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ABSTRACT 

The obj e c t ive o f  the present inves t igat ion is to sub s tan t iate  

the  mechanism o f  acou s t ic s t reaming ; this was carried out by conduc t­

ing detailed in t e rnal surveys o f  a Ranque-Hil sch swirling f l ow t e s t  

rig a t  the condition when the vortex wh istle  was a t t enua t ed o r  exc ited . 

This con t ro l  o f  the vo rt ex whistle  was ac comp l ished by two methods . 

In the f irs t me thod where the vortex whi s t l e  wa s a t t enuated by 

placing a re s t ric t ion at the exhaus t ,  a Rankine vo rt ex wa s ob served 

to f o rm ,  accompanied by an almo s t  unif o rm total t emp e rature dis t ribu­

t ion in the radial d ire c t ion exc ep t  f o r  a dip near the vort ex c o re ;  

when the vo rt ex wh i s t l e  emerged by the removal o f  the re s t ric t ion , a 

f o rced vort ex wa s f o rmed , accompanied by an almo s t  l inear d i s t ribut ion 

o f  total t emperature in the rad ial direct ion . This e s t ab l ishes that 

the to tal t emp era ture separation is indeed caused by acou s t ic s t ream­

ing induced by the vort ex whi s tl e , which serves to deform a base  

Rankine vo rt ex into a f o rced vo rtex . 

In the second me thod where the vort ex wh i s t l e  wa s suppre s s ed by 

the ins tallat ion o f  an acou s t ic suppressor, at the t ime of sound sup ­

pre s s ion the total t emp erature at the c enterl ine l eap t upwards wh ile 

the total tempera ture at the periphery took a sudden plunge . In spite 

o f  this , a re sult to b e  exp ected , the forced vo rt ex f o rmed before the 

sound suppre s s ion did not reve rt to a Rankine vo rt ex . The cause o f  

th i s  unexpe c t ed result wa s traced t o  a contaminating e f f e c t  o f  back 

flow en train ing amb ient air.  Beside s , the ro le o f  tun ing mechani sm 

o f  acou s t ic suppre s s o r  wa s identif ied to be that o f  suppre s s ing the 



second harmonic o f  the vor t ex whistle  rather than the previou s ly-held 

fundamental f requency . 

In addit ion , ano ther phenomenon o f  in ten s e  hea t ing caused by 

iv 

a pure tone sound , generically d if f e rent f rom the vo rt ex whis t l e  was 

found ; this may b e  related to  Hartmann-Sp renger resonance tub e e f f ec t . 
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CHAPTER I 

INTRODUCT ION 

The e f f ec t  o f  sound waves upon the f low is now b e ing recogn i zed 

to be c l o sely related t o  the t o tal t emp erature s ep arat ion [ 1 ,  2 ,  3] ;
1 

th is  phenomenon , where the sounds modify the s t eady base f l ow , is 

caused by the mechanism known as acou s t ic s t reaming [ 4 ] . Al though the 

s tudy of the s t eady f l ow upon the s ound waves ha s b een a subj e c t  o f  

numerous inve s t igat ions , the converse prob l em--the e f f ec t  o f  uns t eady 

wave s  on the t ime-averaged f low f ield--does not appear t o  have drawn 

1 

as much a t t ent ion as i t  warrant s .  Lord Ray leigh [ 5 ]  f ir s t  analyzed the 

prob l em of acou s t i c  s t reaming using the Kund t ' s  tubes ; henc e acou s t ic 

s t reaming i s  no t ,  by i t s el f , a newly-found phenomenon . S ince then , 

the s e  prob l ems have sporadically evoked the interest  o f  phys ic i s t s  

[ 6- 1 3] . Yet , this interact ion o f  the uns t eady dis turbance o n  the mean 

f l ow has r ema ined , in the main , a subj e c t  o f  only s c ient if ic in tere s t ; 

its  prac t ical imp l icat ions do not appear t o  have received equally 

des erved recognit ion . 

There do exi s t , however , the impor tant acous t ic s t reaming phe-

nomena wh ich b ear d irect  relat ion to the eng ine ering app lications . 

As an examp l e , this causes the int ense hea t ing in the resonance 

tub e  or  Har tmann-Spr enger tub e  [ 1 4 ,  1 5 ] , a cylindr ical tub e open at its  

up s tream end , clo sed at the downstream end , and immer s ed in a je t f l ow .  

Merkl i and Thomann [ 1 6 ]  succeeded in tracing th e phenomenon o f  

1Numbers in b racke t s  refer t o  similarly-numbered r e f erenc es in 
the B ib l iography . 



Har tmann-Sprenger tub e t o  acous tic s t reaming by using the nonl inear 

acou s t ic theory . Ac cording to them , acou s t ic s t reaming induced by 

resonan t o s c il l a t ions of a gas-f illed p ipe can produce ext r eme hea t ing 

of its  c l o sed end , which corresp onds to a node of the resonant wave ; 

the comp en s a t ing cooling t akes place in the middl e o f  the p ipe , wh ich 

correspond s to a loop . 

As the second examp l e , extremely low recovery t emp erature meas­

ured in the near-wake r egion o f  a thermally insulated cylinder [ 1 7 ]  or 

o ther b ody [ 1 8] in h igh sub sonic flow is a t t r ibuted to s t reaming 

induced by von Karman vortex s tree t s  [ 1 9 ] . I f  the cylinder is no t 

thermally insulated but its  surface temperature is  maintained t o  b e  

cons tan t  by hea t ing elemen t s , the higher h e a t  tran s f er rate is f ound 

2 

in the s eparated flow region o f  the cylinder [ 20 ,  2 1 ] . This phenomenon 

involves obvious imp l icat ions related to such t echnolo gical app lica­

t ion s as  gas turb ine coo ling . 

The next exampl e ,  the Ranque-Hilsch or  vor t ex tub e e f f ec t  due 

to the acou s t ic s t r eaming , is the sub j e c t  o f  the presen t  inve s t igat ion . 

The tub e ' s  name came from the f ir s t  two inve s t igators [ 2 2 ,  2 3 ] . 

In the Ranque-Hil s ch tub e ,  compres s ed air is inj e c t ed t angen t ially near 

one end of the tub e .  The swirling air thus created s epara tes sponta­

neously in to hot and cold streams . Many s tudie s , b o th analyt ical and 

exp er imental , have been conduc ted on the b ehavior o f  the vo r t ex tub e . 

But , unf ortunate ly , almo s t  all inve s t igators  have deduc ed fallac iously 

tha t the t o t al t emperature separation is due to the turbulent shearing 

work done by Reynolds s tresses  (For the c r i t ical review and history o f  

the pas t inve s t igation s , s e e  [ 1 ] , [ 2 ] and [ 2 4 ] . ) . 



Now i t  has long been recognized tha t a h igh- in ten s ity wh i s t l e  

sound-- the so-called vor t ex wh i s tle--emanat e s  from contained vor t ex 

f l ow in general and from the Ranque-Hil s ch tub e in part icular . 

Al though s o  f ar i t  has b een regarded as  a mer e ,  annoy ing by-produc t o f  

such swirling f l ows and nothing mor e ,  according t o  Kurosaka [ 1 , 2 ] , 

who analy z ed acou s t ic s t r eaming for a swirling gas within a cylindrical 

duc t ,  acous t i c  s t reaming induced by the "vo r t ex wh i s t le "  produces the 

Ranque-Hilsch e f f ec t ; the reason why the t o tal t emp erature b ec omes 

s eparated in the radial direct ion was exp lained as  the result o f  

t rans f o rmat ion o f  a Rankine vor t ex ,  presumed t o  b e  f o rmed i n  the 

ab s ence of the vor t ex wh i s t l e , t o  a forced vor t ex caused by acous t ic 

s t reaming induced by the vor t ex whi stle  (F igure 1 ) . 

The f ir s t  exper imental c onf irmat ion o f  the theory is  described 

in detail by Chu [ 2 4] . An acous t ic chamber , sp ec ial ly des igned and 

tuned t o  the frequency o f  the vor t ex whis t l e , was ins talled on a uni­

f l ow type Ranque-H i l s ch tub e .  When one of the f requenc ies of the 

vor t ex whis t l e , wh ich increases as the f low is  increased , hit the 

tuned f requency , the s ound l evel suddenly tumbled . At that t ime , the 

cent erline t emp erature immed iat ely sho t  up . Almo s t  all of his measure­

men t s  were r e s t r ic t ed t o  that o f  the c enterline temperatur e ; no 

detailed int e rnal flow survey such as radial prof iles  wer e  c ondu c t ed 

b ecau s e  o f  the small size  o f  the vor t ex tube used in his  experiment s .  

The obje c t ive o f  the pre sent s tudy is t o  ob tain the internal 

f l ow measuremen t s  of an upscale Ranque-Hilsch swir l ing f l ow t e s t  

r i g  in order to examine , in detail , how the acou s t ic s t reaming a f f e c t s  

the f l ow pat tern and energy separat ion . 

3 



( a )  Rankine vo rtex in the 
absence of acou stic 
streaming 

( b) Forced vortex with 
acou stic streaming 

Figu re 1. Deformation of swirl by acou stic streaming. 
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CHAPTER II 

EXPERIMENTAL S ET-UP 

The mo s t  common arrangement o f  a Ranque-Hi l s ch tube or  vortex 

tub e is the  comb inat ion o f  a swirl genera tor  and two solid  p ipes [ 2 6 -

3 1] .  The f eature o f  t h e  vor t ex tub e  is  that incoming air , upon leav­

ing the swirl generator , b ecomes separated in to two outlet  f l ows ; one 

f l ows through the main p ipe with hot ter t emperature than that of the 

inl e t ; the o ther with colder temperature exhau s t s  f rom the so-called 

" cold  end o r if ice . "  For the presen t  exper iment ,  the c o l d  end o r i f ic e  

was comp l e t e ly closed . Even by c l o s ing the cold  end p ip e , the t o tal 

tempera ture in this " uni-flow" arrangement , shown in Figur e  2 ,  is 

shown t o  r emain s eparated in the radial direct ion ; and b ecause of its  

s impler f low p a t t ern , our  inve s t igat ions here , as well  as the  preced­

ing one s , f o cused up on this uni-flow typ e . 

The c ompressed  a ir from a surge tank enters  a man i f o l d  through 

an inle t  p ip e . With in the manifold , a swirl genera tor  is  located . 

The swirl generator , with three inches inner d iame t er , has f our tan­

gen t ially drilled no z z l e s  of l / 4  inch diame t er , all  equally spaced 

around circumf erence .  The air leaving swir l  generator no z z l e s  is  

therefore impar t ed a swirl ing mo t ion . One end o f  the manifold is 

closed by a cold end p lug . The swirling air , ther e f or e ,  e scapes only 

in one direct ion through the main p ipe . 

As alr eady s tated , the size  o f  the t e s t  rig used t o  obtain the 

resu l t s  o f  Ref s . [ 1 ] , [ 3 ] , [ 2 4 ] , and [2 5] was too small t o  allow the 

detailed radial survey of flow f iel d ; the diame ter of its  main p ipe 

5 
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was only 1 1 / 1 6 inch . Theref ore , an up s caled vers ion o f  the t e s t  rig 

has b e en con s t ruc t ed; its  diameter is now enlarged t o  two inche s .  I t  

i s  suf f ic iently large t o  allow the insert ion o f  probes without caus ing 

maj or disturbance  o f  f low . The t e s t  rig is placed in the reverb erat ion 

chamber of the Ac ou s t ic s  Laboratory of The University of T ennes see 

Space Ins t itu t e . 

