
Fot.~0 
TA1 
Cb 
c..ee- -,"3-3q 
c..rp-2' 

WIND CALIBRATION OF MICROWAVE CAVITIES 

by 

E. J. Plate 

September 1963 

Lt. J,1- ... 

CER6 3EJP39 



--

WIND CALIB?.ATION OF MICROWAVE CAVITIES 

by 

E. J. Plate 

Prepared for National Bureau of Standords 

u nder Contrc1ct J::.o . CST-745 0 

Fluid Dynamics and D:i.ffu$ion Labora t ory 

Co l orado State University 

Fort Collins , Co lora o 

Sep t em er 196 3 

-
, ;. '( .. --: ..: . 

' ' ,'. ' < j: • ; •f 
• i- i ·uf: F 

• ~ ·~ J d 

CER63EJP39 



WI I:-l"D CALIB.Rl'.'rION OF MICROWl.VE CAVITIES 

1. Introduction 

prepared for 

NATIONA L BUR&•.U OF STANDARDS 

by 

E. J. PLATE 

The calibra tions to be porfor:r:ed 1ere supposed to yield infor­

ma tion on the following questions . 

a . How does the steady st<'.lte press ure inside the cavity vary 

as function of velocity and ~ngle of mean wind direction 

and cavity axis? 

b. How does the steady state flew rate through the c~vity vary 

as function of ve l ocity and angle of mea n wind direction 

and cavity axis? 

c. How does the refractive index of the cavity resr--ond to tur­

bulence? 

For the last question on ly sup orting data are given , which NBS 

personne l have to eva luate. 

2. Equipment and Procedures 

The experiments were perfo'Cmed in the wind tunnels of Colorado 

State University . These have a test section cross-section of 6• x 

6' which is sufficiently l arge to avoid thrott ling of the f low by 

the cavity. 
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The r:;;easure1::1ents c onsiste d of pressure , mea n vc l oci ty and turbu­

l ent in t ensity dat.=J . Pressure s were measured with a micre-manometer 

(F l ow Corporation Typ-e N .. 1-2 ) which uses butyl alcohol (specific grciv-­

i ty of O .81) as measuring flu id i'lnd which c an be r 1;,'i'!d to a s , .:1 lles t 

r eading cf 0.0002 in. of measuring fluid. 

'l'he reean ve l oci tics were roeast1rcd b y rnc~ns · of a pi tot-static tt1be 

o f stanaard (Pranot l ) d e sign . This \:as con;}ectcd to the above ma no­

meter . The accurocy of tl1e manometer and the stub ility of the flow i s 

not sufficient to perm.i. t. me.:isurements c,f vel oci t i es be l ow Ii mph, tho 

va l ues for 1 to 3 mph cire only aFr:ro:d.ma t e ly right, with a poss i b le 

error of ± 1 0 to 3 ~~ ( the l arger error c orr€!sronding to t11e l cwcr 

velc1city) . 

The t m:bul-:.nt intensi tics wer(~ .t:~casm:-ed on l y with the refracto-

meters rather than t he «;cdel c c vi tics i n the t unne l . Since the r e -

quiremen t was of o l arge t urbu l ence structta-e i n the tu ne l, a vane 

system con~ · sting of 2 x 12° l ur er l ouvres , which c ou l d be ~ajuctcd 

for dee easing the obstructed cn·c,a , Wt.ls i ustflllc into the en t rance 

of the t est section. 

The t urbulent intensities were 1r,ausurca ._,;ith a h ot wire aner.10-

mi3t er of the c cnstttnt t c :r,pcratur"" type . The wir0 ras rr;ade of 0. 0002" 

d itimetcr tm1gs t en with a t ota l resistance of at.out 6 Ohms . The ele c­

tronics was of the t ype ubb~rd . The t ypica l c ulibration curve fo r 

the hot vlire is given i n Fig. 1 . The tu rbu l ent intensity is equal to 

1./ ~, i ::: Al/ e 1 ~ 
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where-Y~ is the r li'.s value of the fluctuating volta ge (about a not 

r ecorded mean) a s .easured by a ~rue l and Kj aer t rue rms - ~eter , and 

A is the slope of the c libra tion c urve ~t the point en the curve cor­

r esponding to t he l ocal mean ve l ocity . Spectra of t urbu l ent energy 

we re t ti,~en with a zpectrum analysea type Br ue l ~nd "j .::i er 2109 . 

