

C(2) (v(z)-v(x))/bixy PR
- FOK 1=2 TONmL . o e .o

-'NEXT b SRR
" B{3)==-D{1):
}-B(N)--D(N—!)
: CcIyee L
S 1 51 RS

12160

~CIN)=C(N= 1)/(X(N)~X(N—2))rC(N—Z)/(X(N 1)*!(“-3)3
nC(l)-C(l)*D(kJ 2/(X(4)-X(1)) o

L C(NJ--C(N)*D(N+1) 2/(X(N)-X(N-3)) R
" .FOR . 1= S ZOPOEN . T

CONY=C (RY/BINY -
. FOR Ibe1 TO Nml|

_ ,“,,Nsxr b’
12310 .

o bt )= (C(I+1)*C(I))/D(Il AR W

ij(N)-D(N—l) R
GOTO 12460 " S

Lo C(1)=0
I D(1Ys0- ,,-‘.1*.5.;_v
15(2)-3(1) ST e
CC(2)=0: ;' ' —

- D(2)=0- Y

NmlwN-1

T DCI)=XCI+1)=XET) e
B(I)#2%(D(I=1)+D(1)) :
C(I+1)= (v(1+1)-v111)/9(1)
C(I)-C(I+1)—C(IJ :

C(N)JeO - . ‘
IF Ne3: THEN GOTO 12210 D "';ﬁn-,
ClA)=CL3)/ (X (4)=X(2))=C(2) 7 (X(3)-K(11) <

“1)/3(14i)' i
B -Tab(1-1)

TaN=Ib -
C(I)= (C(I) D(I)*C(I+1l)/B(I)

B(N) lY(N)—Y(NmL)i/D(le)+D(Nm1)*(C(Nm1)+2*C(N))
I=1 PO Nmi
Y= (Y(I+1)-Y(I))/D(I)-D(I)*(C(I+1)+2*C(I))

o

3ac(n) _  :fvi‘f,rv ;)

B(1)= (Y;Z) Y(l))/(X(Z)-X(l))




..,.- .

' 13090 " T IF . U>eX(K) THEN I=K

14020

14040, i IE-U<eX

_ 14150 FNEND S ‘:i*

Sl -,*<é;E¢~4_

i 13000 nsr FNSeVAJ(N u x(-) v(t) a(*) ctw) D(*l) ;N
S 130107 1wt v : i

%13020-_1”‘ IF I)-N‘THEN 1-1 : '. Q Gl
13036 ., IF UX{I) THEN. GOTO xaoso‘u a‘:QAr.

- 13040 5 . IF u<-x(1+1) ‘THEM. . GOTO 13110

13050- r. S ) s e
513060 [ “JeN+1 «v‘, W _ R

13070 - Ke(I#3)/2° . S

13080 .. - IF. UCX(X) . THEN JeK R .
; a8 L

13100 . CIF 3>THY ‘nu-:u _GOTO . 1?;70 o ‘

131100 - - Dx=U-X{I7 -

13120 ﬁeval-Y(§)+Dx*(B(I)th*(C(I)+Dx*D(I)))

13130 4~ Deriv-ae;s»nx-(z«C(I)+Dx*(3*b(1))) e

13140 . RETURN Seval. Ll L eil,
. 13150. FENEND " SR

: 4

“14000 DEF Funertv(u u X(*) Y(*) B(*) C(*) D(*))
14010 w1

“1F .. ’N THEN L=1 7. e

Ir ‘UCXWNI ). THEN .GOTQ 14050'

'14030;

Cdeo70c T Kaqreads2 L :’ f. R

/18080 . UIF.U¢X(K) THEN. J-K o . NN
14090 fr- IF U>=X(K) THEN Is=K .- - .- L e

14100 . rE’ J>I+1-THEN GOTO 14070

14510 . » . DxsUSX(I) ..

141200 ¢ Seval-Y(I)#Dx*(B(I)+Dx*(C(I)+Dx*D(I)))
714130 7 Deriy-ntl)+nxr(th(1)+Dx-(3*D(x)))
14140 - 'RETURN. Deriv .o e

#1) THEN GOTO 14110 B g
‘14050 CIsl B I T v o
14060 ., JaN+1- . SR wa/

,-,‘




'jfon 1-1 10 62

READ Binl(I) D(I) Bint(I) Sl‘f!)

v 310-00, 88,860 T
330 00,,757..340. et

-jgfis1o 00 46.360 gu,”
530300, ‘45.140° .
850.00,43,920.

v 590 oo,'ci” 80
. 610700, 40.260.
630.00,.39.040,

. 750.00, 31-720°
770,00, 30:500 ;4
790. oo '29:280°




.. DATA1090.00’
. DATK 111000,
_DATA $130.00,
-~ .DATA 1150, oo,
¢ 4.7 DATA.1170.00;
2. DNTA 1190.00,
- w*‘:DATA 1210.00

DATA 1230.00;