Both a solid  and porous p ipe were manufac tured and used as the 

main p ipe in the f o l l owing way s : 

1 .  the s o l id main p ipe , 

2 .  the porous main p ipe with the acous t ic chamb er , 

3 .  the p orous main p ip e  with the acou s t ic chamber , f i t t ed 

with smaller exit-area pla te , and 

4 .  the s o l id main pipe f i t ted with smaller exit-area p late . 

A .  S o l id Main P ipe 

7 

This s t andard pipe s erves as the baseline con f igurat ion ; as  shown 

in F igur e  3 together with the swirl generator , the d iame t er o f  the p ipe 

is  2 inches , i t s  l ength 5 . 2 5  inches . 

B .  Porous Main P ipe 

The afor ement ioned solid main p ipe can be replaced with a p orous 

main p ip e , shown in F igure s  4 and 5, where a numb er of 0 . 046  inch 

diameter holes  are drilled . An acou s t ic chamber , mad e  o f  T e f l on , f it s  

o n  this porous main p ipe . The chamber has the acous t ic cavit ies , 0 . 1 7 7  

inch in diameter , and cavity arrangement cons i s t s  o f  2 2  axial rows and 

30 c ir cumf eren t ial c olumns . To each cavity , a tun ing rod is ins er t ed . 



Figure 3 .  Swirl gene ra t o r  with s o l id main p ipe . 
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By varying the cavity length , £ o f  Figure 4 ,  the vor t ex wh i s tle can b e  

a t t enua ted a t  any des ired tuned frequency , f t In order to reduce 

leakage through the acou s t ic cavitie s , the acous t ic chamb er is  covered 

by a T e f lon sheath . The entire assemb ly is c lamped by an end pla t e .  

During the exp er iment ,  i t  was always ascertained that the air does  not 

leak f rom the t e s t  rig . 

C .  Shape o f  End P late  

During th is  exper iment ,  it was f ound that the  shape o f  the  end 

plate , ( 9 )  o f  Figure 5 ,  plays an impor tant role in the g enerat ion or  

the supp r e s s ion o f  the vortex wh istle ; this , in turn , a f f e c t s  the 

Ranque-Hilsch e f f ec t .  Two d if f erent kind s o f  the end p la t e s  were made 

for  this experimen t . The purpose  o f  the f ir s t  kind is  t o  b lock par­

t ially the exit area o f  the main p ip e ; they have openings near the 

c en t er line o f  the main p ip e , but its  d iameter is  smaller than that o f  

t h e  main p ip e . The f ollowing diameters o f  openings were used : 0 . 3 ,  

0 . 4 ,  0 . 5 ,  0 . 6 ,  0 . 8 ,  1 . 0 , 1 . 2 5 and 1 . 5  inche s .  The thickne s s  o f  these 

plates  is  1 / 1 6 inch . These  p lates can b e  ins talled either t o  the 

solid or  porous main p ipe . 

The second kind , shown in Figure 6 ,  has an opening with a 

diame t er nominally equal t o  that o f  the main p ipe ; they were only 

ins talled with the porous main p ipe . The s e  shape s  were f ound t o  b e  

int imat ely related t o  the e f f e c t  o f  the sound suppress ion and sub se­

quent change in the f low f ield . The e f f e c t  o f  these end p lates  will 

be discu s s ed la ter . 

1 1  
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Henc e f orth , the f o l lowing symbols , shown in Figure 7 ,  will be  

used to des igna t e  the var ious comb inat ion o f  the main pip e ( s ) , acous t ic 

chamber and end plate ( s ) . 



I 
I 

( 1 ) s o l id main p ip e  

( 2 )  porous main p ip e  with 
acous t ic chamb e r  

( 3 )  p o r o u s  main p ip e , with 
acou s t ic chamb e r , f it t ed 
with smal l er exit-area 
p l a t e  

( 4 )  s o lid main p ip e  f it t ed 
with smaller exit -area 
plate  

Figu r e  7 .  Abb reviated f igures showing var ious  
typ e s  o f  test  rig . 

1 4  



CHAPTER I I I  

INSTRUMENTATION AND DATA REDUCTION 

The measuremen t s  ins ide o f  the main p ipe wer e  carried out with 

the p r e s sure and t empera ture probe s . The t o tal and s t a t ic pressure s , 

the t o t al t emp erature and the f l ow angle were mea sured a s  the t ime­

averaged , mean value s . Th e sound f requency and the sound pres sure 

level were mea sured with the microphone . 

A .  P r es sure Measurement 

In g eneral , the measuremen ts o f  int ernal f low are d i f f icul t 

b ecause o f  the d i s turbance o f  f l ow caused by the ins ert ion o f  probes . 

Fur thermore , the mea suremen t s  in swirling f low are more dif f icul t  

than o ther internal f l ows . Th is is because the presence o f  s trong 

radial pres sure gradien t s  in the swirling f low p o s e s  a d i f f iculty in 

redu c ing the err o r  in data ob tained from mul t i-prob e  holes ; they are , 

s tr ic t ly speaking , located at  d i f f erent rad i i . 

The veloc i ty c omponent in radial direct ion o f  the vor t ex tube 

can be as sumed t o  b e  very smal l ,  as compared with the ax ial or  tan­

gent ial vel o c i ty comp onen t s  [ 2 8- 3 3 ] ; thus , it is neces s ary only t o  

measure t h e  axial and t angent ial veloc ity component s .  

The importan t  fac tor  in the probe select ion i s .  i t s  s i z e . 

Obviou sly , the veloc it ie s  mea sured by a probe wil l  d i f f e r  f rom tho s e  

in ab s ence o f  the probe , and the diff erence increases with increasing 

probe s iz e . 

1 5  
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T o  a s sure the grea t e s t  possible  ac curacy in this exper iment , 

the probes  were mad e  as small as possible , bu t with enough s trength and 

reasonab l e  response  t ime s . Thus , the size  of the probes wer e  chos en to 

be 1 / 1 6 inch in its outer d iameter . Init ially the probe shapes , shown 

in Figure 8 ,  wer e  cho s en f rom Ref . [ 3 2 ] ; (a)  a transverse-cylinder 

prob e ,  ( b )  a wedge- type comb inat ion probe , and ( c )  a three- tub e  c om­

binat ion prob e . The s e  three-hole pressure prob e s  were int ended t o  be 

used for measuring the magnitude o f  vel ocity vec tor  and its direc t ion . 

The r eading o f  the c ent er-hole pressure gives the t o t al pressure 

once the pres sure dif f er ence between the o ther two adj acen t  holes  is 

adj u s t ed t o  z ero by r o t a t ing the prob e , while the s e  r eadings o f  the 

adj acent hole s  p rovide the s ta t ic pres sure . 

Thes e  pres sure probes wer e  calibrated in the calib rat ion r ig 

o f  a f r ee round j e t ;  the calibrat ion curve is shown in F igur e  9 .  Even 

when the calibrat ion curves are prepar ed in such a free j e t ,  near the 

wal l  surface the t ransverse-cy l inder probe and the wedge-type comb ina­

t ion probe devia t e  f rom the free j et charac teris t i c s  because of the 

presence  of a horseshoe vor t ex on the wal l .  T o  avo id the e f f e c t  o f  

the horseshoe vor t ex , the three- tube comb inat ion prob e , a rake-typ e , 

was ma inly used t o  measure the pressure . At the t ime o f  calibra t ion , 

this was compared with s tandard-s ized rake- type prob e to measure the 

pressure near the wal l  o f  the calibrat ion rig ; i t  was conf irmed that 

in the three-tube c omb inat ion probe the e f f e c t  o f  horseshoe vor t ex 

can b e  virtually el imina ted . 

To measure the pres sure at given axial s tat ion , f ir s t  either 

the tun ing rod o f  the des ired cavity or  the cover plug at that 
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F igure 9 .  Calibrat ion curve o f  p r e s sure probes . 
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p o s i t ion o n  the ma in p ipe was removed .  The pressure probe was radially 

inserted int o  the main p ipe . At the same t ime , the probe wa s moun ted 

on the t ravers ing uni t  a t t ached t o  the test rig . 

B .  T emp erature Measurement 

The t emperature probe , as shown in Figure 8 ( d) , was des igned 

to g ive a high recovery factor . To reduce the heat conduc t ion f rom the 

Chromel-Alumel thermo c oupl e , the thermocouple wires were insulated 

f rom the ou ter s t ainl e s s  s t eel tube ; its  outer d iame ter was the same 

as tha t o f  the p r e s sure probe ( 1 / 1 6 inch) . The temp era ture prob e  wa s 

also calibra ted , and the reading o f  the tempera ture wa s int erpre ted 

dire c t ly a s  a t o tal t emperature . This probe was used f o r  determining 

the radial to tal temp erature distribut ion in the main p ip e  by inter­

changing with a pres sure probe moun ted on the t raver s ing uni t . 

For the c en t erline t empera ture mea surement ,  the Chromel -Alumel 

thermocouple with a s t a inless s t eel sheath p ipe , the ou t er d iame ter 

o f  which was 1 /8 inch , was inserted through the cold end p lug . Upon 

calibra t ion , this thermo couple did no t exac t ly mea sure the t o tal t em­

perature b ecause o f  the low recovery factor . For tuna tely , at  the ma in 

pipe cen t erline , the velocity is so small that the t o tal t emperature 

is almo s t  equal t o  the s ta t ic temperature . One can , therefore , as sume 

saf ely tha t the mea surement with this thermocouple g ives , f or all  

prac t ical purp o s e s , the  t o tal t emperature at  the centerline o f  the 

main p ipe . This axial insert ion also gives l e s s  dis turbanc e in the 

flow o f  the main p ip e . 



C. S ound Measurement 

The sound measurement wa s comp l e tely the same as that o f  Ref s . 

[ 3 ]  and [ 24 ] . A condenser microphone was nominally located a t  a dis-

20 

tance o f  three f e e t  away f rom the main pipe axi s ; in certain cases , the 

microphone was p laced wi thin the pipe , f lush with the p ipe wal l . 

D .  Data Redu c t ion 

F igure 1 0  shows the cyl indrical coordina t e  system ;  v and w are 

tangent ial and axial velo c ity component s ,  resp ec t ively , and thes e  

nomenc latures are t o  b e  used throughout the present the s i s . Hence-

f orth , the s e  velocities  and o ther f l ow quan t i t ie s  denot e  t ime-averaged , 

mean value s . 

Once the t o tal and s t a t ic pressure , p* , p ,  the t o tal t empera ture , 

T* , and the f l ow direct ion , a, are measured , the t angen t ial and axial 

vel o c i ty componen t s ,  v ,  w, and the s t atic t emperature , T ,  can be calcu-

lated by the relat ionship o f  an isentrop ic f l ow a s sump t ion . The 

equat ions are 

T* T (l 

p* p (l 

a = )YRT 

p PRT , 

q Ma , 

+ Y-1 M2
) 2 

Y-1 2 
Y/ ( Y- 1 )  

+ - M )  
2 

p* P*RT* 

v q s in a, w q cos  a. 