For e vti l ua ting the r e sidence ti , .... cf the fluid inside the c avity, 

t wo series of e..'< ,erimcnts we re p erforrned in CSU' s wind ti.nne l flume ­

c ombina tion {~·JFC) . The mode l c tivity was l a c ed on c; metol s tand into 

t he slowly running wa t er in the bottom i:,art of the ·wFc. Dye was in-

s e rted upstream of t he c a vity, en photographic c o l o~ pictures were 

t aken of t he flew i n a nd aroun_ t he c Dvity, with the c avity at di f ­

f erent -ngles to the flow. The reGidcnce time can be esti "ated from 

t he time i t t a es for t he wa t er i ns5.c1c the c avity to l oose any t race 

of dye. The valuution o f the photcgni_r.hs -..-ms l eft to NBS ; the films 

h<l ve :.en turnec over to t he p e rsonnel of NBS . The \'rotcr tunnel a~.t a 

should c o mrare ·with wind tunne l a~ta t a]:en at t he sa1r.e Reynol c s num­

b er , o r , if the flow i s fully tur l,ulent , (Reynol ds nuri·· ar above c r it-

ica l) hould be in epcn ent o .i:: ve l oci~y, i f ,.ade non<lim0ns cna l in t he 

fol lo Jing ~ray . 

l~ c on d efine a "clean out" ve l ocity for the cavity to 

L 
V :: - ·-

C T r 
where L = l ength of t he c avity and 

T = r esidence ti ie of dye i nside the cavity . 
r 

A non-dimensiona l nm:-:bcr 

h = 
C 

V 
C 

u 
C 
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where u = flow velocity in obstructed portion of l\JFC 
C 

ca n be defined, which should , for l arge Reynolds nurr-:bers, depend only 

on the angle of inclination 0 between c avity axis and flow direction . 

3. Results of presst1re me a s t1roments 

The pressure measurements were made with the intention of obtain­

ing an estimate of the di fference between the pressure inside and out­

side of t he cavity , and of obtaining an estimate of the relative flow 

through the cavity as funct i on o f ang l es between the direction of the 

mean wind and the axis of the c avity .-

The prcssu:!'.'e p. inside the cavity ras measured with r espect to 
). 

the hydrostatic rcssure p • 
s 

The hydrostatic pressure was t aken f rcm 

the static t aps of the pi tot static t u r~ . With these pressures , a 

presstrre coefficient Cp was de£inea to 

C 
p 

where p is the den$ity of air , and 1/2 pu 2 i s the pressure re<'lding 

obtained between the two pori:.s of the pitot-static tube . 

The results are shown in Fig . 2 . There ap;::ears to be a l arge v·ri­

ation fo!.· the pressure coefficient at l ow speeds , the absolute pres-· 

sure changes are , ho ·1ever , c;n ly sm 11. For l arge velocities , the dis-

t ribut.ion a t ta ins a sha e independent of velocity , b earing otit the fact 

that due to the sharp edges of the cavity opening a ve locity effect (or 

Reynolds nur.~er effect ) shou l d net exist , except in the r egi ons near 

l aminarflow o r in the t rc1nsi tion b e tween l aminnr and turbulent . Since 
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the cavity is of rather peculiar shape and does have flow through it 

which is obstructed by the front and r ear plate s, it is not possible 

to define an expected critica l Reynolds number ; from the experimental 

evide nce one might s peculate , howeve r, that in the average for all 

angles the l ami nar flow r egion b econ~es uns t able s omewhere betwee:n u = 

2 and 3 mph , while fully developed turbulence starts between about S 

and 10 mph. 

4. Results of .. ualitative flow measurements .. 

Qualita tive estimates of the flow rates we re made by measuring the 

pressure difference between the pressure pf aga inst the front c enter 

of t he f ront cavity p lcite and the pressure p r against the rear c enter 

of t he rear p l ate . The r eason f or this is that in a c rude approxi-

mation the tota l pressure c a n be assumed constant f or acros5 the f ront 

end of the cavity as well as across the rear. Then Bernoulli' s equa-

tion for the front end yields 

where u
1 

i s the ve l oc ity through the front holes of the c avity, a nd 

p i s t h~ static pressure at thG f r ont end (which is not ne cessary 
fs 

e~ual to the static pressure in the wind tunne l, but not very fa r off ). 