'ﬁfgsssqq ¥ sunaub S

1100.007
11120.00,

'1140.00,

1160.00,

1150, 00,
©1200.,00,°
1220300,
1240 OQ&

1110700,
1150.00, " 7.
1117000, -

1190.00,

113000, - 8.8

1210.6
1230.. 0
1250,



: 4,207, TR R
"HINDOW 0, Utlme vaerIim,Upperljn .
p'tnxss Utime/lo (Upﬁérlim-Louerllm)/lo o Lowerlin

" PLOT. x(1) Y(l), ,

" FOR 1%2TO Size~ = .=
~PLOT X1} Y(IJ,-1 ~

'-uzxr x- i TR

: vxxwvoa'r 0, mo a; 90-‘ R
- WINDOW =2, 10‘ e

"' HOVE " 4,-1

LABEL- X§
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'..v_i.(pm

Refrigeraint Prassur

nt Pressure (psi) |

)

B PR e P e

.-

/“ All’ Témperature (C) RTINS

L Alr Vgloc“ .5 m/ S
3 5’ 7‘2 *2.014¢ ’T +.0. 013055-1-.
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Al Volocltx 20 m/s ;
713+ 1.084°T. ;_'90097139-1'

L. e
A" Temperature (c){r- bk

o AIf Velocity 826 m/s .
P - &7 oas +1.6726°T +0. 0072747'T".-_'_.1" ‘







- Yelocity (m/s).

e
. b
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R
Velocity (m/s)
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: ,and 34 4 nVs Each proflle reprsents

Posrtlon Average Speed Averaqe speed
XY 3 6 m/s ‘.__-.13 3 n;/s

o ] .tgml [m/SJ [m/s] Ws]

CoLE120 -245 - 3 4037 0. 0863._}» 11 4167 o. 31125- 31, 1606 .73
- =80 =245 '3.1063::0.1173 - 11.4319. 0, 4490::;,31 4637.5;0,6474
. ~40 =245 .. 3. 2149f'o\11801’, 10:6973 .0.5455 - 30.7461  1.!
~0_=245 '3.2715.0.0760 10.8179 --0.4608: 30,13
o ad _;;,;1 1322,;- 0.4500:. 30"
T 120 j-;+g451, 2 8594"; q.o_sa_-/_j_r-u 1769-;_._.

=120 =240 3.5619 0. 0343 12.6361

- =80 =240 - 3.5103-0.0334 12,5773

o Te0 3.4663  0.0690 11.9887 0.43;

" _.::,;j"o 0304;1_ 12,0826 0.4:
+3% 'g.',.’j'ft;-,o 066312




4o
o os0

=120
=80
0

40“”
’80" 8

=80
—40'.

.

40

. 80 . -
120
160
11'20°  -
.. 220 0
2300
240 -
245 -

=245

T =240,

=230

: ”"-220T
=200

s L 13
=240 .

- =230

| =220 -

. ';“1201 .

'“:5_‘L80g"
40

: ,-2201¢
=220
=220 3,
=220
=220
.. =220

‘4=-80'
-;ﬁrao,V
. =80

~80"

=200:.
'-200
-2004f
’fz-200’"
f-200i
-200'{
4?200_

-160
=160
* =160,
» .0, =160
a0
8o
'”*'120;ﬂ'

=160 "
”—160ff

IBVSJ__,INVSJ nVS] .

' g{iuﬁ:?

?3 6539
13,6279

26223

°3.6015
'3,6380 °

3.5925:

;3;6496'

:?3 6351
13,6660

3.6344
3.6491

3.6241°
'.3.6584
3 6486

3, 6469
©3.6843 -
3.6580.
" 3.681Q
'3.6689

3.6492

‘3. 69411

;43 2486
+3.6287 -
.. 3.6657
. :3.7053
“+3,6901
37334
-~ 3.6633
©3.6365
- 3.6455
. 3.6678
). 3.6892
‘. 3.6778
. 3.6588
- 3.6902.
- 3.6415 -
-..3,5893-
- 3.4780
©3.1400 -
3. 3825
3.6

3. 91
3.7068

‘3. 6816

e

0.0352,23. L0243 0:1340 %

0.0311 13,0297 0.1
00352 .:13.0883  :0.L
.0.0182". 12 9429 0.1
0.0350 .87921;"

10,0259 12,9818 : 0.

0 0199 13 0632
0 0247 13 0462
i 0254 1371106 .
‘0. 0326 1341269

.0,0311 13, 0215‘

10,0319 13.0822°
0.0312 13. 0721
. 0. 0233 13, 0629

0 0265 13 1508
'0.0495 ‘13,1233
.0,0228 " :13.1858
'0.0412°  13.1606
'0.0374 " 13.1860
'0.0247 13.:1871 .

O 0229 13 1369.

01530 1005535
10,0447 11.7700
100410 12,7876
"0.0271: 13,0005
'0.0169 -13.1420
10,0148 13.2612°
10.0345.-13.2448,
10,0353 '13.2891
"0.0254' 13,3414
1 0.0388 13,3939
10.0330 13,1906

-0.0183 --13.1980

-0.0288 -13.2400°
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