( l ) 

( 2 )  

( 3 )  

( 4 )  

( 5 )  



2 1  

N 



22 
The magnitude of the velocity vector and the static temperature can be 

obtained as 

q 

T 

( 1)/ ]1/2 [ .11_ RT* f 1 - (_..E._) Y-
y 

( y-1 L p* 1 

(y-1)/y 
T* c;*) 

In this experiment, the air was used as an operating fluid so that 

y l .  4 ,  R 1716 lbf ft/slug 0R 

(6) 
(7) 

( 8 )  

The mass flow, G ,  and the energy flux, Q, through the main pipe 

can be calculated by integrating the flux from centerline to the peri-

phery of the main pipe: 

r 
G 21T J o 

prw dr (9 ) 
0 

ro 
Q 21T c J prw T* dr p 0 

(10) 
P* c;) 1/y where p RT* (11) 

This mass flow was always checked against the one through the ASME 

orifice installed in the upstream of the test rig. The latter was the 

1 -D and 1/2-D tap orifice [33], with 0.772 inch and 3.0 inches in 

orifice and pipe diameters, respectively. The mass flow is given by 

G .  ln (12) 
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where p 1 , T 1 * a r e  the values at  the 1 -D up s t r eam tap , p
2

, the pres sure 

at  1 / 2-D down s t r eam tap . K is the f l ow coef f ic ien t , a fun c t ion of the 

Reynolds number based on p ipe D ' , Re
D '

, that is , 

4 
Ret= D 'IT 

G .  J.n 
D' l-l 

In equat ion ( 1 3 )  the Sutherland formula for vis c o s ity [34 ] , 

]..! 
7 T3 / 2  

7 . 28 7  x 1 0-
T+ 1 9 9  

lbm/ f t  sec 

was used t o  det ermine the vis c o s i ty . 

The f l ow c o e f f ic ien t is given a s  [3 3 ]  

K 0 . 5 9 3 2 0 + 0 . 8 6 6 1 4 /  ,JR�, 

( 1 3 )  

( 1 4 )  

( 1 5 )  

However ,  the value o f  K i s  f ound t o  devia t e  from this in our t e s t  rig ; 

our cal ibrat ion shows that K is  g iven , more adequa t e ly , by 

K 0 . 5 7 4 1 1  + 6 . 244 1 2 /  ,/R�,- 2 7 9 . 1 3 5 /ReD, ( 1 6)  

S ince the radial vel o c i ty is negl ig ibly sma l l , the f o l l owing 

radial equ i l ibrium b e tween the radial pres sure gradient and c entr ifugal 

force holds in the inviscid reg ion , the one ou t s ide of the wal l  b oundary 

layer and outs ide o f  the center l ine : 

lE 
a r  

2 pv 
= --

r ( 1 7 )  
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From th is equat ion , the tangential veloc ity can also b e  calculated by 

v 

On the o ther hand , u s ing equa t ions (1 ) through ( 5 ) , equat ion ( 1 8 )  

becomes 

1 
r 

[ 
* (y- 1 )  /y 

(_E__) p 
. 2 

s1n a. 

( 1 8 )  

(1 9 )  

A t  a f ixed axial d is tance ,  this equa t ion can b e  regarded a s  an ordinary 

dif f erential equat ion f o r  the unknown p ,  once p* and a are known as 

func t ions of r .  This equat ion can easily be s o lved by u s ing the f ourth 

order Runge-Kutta  metho d ,  with initial condit ion g iven a t  an appropriate 

value o f  r .  

F ina l ly , the entropy i s  related t o  the temp erature and pres sure 

of the f lu id by 

s - s .  
1n 

c p ln T 
T .  

1n 

By using equations ( 1 )  and ( 2 ) , equat ion ( 20)  may b e  rewr i t t en a s  

S - S .  
1n 

y T* _p* ) R (--- ln - ln 
y- 1  T in P in 

( 20)  

( 2 1 )  



2 5  

CHAPTER IV 

EXPERIMENTAL RESULTS AND D I S CUS S ION 

A .  Vo rtex Whi s t l e  in the S o lid Ma in P ipe 

To c ompare the measured f requency o f  the vortex whi s t l e  with the 

one calculated f rom the analy s is , an experiment was in it ially conduc ted 

t o  mea sure the vel o c i t ie s  and f requenc ies in the s o l id main p ipe . P re-

viou sly in Chu [ 24 ] , such f requency- tangent ia l  velo c i ty relat ionship 

was c ompared favorab ly with the analysis , but the t angen t ial veloc ity 

was not  dire c t l y  measured ; ins t ead i t  was e s t imat ed by an indirect  

mean s . Here the s i z e  o f  the up scaled vers ion enab led us t o  measure 

the tangen t ial velo c i ty direc t ly .  

F igure s  1 1  and 1 2  show the examples  o f  the velo c ity dis t ribu t ions 

and f requency s p e c t ra .  We discuss the s e  in detail short ly ,  but b e f ore 

making comparison with the analysis , i t  suf f ices  here to note  the p res-

enc e  o f  pure t ones  in the f requency spec t ra o f  F igure s  1 1  and 1 2 .  

Details  o f  the mathemat ical analysis  o f  the uns teady swirling 

f low in a p ipe is g iven by Kuro saka [ 1 ] .  As a part o f  this analysis , 

the f requency-swirl relat ionship of an unf low type Ranque-Hilsch tub e 

is  determined , f rom the invis c id flow model, as 

w ( 2 2 )  

where w is  the lowes t  eigenvalue o f  the tangent ial wave with wave num-

ber,  m ,  A, the ra t io o f  the wal l  rad ius , r , and the interface b e tween 
0 
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a forced and free vortex , 

vor t ex . 

r. ,  and�, angu lar velocity o f  the forced 
l 

3 0  

The above tang en t ial wave number , m ,  o f  the pure t one , where the 

d d . b f h i (me - w t )  . d . d f uns tea y lStur ances ar e o t e typ e e , lS etermlne rom a 

Lis saj ous f igure . This is ob tained by placing two microphones at the 

same axial and rad ial p o s i t ions near the main p ipe , bu t varying relative 

posit ion in the circumf eren t ial d irec t ion . The se two microphone s ignals 

can ind ividually f il t e r  only the fundamental frequencies /higher har-

mon ies thr ough two iden t ical f il t ers . 

F igure 1 3 ( a )  shows the example o f  the L i s s aj ous f igure for  9 0 °  

microphone arrangement u s ing the f il ters corre spond ing t o  the fundamen-

t al frequency . From th is circle-like f igure , the tangent ial wave number 

o f  the pure tone corre sponding to the f ir s t  peak of F igures  1 1  and 1 2 ,  

deno ted a s  ·f 1 1 , i s  f ound , by the reason described in App end ix A ,  to  

b e  the f ir s t  t angen t ial wave mod e ,  l m l = 1 .  When the f ir s t  microphone 

f il ters  f 1 1  and the s econd f il t ers the s ec ond p eak of F igur e  1 2 ,  the 

Lis saj ous f igur e  takes the form of F igure 1 3 (b ) , and f rom this the fre-

quency o f  the s ec ond peak is f ound to  be exac tly twice that o f  the 

f ir s t  peak , again by the r eason s tated in Appendix A .  

At the l ow inl et pressure , as Figure 1 1  shows , the next peak is 

d eno ted as f 2 1 . The wave number , m ,  correspond ing to  this is f ound 

to be equal to two , again as shown in the appendix , but the frequency 

o f  f 2 1  is not equal to  twice of f 1 1  but only 60% higher . There fore , 

th is is no t the second harmonics , and we will return to  this in IV-E . 

When the peak corre sponding to f 2 1  become s a s  dominant a s  that o f  f 1 1 , 



microphone (Y) 

microphone (X)  

( a )  

(X)  and ( Y )  f il te r  only 
the f ir s t  p eak, f 1 1 • o f  
F igur e  1 2 .  

( b )  

( X )  f il t ers  t h e  f i r s t  peak, 
f l l ; 

(Y)  the s ec ond peak o f  
F igur e  1 2 .  

F igure 1 3 .  Examp le o f  L i s saj ous f igure . 

31  



3 2  

thes e  two f requencies create comb ination t ones:  n 1 f 1 1  ± n2 f 2 1  (wher e  

n 1 and n2 ar e p o s i t ive integer ) . 

The vel ocity d i s tribut ion , shown in F igures 1 1  and 1 2 , was meas-

ured at the axial p o s i t ion located as p r ac t ic al ly as p o s s ib l e  to close  

the manifold . This  p o s i t ion was at  Z = 2 inches ,  which corresponds 

to the f ourth acous t ic c avity of the porous main p ipe . Note that the 

t angen t ial velo c i ty d i s t r ibut ion is  more or  l e s s  l ike a f o rced vor t ex ; 

i t  is  mor e  s o  at the higher pres sure o f  Figure 1 2  than that o f  the 

l ower pres sure of F igure 1 1 .  

F igur e  1 4  shows the relat ionship b e tween the maximum value o f  

the radial d i s t r ibut ion o f  the t angent ial velocity , v , and the fun­
max 

dament al f requency o f  the f ir s t  t angent ial wave mode , f 1 1 ; the radial 

locat ions o f  v are shown in Figures 1 1  and 1 2 . The s o l id l ine o f  max 

F igure 1 4  shows the theoret ical c alculat ion from Ref . [1 ] ,  which is 

given by 

for  j m j 1 '  
v 

0 

2 Tir 
0 

( 2 3 )  

where v is  the t angen t i al velocity at the outer edge o f  the b oundary 
0 

l ayer on the wal l . The experimen t appear s  t o  show a good agr eement 

with theory [1 ] .  
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B. Change from a Forced Vor t ex 

to  a Rankine Vor t ex 

34 

It  was f ound that the vortex wh i s t l e  d is appears when the open­

ing at the end of the main p ip e  is part ially closed . At the s ame t ime , 

the f l ow is  f ound to  change from a forced vor t ex t o  a Rankine vor t ex . 

Figure 1 5  shows the to tal and s ta t ic pres sur e , tangent ial 

veloc ity , total  t emperatur e , entropy and f requency spectrum when the 

end of the main p ip e  is fully open . The tangen t ia l  velo c i ty , F igure 

1 5 (b) , is , as men t ioned , l ike a f orced vor t ex , except the region near 

the b oundary layer . F igure 1 5 ( d )  shows that the t o tal t emp erature 

near the pipe c enterline becomes cold , wh ile the one near the pipe 

periphery exceeds its inl et t emperatur e .  Th is is  precis ely the f igure 

showing the radial s eparat ion of total temperature or  the Ranque­

Hil sch ef f ec t . The cent erline t emperature , shown in thi s  f igur e , was 

measured by the centerline thermocoup le with radial survey probe with­

drawn . 

From the p o in t  o f  the thermal ener gy b alance , i t  is expected 

tha t the to tal t emperature defect relative to i t s  upc oming value mus t  

b e  accompanied by the excess  total temperature . Now it  may no t appear 

p o s s ible  that a relatively narrow area near the per iphery , correspond­

ing to  the exc e s s  t emperature , can balance with a s eemingly wider area 

near the centerline corresponding to  the t emp erature defec t . The 

b alance i s , however ,  achieved by the two reason s : ( 1 ) the larger 

radius near the per iphery serves to enlarge the annular area , and 

( 2 )  the ax ial velocity near the centerline has a reverse f l ow ,  as seen 
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f rom Figure 1 5 ( c ) ; this back flow will be discussed later in detail . 