For the rear end one obta ins 

where t1
2 

is the vcloci ty through the rear holes of the cavity ~ and prs 

i s the static pressure at the downstream end o f tho cavity. Now, the 
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flow through the cavity c an be considered to resemble the flow through 

an orifice under the effect of a pressure g radient pf - p ; and since 
1 s rs 

from the condition of continuity follows u
1 

= u , one obtains 
i 

where c
0 

is a discharge coefficient which should for tu -r:bulent flow and 

sharp edged openings be independent of velocity. Thus, for the dis­

charge follows : 

Q m ~. A • 
✓p - p f r 

A 
l/2CnP 

where A is the area of openings . 

Due to the c rude assumptions involved , this resu lt cc1n be used only 

qualitatively . Its Vil lue lies in the f act tha t it shows that Q depends 

only on the pressure diffe rence , if other qu~ntit i es a r e e qual. Thus , 

for the s ~rne velocity, if the pressure dif ference is the s ame , then the 

flow through the c avity should be the sarne also. 

Applying this conclusion to the experimenta l results, which are 

plotted in Fig. 3, it can be seen that the rcte of flow thr ough the 

0 
cavity does remain approximate ly constant from angles f om Oto 20 

fo r all except the lowest ve l ocities, while it dec r eases :r-apidly be-

o 0 
yond about 25 until it r eadies es senti a lly ze~o at 90 . 

A s econd conc l usion c a n be d .,...aw-n r ega ::-ding imp1.·oving t h e -,·eponse 

tim~ of the cavity. This can be done by inc r easing the size of the 

holes in the f ~ont and the end plate, bu t the r e exists nlso the pos-

sibi li ty of 1:ounding t.he edge s of the openings to converge t he flow 
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more g:cac1ual_ly. 

5. Turbulence MGasurements 

Three different turbu l ence l eve l s were generated with the vanes 

d escribnd in 2. The vanes c ause disturbances with frequencies 

essentially from almost de to 5000 c ps . ww frequencies ere assoc ia t ed 

with large eddies , thus , it was t hought necess ary to prcvide for 

f requency infor~~tion by neans of an osci llograph r ecording of the 

signa l obtained from the hot wire set . 

The recordings are atta ched in a separate folder . (Note : do not 

expose recordings to direct sunlight). The oscillograph trace docs 

not contain the c ompl ete signal. Th0 oscillograph, a Hone ywe ll 

Visicordcr Type 1406 , hns a f requency r esponse flnt to only 200 cps . 

Also, the output o~ the hot wire s et has a l ow frcc1ucncy cut: off at 

about 0 . 2 cps , so that all energy below this frequency r emained 

unde t e cted . 

In order to provide i nformation at high frequencies , the spectrun 

o.nalyser 1,,,as used which gave the spectra l distrib •tions associated with 

the different gri d s i zes as sho·wn in Figs. 4 to 6 . Since t he spectrum 

analyser works only for frequ encies above 10 cps , the osci llograph 

r ecordings hove t o serve the purpose of filling in the inforrnation 

l;..stw2~n 0.2 cps to 16 cps . The total turbulent . energy is recorded for 

d ifferent velocities and grid si~es in Tzible 1. The va l ues are 

estimat ed t o be accurate within -:- 2w; . 



TABLE I 

'NJRBULE_JCE .MEASU.EIBMENTS 

Grid No. l Grid No . 2 Grid No . 3 

. . ·-•·~--
u' 2 ~ \1 ,2 u u •!? 

■ T$ II a ... , ...•. a. - -<m.: ) u ~~) tl (r.m~1 ) u (',. n C. 

2 2 .6 0. 212 25.6 0.104 25 .6 0.029 

19 . 4 0. 20 19 .4 0.113 1 9 . 4 0.028 

1 0 . 3 0.16 1 0.3 0. 113 _ 10. 3 0.016 

5 .. 0 0. 093 5.0 0. 025 5.0 0.006 

2 . 6 0. 043 2 . 6 0.013 


	CERF_63_39_ArchivalCopy_001
	CERF_63_39_ArchivalCopy_002
	CERF_63_39_ArchivalCopy_003
	CERF_63_39_ArchivalCopy_004
	CERF_63_39_ArchivalCopy_005
	CERF_63_39_ArchivalCopy_006
	CERF_63_39_ArchivalCopy_007
	CERF_63_39_ArchivalCopy_008
	CERF_63_39_ArchivalCopy_009
	CERF_63_39_ArchivalCopy_010