The reverse f low near the c en t erl ine serves to reduce the mas s  f l ow 

carrying the lower thermal energy . Al so , F igure 1 5 ( e )  shows that the 

ent ropy ou t s ide of the b oundary layer is  more or  l e s s  uniform in the 

rad ial direc t ion ; this reconf irms that the f l ow external to  the 

boundary l ayer can indeed be approximated as the inviscid region . The 

aforement ioned p re s ence of pure tones or  vortex wh i s t l e , with the 

fundamental f requency and its higher harmonic s ,  is also  eas ily recog­

nizab l e  in F igure 1 5 ( f ) . 

Figure 1 6  shows the radial survey f o r  the exit plate  with an 

opening o f  0 . 4  inch in. d iameter;  corre sponding to this r educed exit 

area , the tangential veloc ity of Figure 1 6 (b)  is  observed to  change to 

a Rankine vortex . The t o tal t emp erature (F igure 1 6 ( d ) ) b ec ome s almo s t  

cons tant excep t in a core reg ion near the pipe c en t erl ine ; the f re­

quency spectrum of  Figure 1 6 ( f )  has  no distinctive peaks c o rre sponding 

to the vort ex whi s t l e . This does suppo rt our view that acous t i c  

s t reaming induc ed by the vortex wh istle int roduces t h e  t o tal t emp e ra­

ture separat ion . The increase o f  entropy near the c en terl ine , shown 

in F igure 1 6 ( e ) , is what is to be expec ted f rom the p resence of high 

shear c orresponding to  the large tangen t ial velocity near the core . 

The process  o f  a tran s i t ion from the fully open tub e to  the 

ab ove 0 . 4  inch opening is shown in F igures 17, 1 8  and 1 9 ;  they 

correspond t o  1 . 5 ,  1 . 2 5 and 1 . 0 inch o f  exi t  diame t er, re spectively . 

At d = 1 . 5  inches , the f o rced vortex no longer f il l s  up the en tire 

tube . The tangent ial vel o c i ty near the periphery become s f lattened , 

and the reg ion o f  a f o rced vo rtex b ecomes reduced . As compari son 
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with F igure 1 6 (b )  shows , this velocity p r o f il e  is , however ,  no t a 

Rankine vor t ex c o rresp onding to a smaller exi t  opening d iameter  o f  

0 . 4  inch , d i s cu s s ed before . In addit ion , t h e  t o tal t emperature d i s -

tribut ion s l ight ly changes from the one corresp onding t o  a forced 

vor t ex ,  but i t  i s  dif f er ent from the one corresp onding t o  a Rankine 

vor t ex . The f requ ency spectrum shows that the pure t one is  not as 

dominant as  the one without restric t ion at the ex i t . However , the 

peaks of the vort ex whi s t l e  s t il l  are visible in this cas e , as  shown 

in Figure 1 7 ( c ) . 

F igur es 2 0  and 2 1  show the radial survey f o r  the exit opening 

57 

d ia meter  of 0 . 8  and 0 . 6  inch , respec t ively , corresponding to a r educ ed 

exit area . From these , the gradual and cont inual process  resul t ing 

from the decrease of in ten s i ty in the vor t ex wh i s t l e  i s  c learly seen . 

The c ond i t ions corresponding to this exp eriment are summarized 

in Tab l e  1 ;  here Q .  and Q are calculated f rom the f o llowing equa tions : 
ln 

Q in c T* . G .  
p ln ln 

r 
Q 2 n  c J 0 r T* w dr 

p 0 

C .  E f f e c t  o f  S ound S uppress ion 

( 2 4 )  

One ob served in the previous sect ion that the tangen t ial veloc-

ity d i s tribut ion wa s a f orced vor t ex when the vo r t ex wh i s t l e  was pres-

en t ,  and a Rankine vor t ex when the audibl e  vor t ex wh i s t l e  was ab s ent . 

This sect ion describes  the e f f e c t  o f  suppr e s s ion o f  the vor t ex wh i s t l e . 
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Table  l 

Mas s Flow and Energy Flux 

d -r GH Q in 
-r 

QH p in Gin G Q 
Test  No . inch ps i lbm/sec lbm/ sec lbm/ sec  B tu/ sec B tu / sec B t u / s e c  

1 2 20 2 . 0  2 9 . 9 0 . l 0 3 S  . 09 9 6  . l OS l 1 3 . 0  1 2 . 6  1 3 . 2  

1 1 74 l . S  3 0 . 9 6 . 1 0 3 9  . 1 0 1 7  . l O S S  1 3 . 3  1 2 . 9  1 3 . 4  

1 1 S 7  l .  2 S  3 1 . 8 0 . 1 04 1 . 1 0 1 9  . l O S 3  1 3 . 2  1 2 . 8  1 3 . 2  

1 1 38  l . O 3 1 . 0 3 . 09 S S  . 09 4 1 . 09 6 8  1 1 . 7  1 1 . 4 1 1 . 8  

1 1 S l  0 . 8  3 S . 9 8 . 1 036  . 1 04 1  . l OSO  1 3 . 0  1 3 . 0  1 3 .  l 

l l S S  0 . 6  4 4 . 1 8 . 1 09 1 . 1 0 4 3  . 1 1 00 1 4 . 0  l 3  . 3  1 4 . 0  

1 1 7 2  0 . 4  6 0 . S 2  . 1 0 24 . 1 1 2 9 . 1 0 3 8  1 3 . 0  1 4 . 3  1 3 . 0  

-r Calculated f rom P >'< , P ,  T* and a. 

H Calcu l a t ed from d i f f erential equa t ion . 
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I t  was exp e c t ed that the a t tenuat ion o f  the vor t ex wh i s t l e  will reduce 

the to tal temperature s eparat ion and the swirl d i s t r ibut ion will revert 

to a Rankine vort ex.  

T o  suppr e s s  the vor tex wh istle , the p orous p ip e , ins talled with 

an acou s t ic chambe r  with acoustic cavity length e qual t o  1 3 / 8  inche s ,  

was used a s  a ma in tub e .  Figures 2 2  t o  2 4  show the radial d i s t r ibut ion 

of f low f ield j u s t  b ef or e  and j us t  af ter the sound supp r e s s ion , taken 

at three  d i f f erent axial p o s i t ions : Z = 2 inches , Z = 3 . 5  inches and 

Z = 5 . 4  inches .  

At Z = 2 inches , wh ich correspond s t o  the p o s i t ion o f  the f ourth 

cavity from the manifold--an axial p o s i t ion c l o s e s t  to the swirl 

genera t or-- the tangential velocity pro f il e  j u s t  before the sound sup ­

pres s ion ( F igur e  2 2 ( c )  corresponding t o  c ircles)  is  f ound t o  b e  a 

forced vor t ex , a s  expec ted ; this  separates the t o tal t emperature in 

the radial direc t ion (F igure 2 2 ( e ) ) .  The total temperature a t  the 

c enter l ine , which is  mea sured by the thermocouple ins e r t ed through 

the cold-end plug , ind icates ex tremely low value ( the dif f erence 

b e tween the c enterline and inlet  total t empera ture is  a s  low as -8 1 ° F) . 

Obviously , the vo r t ex whi s t l e  dominates the frequency spectrum , as 

shown in F igure 2 2 ( g) ; the fundamen tal 
.
frequency , f 1 1 , is  1 . 2 5 kHz , 

which , as men t ioned , corresponds to the lowe s t  f requency o f  the f ir s t  

tangent ial wave mod e ,  l m l = 1 .  The presence o f  i t s  higher harmon ic s ,  

correspond ing t o  n f 1 1 , where n = 1 ,  2 ,  . . .  , is  also  evid en t . 

Once the vor t ex wh is tle is suppressed , the prec ip i t ou s  fall  o f  

the sound level can be ob served in the f requency spectrum ( c ompare 

Figure 2 2 ( g )  and (h ) ) ; the sound changes from a shr ill whi s t le t o  a 
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muf fled hi s s . At the same t ime , the c enterline t o tal temperature , 

measured by the thermocouple inserted through the c o l d-end p lug , 

suddenly j ump s up . This amount o f  j ump , �T* , is  4 6 . 5 ° F ; the dif fer­

enc e  b e tween the c en t erl ine and inlet  total  t emp erature is  now 

reduce d  to - 3 4 . 5 ° F .  

The radial p r o f il e  o f  the t o tal temp erature ( tr iangles o f  

Figure 2 2 ( e ) ) , mea sured by t h e  radially in serted prob e , shows that 

there is  a c omp ensa t ing decrease o f  total t emperature b e tween around 

r = 0 . 5  inch and r = 0 . 8  inch and the p ipe per iphery temp erature 

remains the s ame . 

9 1  

In spite  o f  the ob served change in the t emperature s epara t ion , 

wh ich is t o  b e  exp e c ted , the tangent ial veloc ity prof ile does no t ,  

however , revert t o  a Rankine vor t ex , as tr iangle p o in t s  o f  Figure 2 2 (b ) 

show . This is  cont rary t o  all the expec tat ions , and the que s t ion is 

"what has happened-? " 

A clue t o  this can be obtained from the inspect ion o f  the ax ial 

vel o c i ty ( F igure 2 2 ( d ) ) . Even before the sound suppres s ion , the 

negat ive ax ial f low or  reverse f l ow ex i s t s  near the p ipe centerline . 

When the vor t ex whi s t l e  is suppres sed , this reverse  f low , how­

ever , increas e s  about f our t imes , as shown in Figure 2 2 ( d ) . This 

reverse f l ow or the entrainment o f  amb ient air wi thout any swir l  may 

annihilate the p o t en t ial regenerat ion o f  the higher tangent ial veloc­

ity near the c enter l ine ; i t  may thu s prevent the r evers ion t o  a Rankine 

vor t ex . As F igure 2 2 ( e ) shows , the tempera ture d i s t r ibut ion in radial 

direct ion af ter the s ound suppres sion is a l s o  d i f f erent f rom tha t of 

a Rankine vor t ex ; it is no t l ike the radial d i s t ribut ion charac ter ized 



9 2  

b y  the almo s t  uniform radial direct ion of  a Rankine vor t ex ob served in 

the previous IV-B . However , when the vortex whi s t le is suppressed , 

the total t emp erature a t  the centerl ine does j ump up . Then , a ques t ion 

might be raised whe ther the ob s erved tempera ture j ump , �T* , may be due 

to the entrainment of the warm amb ient air carried int o  the main p ip e  

b y  the r ever s e  f low . This was verif ied not to b e  so ; by directly heat­

ing the amb ient air near the main p ipe exit to the temperature of  300 ° F ,  

and ob se rving the centerl ine t emp erature and change o f  �T* a t  the sound 

suppres s ion ; the c en t e r l ine t empera ture is  found to be a f f ected by 

only 3 ° F .  

Thus the p r e s ence o f  the reverse f l ow does no t a f f ec t  our key 

point that the t emperature s eparation is caused by the vo r t ex whi s t l e . 

However ,  it  is  certainly nice if the increase o f  the r everse flow after 

the sound supp r e s s ion could somehow b e  prevented . In  s p i t e  o f  many 

a t t emp t s , none has been found to be suc c e s s ful in ach ieving this . 

Ano ther p o int wor thy o f  attent ion is tha t in the frequency 

spec t rum of  F igure 2 2 (h) af ter the sound suppr e s s ion , the emergence of 

wha t  is identif ied to be f
2 1  

frequency f rom the Lis saj ous f igure of 

Figur e  2 2 ( i) ; th is  and o ther poin t s  will be d iscu s s ed in more detail 

later in S ec t ion D .  

At the axial p o s i t ion o f  Z = 3 . 5  inche s ,  which corre sponds to 

the 1 2 th acou s t ic cavity , the veloc ity pro f il e s , a s  shown in Figure 

2 3 , are almo s t  the same as that of  the 4 th cavity p o s i t ion , exc ep t 

tha t the t angential veloc ity devreases s l igh t ly due to the viscous 

e f f ec t s . The to tal t emp era ture near the center l ine again j ump s at 



the sound suppr e s s ion , wh ile here near the p ipe periphery now clearly 

shows the temp erature drop s . 
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A t  the axial p o s i t ion of  Z = 5 . 4  inche s ,  wh ich corre sponds t o  

the 2 2nd acou s t ic c avity (F igure 24) , the tangent ial velocity befor e  

the s ound suppress ion r e sembles the f low distribut ion af ter t h e  s ound 

suppr e s s ion , rather than that of a forced vor t ex . The r eas on is that , 

s ince  this p o s i t ion is  only 0 . 1 inch up s tr eam of  the main p ipe exit , 

the rever s e  f l ow or the entrainment o f  the amb ient air wh ich does not 

p o s s e s s  swirl , c anno t a t tain suff ic ient amount o f  swirl f l ow and this 

e f f ec t  will b e  f e l t  mo s t  d irec t ly near the exit . The total temperature 

distributions also suf fer from the e f f ec t  of backf low , al though near 

the c enterline the tempera ture s t il l  inc reases after  the sound sup­

pre s s ion , wh ile near the p ipe per iphery it decrea s e s . The maj or data 

are tabulated in Table 2 .  

At the tuned cond it ion , a s tr iking tran s f orma t ion in f low takes 

place at the exhau s t . This change in f low can be ob served by placing 

a sma l l  rod with a tuf t attached to its  t ip . B e f ore the sound sup­

pre s s ion , the air from the main p ipe turn s around the c orner of the 

end plate sur f ac e , and f l ows along it . On the o ther hand , the region 

over the c enter is calm, but amb ient f low is found to penetrate into 

the ma in p ipe c enter ; this is the afor ement ioned reve r s e  f low region 

in the main p ipe near the c enterline , as shown in Figure 2 5 ( a ) . 

After the tuned condition , however , the region out s ide o f  the 

p ipe wal l  become s ,  all of a sudden , qu iescent , and the air f rom the 

ma in p ipe now gushes out along the centerline with small amount of 

swir l ,  as shown in Figure 2 5 (b ) , ( these observa t ions are c ons istent 



Tab l e  2 

Ma s s  Flow and Energy Flux 

Probe p in Gin 
t Gt t  Q in Q t Qtt G 

Test  No . Pos i t ion _es ia lbm/ sec lbm/ sec lbm/ s e c  B tu / sec B t u / sec B tu / sec 

9 2 4�' 4 4 6 . 1 3 . 1 8 1 7  . 1 8 1 4 . 1 8 4 1  2 2 . 1 2 2 . 1  2 2 . 4  

9 2 27' 1 2  4 6 . 09 . 1 8 2 5  . 1 5 2 3  . 1 8 50 2 2 . 2  1 8 . 9  2 2 . 9  

9 20* 2 2  4 6 . 0 9 . 1 8 2 4  . 1 4 1 0  . 1 7 5 0  2 2 . 2  1 7 . 3  2 1 . 5  

9 2 5*7' 4 4 6 . 9 2 . 1 888  . 1 8 8 2  . 1 9 2 2  2 2 . 9  2 3 . 1  2 3 . 5  

9 2 3** 1 2  4 6 . 9 2 . 1 888 . 1 7 0 1 . 1 9 1 2  2 2 . 9  2 0 . 9  2 3 . 4  

9 2 1 *�' 2 2  4 6 . 9 1  . 1 890  . 1 7 1 3 . 1 8 9 6  2 3 . 0  2 1 . 0  2 3 . 2  

t C al culated f rom P * '  P ,  T *  and a .  *Be fore s ound supp r e s s ion . 

tt Calculated from d i f f e rential equa t ion . **After s ound supp r e s s ion . 



( a )  befor e  sound suppre s s ion 
( ma inly rad ial flow) 

(b) after sound suppre s s ion 
(ma inly axial flow) 

Figu r e  2 5 . S c hemati c  flow pattern near exha u st . 

'i) 
U1 



with the one ob served in the small-scaled t e s t  rig by Chu [ 24 ] . Near 

the p ip e  periphery , the amb ient air canno t penet r a t e  int o  the main 

9 6  

p ip e . However ,  al though the air f rom the main p ipe gushes out , the 

rever s e  f l ow s t il l  exis t s  near the c enter l ine . This flow is  very vigor­

ous ;  for examp l e , when the d isk with the same s i z e  a s  that of the main 

p ipe d iame ter is p o s i t ioned at about one f oo t  down s tream f rom ma in p ipe 

exi t , the disk is  pulled toward up s t ream with s trong suc t ion . 

I t  was f ound that the flow pattern ou t s ide the main p ip e  and the 

manner and amount of sound suppress ion is extremely s en s i t ive to the 

conf igurat ion of the end plate . S everal k inds o f  the end plates  wer e  

examined . F igure 2 6  shows the plates and the ir f low pat t erns b e fore 

and af ter sound suppre s s ion ( in Figure (a)  to ( g ) , the f l ow pat tern 

shown above the p ip e  c en t er l ine corresponds to  the f low b e f ore the 

sound suppress ion ; the f low pat tern shown b elow the centerline 

corresponds to the f low af ter the sound suppress ion) . 

The plate  (a)  is  the original end pla t e , and almo s t  all  o f  the 

experimen t s  u s ed this ; the flow pat terns a s s o c ia t ed with this have 

been men t ioned b e f or e ,  in connec t ion with F igur e  2 5 . The p l a t e  ( f )  

has almo s t  th e s ame charac teristics o f  change in f low a s  plate  (a) . 

When the plates  (b ) , _  ( c ) , (d)  or (g)  are installed a s  the end p late , 

the t emp erature s eparat ion a f t er the sound suppre s sion is  c omp l etely 

diff erent from the one corresponding to the original plate , because 

the sound cann o t  b e  supp r e s s ed a s  suf f ic ien t ly as by the original 

pla t e . (Before the sound suppression for any end pla t e ,  the sound 

level of the vor t ex wh i s t l e  is virtually the same and the t o tal 

t emp erature separa t ion is also almo s t  the same . )  



.... 

( a ) o r i g inal 

( e ) 

( b )  ( c ) 

( f ) ( g ) 

( d ) 

F l ow shown in upper hal f 
above t h e  cent e r l ine o f  

each f igure corres ponds 
to the one before sound 

suppre s s ion ; f l ow shown 
in l ower h a l f  c o rrespon d s  
t o  the o n e  a f t e r  sound 

supp r e s s ion . 

D imen s io n s  o f  end p l a t e s  
a r e  sh own i n  F i gu r e  6 .  

F i gu r e  2 6 . E f f e c t  o f  end p l a t e s  upon f l ow p a t t ern . 
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The r o l e  o f  the end plate in the sound suppress ion and the sub­

s equen t  change in the f l ow pattern has no t been inve s t igated in detail , 

al though one c an speculate that it may b e  related t o  the C oanda e f f ec t . 

All  o f  the above data corresponds t o  the s ound suppr e s s ion for  

a porous p ipe without any restric tion p laced near i t s  exi t . When the 

ex i t  p la t e  with its opening d iame ter smaller than that of the main 

p ipe is p laced at the end of the porous p ipe , the sound suppress ion 

does no t suddenly take p lace at  a f ixed inl e t  pres sure anymore . 

Inst ead , the s ound level gradually decrea s e s  over a range o f  inl e t  

pressure . However , t h e  d a t a  taken for  a sma l l  exit area d o e s  show 

the virtual ab s ence o f  the rever s e  f low and revers ion t o  what resembles 

a Rankine vor t ex . 

F igure 2 7  shows the radial survey at  1 2 th c avity p o s i t ion with 

smaller exi t  area , the opening d iameter on the end plate  equal to one 

inch . S ince  the tuned cond i t ion is over a range o f  pres sure , the inlet  

pressure b e f ore the  s ound suppre s s ion is taken to b e  at  3 1 . 0 3 p s ia ,  and 

the inl e t  pres sure a f t e r  the sound suppress ion at 3 6 . 6 2 p s ia .  Before 

the sound suppre s s ion , the vo r t ex wh istle  is  very smal l ,  as shown in 

frequency spectrum ( F igure 2 7 ( d ) ) . The tangen t ia l  veloc ity distribu­

t ion , ind icated by c ircles  in F igure 2 7 (a) , there fore , is  not a forced 

vor t ex . After  the s ound suppression , the vor t ex wh i s t l e  d isappear s , 

Figure 2 7 ( e )  (but o ther peaks appear as in Figure 2 7 ) ; Wha t  is mo s t  

interes t ing here is  that , a f t er the sound suppr e s s ion , the t angen t ial 

veloc i ty , shown by triang les in Figure 2 7 (a) , is observed t o  become 

some thing l ike a Rankine vo r t ex . Before and a f t e r  the s ound suppres­

s ion , the ax ial ve l o c i t ie s  (F igure 2 7 (b) ) do not show any s igns of 
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rever s e  f l ow region near the c ent erline ; s l ight amount o f  the r ever s e  

flow exis t s , however , i n  a small area corresponding t o  the radial 

p o s i t ion of r = 0 . 6  inch . 

The total t emperature near the c ent erline , b ef o re the s ound 

suppress ion , is  equal t o  l 5 ° F  (T t - T .  = - 3 6 ° F ) , and the one a f t e r  ln 

the sound supp r e s s ion is 6 ° F  (T
t - T .  = -4 7 ° F) . The t o ta l  t emperature 

ln 

j ump , �T* , drop s 9 ° F ,  in s t ead of the usual increase ;  this drop due t o  

the s ound suppress ion is , however , reasonab l e ,  when o n e  takes into 

account the fac t that the inl e t  pressure rises  by 5 p s i  during the 

sound supp re s s ion . This dat a ,  which has no rever s e  f l ow near the 

c en t er l ine , indeed p o in t s  out the pos s ibil i ty that once the increase 

o f  the r ever s e  f l ow is  somehow prevented for  a p ipe without an end 

restric t ion , the s ound supp ression appears to make the tangent ial 

veloc i ty d i s t r ibut ion r evert to a Rankine vor t ex . 

D .  E f f e c t  o f  Backflow 

In the p revious section ,  it has been discussed tha t the e f f ec t  

o f  r ever s e  f l ow near the c en t er l ine migh t b e  preven t ing the reve r s ion 

to a Rankine vor t ex at  the t ime of sound suppr e s s ion . 

T o  con f i rm the inf luence o f  the rever se f low near the c ent er-

l ine , a secondary air was inj ec ted in to a pipe with an end p la t e  hav-

ing smaller opening ; i t s  direct ion wa s t oward the up s t ream and the 

inj e c t ion p ip e  of 3 / 8  inch was p laced near the exi t  of the main p ipe 

and along i t s  c enterline . The idea is t o  inve s t igate whether this 

art i f ic ially created backf low can al ter the p r o f il e  o f  a Rankine 
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vor t ex , wh ich , a s  ment ioned , can be realized by placing a n  e x i t  plate 

with sma l l er opening at  the exi t . 

F igur e  2 8  shows the radial survey corresp onding t o  0 . 8  inch exit 

opening diame t er , and the data were taken at  the 1 2 th acou s t ic c avity 

pos i t ion . As  s een b e f or e ,  without blowing ( c ir c l e s  in F igure 28 (a) ) 

the tangen t ial veloc ity pro f il e  is  a Rankine vor t ex , and i t  has no 

reverse f l ow region near the cent erline . The t o tal tempera ture prof ile 

( c ir c l e s  in F igure 2 8 ( c ) ) is  almo s t  cons tant , excep t the core region 

near c en t er l ine ; the peaks of vortex whi s t l e  are not  recogn i zab l e  in 

the frequency spectrum o f  F igur e  2 8 (e) . 

W i th the b lowing , from F igure 2 8 (a) , the t angen tial veloc ity 

profile is seen t o  change from a Rankine vor t ex to s omething s imilar to 

a forced vor t ex . At the s ame t ime , the axial vel o c ity near the c enter­

l ine decreases due t o  the inj e c t ion of a reverse  f low (Figure 2 8 (b ) ) ,  

as expe c t ed . Fur thermore ,  the t o tal temperature s tart s t o  show l inear 

d i s t r ibution in the radial d irec t ion (Figure 28 ( c ) ) , b ec ause the vor t ex 

wh i s t l e , small though i t  is , now emerges (F igure 28 ( f ) ) .  

Thus i t  seems almo s t  certain that for the ma in p ipe without an 

exi t  plate , the r evers ion to a Rankine vortex a f t er the sound suppres­

s ion is preven ted by the r ever s e  flow near the c en t er . To minimi ze 

the reverse f low , the test rig has to undergo maj o r  imp rovemen t .  

Figur e 2 9 , (a)  and ( b ) , shows two sugg e s t ed mod i f icat ions o f  

the t e s t  rig ; as shown in ( a )  the shape o f  the cold-end p lug may have 

to be changed in such a way as to accelerate the f l ow near the center­

line [ 3 5 ] , like a centerbody o f  the radial turb ine . The o ther (b)  is 

that the shap e near the exit reg ion may have t o  b e  changed considerably 
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with the provis ion o f  a part ial ly evacuated chamb e r  ins t alled a t  the 

exi t  of the ma in p ip e ; the evacua t ion will be achieved by conne c t ing 

i t  to an ej e c t o r . The s e  r evis ions are , however ,  b eyond the s c ope and 

hardware capab i l i t ies of the present inve s t igat ion s . 

E .  Inve s t igat ion on Tuning Frequency 

In the preceding work [ 3 ,  24 ] , it has been tacitly as sumed that 

the tuned frequency for a given acou s t ic c avity l ength corresponds to 

the fundamental f r equency of the vor t ex wh is t l e . This was done in 

spite  o f  the fac t t ha t , according t o  quarter wavel ength resonator  

theory , considerab l e  discrepancy wa s f ound t o  exis t .  

In the present thesis , this p o int was examined mo re carefully 

by creating a wh i t e  no ise and ident ifying the r e sonant tuned frequency . 

I t  was f ound that the supp ly o f  a white  noise c an b e  fac ilitated by 

ins t a l l ing a r ing with an opening of 0 . 3  inch d iameter  b e tween the 

swir l  generator  and the main p ip e . 

F igure 3 0  shows the f requency spec tra for  1 3 / 8  inches acous t ic 

cavity l en g th corre sponding to d i f f erent mas s  f l ow .  

Now i f  one a s sume s that the acou s t ic cavity a c t s  a s  a quar ter 

wavelength resona t o r , the tuned frequency , f , in the ab sence o f  the t 

grazin g  f l ow , is given by 

a / 4 £ , f 
tn 

( 2n - 1 )  f t 1  

where a is the speed o f  sound , £ , the cavity l ength , and n 

3 ,  . . . .  

( 2 5 )  

1 '  2 '  
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The f ir s t  d ip o f  F igure 30 indeed corresp onds t o  tuned frequency 

f
t 1 , the second to f t 2  with n 2 ,  the third to f

t 3  with n = 3 ,  and so 

forth . The tuned frequency f
t 1  

is seen t o  remain almo s t  the same 

r egardless  o f  the increase o f  the ma s s  flow .  Increa s ing the veloc i ty 

o f  the grazing f l ow ,  in general , is known t o  increase the acou s t ic 

r e s i s t ance o f  the cavity o r if ice [ 3 6 ,  3 7 , 3 8 ] , and decrease the 

resonant f requency [ 3 9 ] . When one ob serves carefully the sh i f t  in the 

p o s i t ion of the d ip , the eas ily ident i f iab le one b e ing f t 4  = 7 f t 1 ' it 

can b e  recognized that the tuned fr equency decreases a s  the mas s  f low 

is increa sed , but  the amount o f  such a decrease is ex t r emely small . 

Thus one can regard the resonant frequency as almo s t  independent o f  

the f low vel oc ity . Even a f t er the ring i s  r emoved , the tuned fre-

quency of the vor t ex wh i s t l e  is equal t o  these f and they ap pear t o  t n  

b e  in g o o d  agreement with a quar ter wavelength model . 

F igure 3 1  shows the measured tuned f requency o f  the vor t ex 

wh i s t l e  corresponding t o  the d i f f erent acou s t ic c avity length . The 

resul t s  show fundamental , f 1 1 , and s econd harmon ic s ,  2 f 1 1 , of the 

one obtained f rom the previous small t e s t  rig [ 3 ,  2 4 ] , with i t s  main 

p ip e  d iame t er equal t o  1 1 / 1 6 inch as wel l  as from the present one with 

2 inche s  diame t er . The s o l id l ine corresponds t o  the values c alculated 

according to the quar ter wavelength theory . From this i t  appears tha t , 

contrary t o  the previously held as sump t i-on , the second harmonic rather 

than the fundamen tal is  suppres sed for a g iven acou s t ic cavity l ength . 

Once the second harmonic is supp ressed , the third harmonic also dis-

appears becau s e  the lat ter is for the mo s t  part  generated by the 

interference b e tween the s econd and fundamen tal frequency . The sound 
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level o f  the fundamental f requency decreases also , as the result o f  

i t s  generat ion d u e  t o  the sub trac ting in terf erence between t h e  third 

and second harmonic s , f 1 1  = 3 f 1 1 - 2 f 1 1 . 

1 1 7 

I t  is  easy t o  understand why the second harmonic rather than 

fundamental  frequency c o rresponds to the tuned f requency o f  given 

acou s t i c  cavity l ength , b ecause the second harmonic approaches f t 1  o f  

Figure 3 0  b e f o r e  t h e  arrival o f  the fundamental frequency . However , 

it is  not  c l ear why the o ther higher harmonic s ,  for  ins tance , the 

third harmonics , when it hits f t2 --and this happ ens b e f o r e  the arrival 

o f  the second harmonic s--does not become supp r e s s ed . 

As j u s t  describ ed , af ter the sound suppress ion , the second 

harmonic s almo s t  comp l e t ely di sappear s ,  while the sound level o f  the 

fundamen tal f requency f 1 1  b ecome s reduc ed . lfhat is in tere s t ing is  

that a t  this  momen t a new p eak pops up , with i t s  frequency located 

somewhere b e tween the fundamen tal and second harmonic s ,  a s  p o in t ed 

out in connect ion with F igure 2 2 (h) . This frequency , f 2 1 , is f ound 

to b e  l m l = 2 ,  by examining a L is saj ous f igur e ,  shown as F igure 2 2 ( i ) , 

as ment ioned in S e c t ion IV-A . At present , exc ep t  for i t s  tangent ial 

wave numb er , the precise na ture of f 2 1 , wh ich is  incommensurate with 

f 1 1 , is unc l ear . I t  appears t o  b e  related to the s imilar incommensu­

rate frequency observed in the unst eady regime of Taylor vo r t ex f l ow 

[ 4 0 ] , a wave phenomenon s t il l  not wel l  under s t ood . 

F .  A Newly-Found Phenomenon 

lfhile we were conduct ing the se experiment s ,  we acc identally 

stumb l ed on a new phenomenon . lfhen the solid ma in p ipe with an exit 
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plate o f  0 . 3  inch diame ter was used as the t e s t  sect ion , then above a 

cert ain p r es sur e ,  the sp iky pure tones dif ferent f rom the vor t ex 

whi s t l e  emerged . As F igure 3 2 (a)  shows , the frequency o f  the s e  pure 

tones were almo s t  independent o f  the inlet  pres sure . S o  this canno t 

be the vor t ex wh is t l e , who s e  frequency increases as the inl e t  p r e s sure 

is raised . 

At the l ow inl e t  pressur e ,  the pure t on e  is not  present , and 

the t emperature of the main p ipe is almo s t  the same as that of the 

inl e t . As the inl e t  pressure is raised and a t  the moment when the 

pur e t ones  suddenly emerged , the temperature of the main p ip e  near 

the exit became warm ; it  b ecame h o t t er as the inl e t  pres sure was 

increased . The one near the inl e t  (Z = 2 inch e s , corresp onding to 

1 . 2  inches down s tream f rom main p ipe inl e t )  r emained almo s t  the s ame . 

Figure 3 2 (b )  shows these temperature data : one measured near 

the exi t  (Z = 4 . 1 inche s ,  corresponding t o  0 . 9  inch up s t r eam of the 

main p ipe exi t ) , and the o ther near the inl e t  (Z = 2 inche s ) . 

F igure 3 3  shows ano ther frequency spectra and temperature data 

corresponding to 0 . 8  inch exi t  opening diame t er . The frequency spectra 

are s l igh t ly d i f f er ent f rom the one with 0 . 3  inch exit d iame t er . 

I t  is  p o s s ib l e  t o  relate the se frequencies  t o  tha t o f  the 

cylindrical modes . S ince  the frequency is not s ignif ican tly a f f ec t ed 

by the pres sure of swir l , one may take a simp l i f ied s i tuat ion where 

the f low i s  ab s en t . The wave equat ion for the per turb ed ve loc ity 

poten t ial , � '  takes the f o l l owing form in cylindrical coordina t e ,  

+ l � 
r Cl r  

( 2 6 )  
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with the boundary condit ion , 

� 
a r  

0 at  r r . 
0 

( 2 7 )  

The s o lu t ion can b e  exp r e s s ed in terms o f  the B e s s e l  funct ion 

� t  
¢ = c e s in (m8 ) J 

m 
w (- r )  . 
a 

( 2 8 )  

The b oundary cond i t ion on the wal l  yields 

o .  ( 2 9 )  

F igur e  3 4  shows the various modes  o f  cylindrical waves .  B y  mak-

ing comparison with the f requency sp ec�ra , the f requency corre sponding 

t o  0 . 3  inch exit opening diame t er can b e  iden t if ied a s  that of f * 1 1 , 

and the one with 0 . 8  inch exit open ing diameter as f *
0 2 . 

This phenomenon occurring in the present t e s t  rig app ears to be 

very int e re s t ing . Th is does not happ en when the porous main p ipe is 

used , even when the l ength o f  the ac ous t ic cavi t ie s  are reduced to 

zero . 

This phenomenon is evidently indica t ive o f  a new type o f  

acou s t ic s t reaming and may b e  related t o  a Har tmann-Sprenger tube 

[ 1 4 ,  1 5 ,  4 1 ] . But the detailed inve s t igat ion o f  this is  the ou t s ide 

scope o f  the present s tudy and will b e  left to a fu ture inve s t igat ion . 
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CHAPTER V 

CONCLUS IONS 

The exp erimen t wa s conducted with the up scale vers ion of the 

vor t ex t e s t  rig . By measuring the radial profile  o f  f l ow f ield and 

the s ound s ignal , the f o l l owing resul t s  are obtaine d : 

1 . The Rankine vor t ex is found to exi s t  in the vor t ex tub e 

with the p orous main p ip e  when its  exit area is part ia l ly 

closed . The total t emperature in the radial direct ion 

is almo s t  the s ame exc ep t  in the core r egion near the 

c enterline , and in this case the vor t ex whis t l e  is no t 

observed . 

2 .  By gradually increasing the ex it area , the Rankine vortex 

changes t o  one resemb l ing a forced vor t ex . The vor t ex 

wh is t l e , though its  sound pres sure level is  low ,  b egins 

to emerge , and the t o tal temperature s eparates in the 

radial direc t ion . The transit ional exi t  area corre spond­

ing to a change from a Rankine vor t ex to one reminis c ent 

o f  a f orced vor tex is be tween 0 . 8  inch and 1 . 0  inch . 

3 .  The f orced vor t ex is c learly ob served in the fully open 

exi t  area , where the shr ill vor t ex wh is t l e  ex is t s ; the 

forced vor t ex oc cup ies the en t ire tub e , exc ep t f o r  the 

b oundary layer near the periphery wal l . Correspond ing 

to the pre sence of the vor t ex wh is tle , the t o tal t emp era­

ture s eparates in the rad ial d irect ion . 

1 2 5  



1 2 6  

4 .  When the sound is suppressed in the main p ipe with the fully 

op en exi t  area , the shrill vor t ex wh i s t l e  suddenly changes 

t o  a muf f led  h is s . At tha t momen t ,  the t o tal temp era ture 

s eparat ion become s reduced sub s tan t ially . The forced 

vor tex , however , does no t rever t  to a Rankine vor t ex . This 

appears to b e  due to the e f f e c t  of the entrainment o f  amb i­

en t air wi thout swirl into a core reg ion . Thi s  adverse 

e f f e c t  o f  the entrainment was conf irmed by inj e c t ing an 

ar t i f i c ial backf low into the Rankine vor t ex f l ow f ield and 

ob serving i t s  change int o  a f orced vor t ex typ e . 

5 .  The second harmonic o f  the vor t ex whi s tle , rather than the 

fundamental , appears to be suppre s sed with an acou s t ic 

cavity . 

6 .  When the solid ma in p ipe with par t ially closed  open area 

is used a s  the t e s t  s ec t ion , a new type of heat ing e f f ec t  

a s s o c ia t ed with gener ical ly d i f f erent pure t one wa s f ound . 

But details  o f  this new phenomenon are not clear a s  yet . 

7 .  I t  can b e  c oncluded that acou s t ic s t reaming is a maj or 

mechani sm of the tempera ture s eparat ion in a vor t ex tub e . 

The exp er imental data and the error e s t ima t ion o f  the s e  measure­

men t s  are shown in App end ices C and D ,  resp e c t ively . 
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APPENDIX A 

LIS SAJOUS FIGURE 

Consider a s i tuat ion where two microphone s ,  (X) and (Y) , are 

placed a t  the s ame axial and radial p o s i t ion near the exhaus t  of the 

main p ipe , but i t s  rela t ive p o s it ion in the c ircumferent ial e direc-

t ion i s  d i f f er en t . \�en (X) i s  placed at  8 = 0 and f il t e r s  only a 

s ignal with a frequency equal to w ,  i t s  output may b e  r epresen t ed , 

without l o s s  o f  general i ty , as 

x = co s  (wt) . (A- 1 )  

I f  (Y) i s  placed a t  e and f il t ers a s ignal with a f r equency equal t o  

nw , i t s  outpu t b ecome s 

y c o s  (nw t - l m l e - � )  (A- 2 )  

where m i s  wave numb er o f  fundamental frequency , n i s  a n  in teger deno t -

ing higher harmon ics  (n = 1 corresp onds to t h e  fundamental f requency , 

n = 2 t o  the second harmonics , and so forth) and � is the phase  lag 

between (X) and (Y) s ignal s . 

I f  (Y) microphone f ilters  also the fundamental frequency , then 

n = 1 and � 

one ob t a in s  

0 .  E l iminat ing t ime , t ,  from equat ions (A- 1 )  and (A-2 ) , 

2 2 
x - 2xy cos  C l m l e )  + y (A- 3 )  

Th i s  equat ion , in general , represen t s  an ellip s e  in x-y plane . 



In the special case , if  8 = 1 8 0 °  f or l m l 
l m l 2 ,  then l m l e = 1 8 0 °  and (A- 3 )  b ecome s 

X + y 0 .  

1 3 4  

1 or  8 

(A-4)  

Thi s  r epresen t s  a s traight l ine , inc l ined 4 5 °  and lying in the  second 

and f ourth quadrant of x-y plane . 

As ano ther special cas e ,  take 8 = 9 0 °  for  l m l 
for  l m l = 2 .  Then l m l e = 9 0 ° , and (A- 3 )  become s 

2 2 
X + y 

This r epresent s  a c ircle  in x-y p lane . 

l .  

1 or  8 

I f  (Y ) mic rophone f il t ers the second harmonic s , then n 2 .  

El iminat ing t ime , t ,  from equa t ions (A- 1 )  and (A- 2 ) , 

2 1 + c o s  C l m l 8 + � ) 

(A- 5 )  

(A-6)  

When m = 2 ,  8 = 9 0 ° ,  � = 9 0 ° , then l m l 8 + � = 9 0 ° ,  wh ich means two fre-

quencies are a t  right angl e to each o ther , equa t ion (A-6 ) b ecome s  

l .  (A- 7 )  

This repres en t s  a traj e c t ory shaped l ike oo ,  
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APPEND IX B 

EFFECT OF REVERSE FLOW 

One can show qui t e  g enerally that if there is a reverse f low , 

then even a f t er the sound suppres s ion , the tangent ial veloc ity d i s tr ibu-

t ion does not return t o  a Rankine vor t ex . 

Take an axisymme tric inviscid flow ,  f o r  an ideal case  where the 

vor t ex wh i s t l e  is c omp l e t ely suppre s s ed , the flow can be c ons idered to 

be s t eady . Assume also that the flow does not change in the axial 

direct ion . Then the f o llowing inviscid energy equa t ion 

DT _!_ Dp 
c p D t  p D t  

is r educed to 

dT _!_ dp 
c 

p dr p dr 

Fur thermore , f rom the rad ial equilibrium o f  mo t ion , 

2 v 
r 

From equat ions ( B - 2 )  and (B-3)  

_!_ dp 
p dr 

2 v 
r 

The t o tal t emperature , T* , is related t o  T by 

c T*  p 
1 2 2 2 cpT + 2 (u + v + w ) .  

( B - 1 )  

(B-2)  

(B-3)  

(B-4)  

(B-5)  
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When one negl e c t s  u ,  which is small compared \vith v and w ,  then dif-

ferentiat ion with respect  to  r yields 

dT* cp dr 

Sub s t itut ing equa t i on (B-4)  into equa t ion (B-6)  

dT* 
cp dr 

2 2 d 2 
_!____ _i_ ( �) + __yf_ 2 dr 2 dr 
r 

(B-6)  

(B-7)  

The t o ta l  t emperature in the ab s ence o f  the vor t ex wh i s t l e  should 

b e  constan t , so  that equat ion ( B - 7 )  b ecomes 

(B-8)  

S ince w f c on s tant in the radial direct ion , then 

( B- 9 )  

Thu s , the f l ow canno t form a f r e e  vor t ex even in the invis c id reg ion 

out s ide o f  the c o re . 

Thu s , when there is a reverse f low reg ion , the f low c anno t 

rever t  to  a Rankine vor t ex even af ter the sound supp r e s s ion . 



1 3 7  

APPENDIX C 

EXPERIMENTAL DATA 

A comp l e t e  l is t ing of the experimen tal resu l t s  o f  this inves t i-

gat ion is a t t ached in this appendix . 

Note  

Patm:  A tmo spheric pres sure 

P inlet :  Inlet  pressure (p* . ) 
ln 

T inl et : Inl e t  t o tal t emp erature (T* . ) 
ln 

G in :  Mas s  f low through orifice 

E in : Energy f lux through orifice 

R/Rw :  ( = r )  

THETA = a. + 1 8 0 °  

DELTA THETA : Ab s o lute  angle t o  comp ensate the relative 

angle THETA 
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Table 3 

Data for this Exp eriment 

Te3l N O .  9 2 8'  H • 2  H N • I 7  P a t. ,. • l .C . S J p s i a P l n l e t • C 6 . 8' '  p s  l a T l n l e t • 4 7 . B  d c g . F 

C f n • S' . l B Z A  l b m / ! e c:  G o u t • 8' . 1 4 1 1J l � m i !! '!I C  G P o u t •S . l Z J 6  l b m / :� e c G O o u t • S' .  1 7 5 8  l b m / 5 e c  
E t n •  B' . Z Z Z E • .ff� B t u h u s c E o u t •  ll .  I 7 3 E • 1! 2  8 >;. u / s e c  O P OIJ t .  0 . 1 S Z E • Z 2 B t u / :� e c  E O ou t •  l! . 2 1 5 E • Il' 2  B t u / s e c  

O S •  ll .  I li 2 E  - ll'  I B t u / R . s e c  O S P  • 0 .  I I  JE - ll l  B t u / R , s e c  O S O •  0 . 1 3 3 E - 0 1  B t u / R  . .s e c  
D E L TA T H E TA •  8 . 9 D E G 

BA S E D  O N  P T P S  A N D  T H E TA 
R / R 'W  P t p ,  Vt v. O T t  D T s T t  T s  T H E TA O S  G ( p :� q t n )  

p s t � p s t a f t / s e c  f t / s e c  d e g  d o g  df!g d e g  d e g  B t u / l b mR l b m / s e c  

0 .  9 9 2  1 7 .  8 9  I 5 .  8 9  3 8  I .  2 4 9 . I I  . 0  - 6 . 2  5 7 . 0 3 9 . 8  2 3 6 . 9  " . ll 6 9 6 ll .  I 4 8 I 6 

8 . % 9 1 8 . 0 9 1 G . ll 5 3 9 1 . 2 3 6 . 1 li . S  - 7 . 3 S G . S  3 9 . 2  2 J a . 9 ll' . ll' 6 8 6  J . l < 2 2 ll  
ll . 9 4 5 1 7 . 9 7 I 5 .  9 6  3 9 3 . 2 2 8 .  9 . 3  - 8 . 2  5 5 . 5  3 8 . 3 2 3 9 . 9  3 . 11 6 8 6  ll .  1 3 6  9 3  
f1 . 9 Z t  I 7 .  8 I 1 5 . 8 8 3 9 3 . Z I .a .  5 . 5  - I I .  I! 5 I . 5 3 5  . ll  2 .. t . 9 l! . 0 6 7 3  8 .  1 2 6 1  2 
8 .  9 JJ 2  1 7 .  5 9  1 5 .  9 3 3 6 5 . I 9 5 . • . 0  - 1 8 .  2 5l! . l?  3 5 . 8 2 4 I .  9 0 . 11 6 7 5 ll .  I I  7 4 2  
8 . 8 8 2 1 7 .  ( J  I 5 .  9.B 3 5 1 . I 8 7 .  2 . 5  - 1 8 . 7  4 8 . 5  3 5 . 3 24 I .  9 8 . 3 6 7 4  8 .  1 1 2 1 a 
8 .  8 4 3 1 6 .  8 9  1 5 . 5 8 3 3 2 .  1 7 0 . - I  . 5 - I  3 .  8 • • .  5 3 3 . 1!  2 4 2 . 9  8 . .9 6 7 6  8 .  I Jlll 5 3  
z .  7 6 4  1 6 . 9 3  I S .  1 8 2 9 4 . I 2 5 .  - 6 . 5  - 1 5 . 3  3 9 . 5 3 1  . 9  2 4 6 . 9 8 . 8 6 8 9 0 .  rJ7 ? 2 2  
z . G a 5  1 5 .  2 7 I 4 .  6 5  2 S 8 . 8 7 . - I I .  I! - 1 6 . 8 3 5 . 8'  2 9 . 2 2 S rJ . 9  8 . .B 7 lll! J . l! 4 8 6 3 

li . G ll' G  1 C  7 3  1 4 .  3 5 2.i! J . s s .  - 1 C ll  - I  7 .  7 32 - "  2 8 . 3 2 �  4 .  9 ll . l! 7 1. J  8 . 0' 3 2 2 1 
8 . 5 2 6 1 • .  2 5  I < .  I 0 1 3 C 5 .  - 1  s .  a - I  r; .  5 3 1 . a  2 9 . 5  2 6 7 . 9  3 . 0 7 2 8  Z . R A' � 0 6  

.9 . ..  ' 9  I 4 .  l J 1 4  .8' I 7 ll .  - 9 6 . - I  5 .  5 - 1 6 .  7 3 li . S  2 9 . 3  3 2 3 . 9 9 . 8 7 3 1  -iJ . P. S l S.t3 
fJ .  3 7 ll  1 < - 1 3  I 3 .  9 8  • 9 .  - 1 2  7 .  - 1 6 .  ll - I  7 .  5 3 ll . 8  2 8 . 5  3 3 8 . 9 ll . 0 7 2 9 - ll .  0 6 8 2 '  

8 . 2 9 1 "1 4 . f rl  I 3 .  9 4 H .  - I  I 8 .  - 1 6 .  5 - 1 7 . 8  2 9 . 5 2 8 . 2 3 3 8 . 9  8 . 8 7 2 9  - 0 . 0 6 3 4 1 

ll' .  2 I 3 I 4 . ll'7 I 3 .  9 3 4 7 . - 1 2 2 .  - I  7 .  ll' - I  8 .  4 2 9 . 0  2 7 .  6 3 3 8 . 9 8 . 0 7 2 7  - S . Z 6 5 2 8  

8 .  1 J .( 1 4 .  8' 1  I 3 .  8 8  4 5 .  - I I  7 .  - 1 7 . 8  - I  8 .  3 2 9 . 0  2 7 .  7 3 3 8 . 9  e . .0' 7 J u  - 3 . 0 6 2 � 6  

e . l! S S  l <I  . .S l  1 3 . 8 9 4 3 .  - I l l .  - 1  7 .  e - I  8 .  2 2 9 . 0 2 7 . 8 3 3 8 . 9 8 . a 7 3 1l - 8 . 0 5 9 5 2  

BA S E D  O N  O P / D R  P S  A N D  T H E TA 

R / R 'W  P t  P •  V t  v. O T t  O T s T t T s  T H E TA O S  (i; ( p s q l n )  
p s I a P ' l a  f t / s e c  f t / s e c  d e g  d e g  d o g  d e g  d e �  B t u / l b mR l b m / s c c  

B .  9 6 9  I r; .  � 5  1 6 . 05 a .  e .  1 8' .  e l ll . S 5 6 . 5  5 6 . 5  2 3 8 . 9  9 . Jl" 7 6 8  9 . eeega 

8 . 9 4 5 I 0 .  3 6  1 5 . 9 6 4 2 7 . 2 4 7 , 9 . 1!  - I I .  2 5 5 . 5  3 5 . 3 2 3 9 . 9  8 . 9 6 7 \ s .  l l 9 J. J.  

9 . 9 2 1 1 6 .  zr; I 5 .  8 8  I 7 8 .  9 5 . s .  5 2 .  I 5 1  . 5 4 8 . 1 2 4 I .  9 0 .  a n 6  B . E! S S 5 9  

8 . 13 8' 2  I 5 .  9 3  I 5 .  9 3  lJ .  e .  c a  4 . 8  s e . a  5 8" . 0  2 J. I . 9 e . 1! 7 4 3  s . 8e9aa 
2 . 8 & 2  1 9 . 5 7 1 5 . 98 5 2 3 .  2 7 9 .  2 .  5 - 2 G . 6 4 8 . 5 1 9 .  2 2 4 I .  9 8 . 8 5 9 5  8 . 1 7 3 7 2  
9" .  B O  1 9 . 5 8  1 5 . 5 8 5 4 6 . 2 8 0 .  - I .  5 - 3 2 . 9  J. <I . S  1 3  . . I 2 4 2 . 9 9 . .3 5 7 8 a . 1 7 2 6 3  
0 .  7 6 .  1 7 . 9 2 I 5 .  I 9 4 9 2 .  2 1 .1! . - 6 . 5  - 3.8 . 4 3 9 . 5  I 5 .  6 2 .1 6 . 9  3 . 9 6 1 2 0 . 1 2 5 0 5  

0 .  6 8 5 1 6 .  5 6  I < .  6 5  4 2 7 . I t 9 .  - I I .  0 - 2 8 . 9 3 5 . 0 1 8 . 9 2 5 8 . 9 e . 8 6 4 4  .a . 8 8 S o s  
8 .  6ll6 1 5 . 5 2 1 4 . 3 5 3 5 0 .  9 4 .  - 1 4 . 8'  - 2 A . 9  3 2 . 8  2 1 . I 2 S .t . 9  a .  a r;  7 4  8 . 9 S 2 7 6  
8 . 5 2 8 1 4 . 6  7 1 l .  I .S  2 5 8 .  9 .  - 1 5 . 9 - 2 0 . 6  3 1  . 9  2 5 . 4  2 6 7 . 9 8 . 07"08 ll . 2'f' S 1 6  
8 . 4 4 9  1 4 . 5 3  1 4 . 1! I 1 4 5 .  - I  9 8 .  - I  5 .  5 - 2 8 . 5  3 0 . 5  2 5 . 5  3 2 3 . 9  ll' . B 7 1 2  - a .  1 .0 7 1 4  

8 .  3 79 1 4 . 6 7 I 3 .  9 8  1 9 2 . - 2 6 5 .  - 1 6 . 8  - 2 2 . 7  39 . 1! 2 3 . 3 3 3 8 . 9  9 . 9 7 ll 3  - 8' . 1 A 3 9 2  

8 . 2 9 1 1 4 .  2 8  1 3 .  9 4 7 2 . - I  8 7 . - 1 6 . 5 - 1 9 . 8  2 9 . 5  2 6 . 2 3 3 8 . 9 e . D 7 1 9  - 9 . 1 1!0 4 4  
0 . 2 1 3 1 < - 2 3 I 3 .  9 3  6 8 .  - I  7 6 .  - 1 7 . 9 - 2 9 . 8' 2 9 . 8  2 6  . ll  3 3 8 . 9  0 . 1! 7 1 9 - 9 . 9 9 4 7 0  

9 . 1 H  1 4  . 8'0 1 3 . 8 8 0 .  - 1 1 2 . - 1 7 . 8 - 1 8 . 2 2 9 .  8' 2 7 . 8 3 3 8 . 9  9 . 8 7 3 0  - i1  . .8 5 9 S 9  

B A S E D  ON O I F E R N T J A L  E Q UA T I O N 

R / R w  P t  P s  V•  v. O T t O T s  Tt T s  T H E TA O S  G ( p , q l n )  
p s i a P 'l l a  f t. l , e c  f t / , e c  d e g  d e g  d e g  d o g  d eg B t u / l b m R  l b m / :s e c  

ll .  9 9 2  1 7 . 8 9  I 5 .  4 1  4 2 7 . 2 7 8 . I I  . 0  - 1 0 . 6 5 7 . 0  3 5  . .4 2 3 6 . 9  0 . 9 6 9 5 9 . 1 6 2 3 6 

8 .  9 6 9 1 8 . 9 9 1 5 . 3 2 4 68' .  2 7 7 . 1 8' . 9  - I  4 . ll  5 6 . 5 3 2 . 5 2 3 8 . 9  0 . 9 6 8 6 l L  1 6 1 6 7 
9 . 9 4 5  1 7 .  9 7 I 5 .  2 3 • 6 3 .  2 6 9  . 9 . 0  - 1 4 .  9 5 5 . 5  3 1  . 6 2 3 9 . 9  iJ . .J 6 9 6  9 . 1 5 5 9 3 
8 .  9 2 I 1 7 .  8 1  I 5 .  I 3 l 6 7 .  2 4 9 .  5 . 5  - I  7 .  8 5 I . 5 2 8 . 2 2 .  I .  9 9 . .0 6 7 3  9 .  1 4 4 9 2  

8 . 9 02 1 7 . 5 9 1 5 . 0 4  4 5 7 .  2 " "  4 . 8 - I  8 .  3 5 0 . 0  2 7 .  7 2 4  I . 9 l! . ll 6 7 5  8 .  1 4 1 .0 4  
9 . 8 8 2 1 7 . J. 3 I 4 .  9 6  • 5 1  . 2 4 1 . 2 . 5  - 1 9 .  2 4 8 . 5  2 6 . 8 2 .c 1 .  9 a . ll 6 7 4  a .  1 3 8 1 0  

9 . 8 0 1 6 . 8 9 " . a  1 4 2 1 . :! 1 6 .  - 1 . 5  - 2 0 . 2  4 4 .  5 2 5 . 8  2 4 2 . 9  8' . t1 6 7 6  l! . 1 2 n 1  

8 .  7 6 4 1 6 . 0 3  I ' - 5 3  3 7 5 .  1 6 ll .  - 6 . 5  - 2 9 . 4 3 9 . 5  � s . r;  2 4 6 . 9  9 . 9 6 8 8  e . JJ S 9 7 9  

9 . 6 8 5  1 5 . 2 7 1 4 . 30 3 1 4 .  l ll 9 . - I I  . 8 - 2 9 . 2 3 5 . 0  2 5 . 6  2 5 1! . 9  fiJ . B H JH J . 96llrJ4 
9 . 6 !!"6 1 .. . i 3  I 4 .  1 3  2 5 6 .  6 9 . - 1 4 . 0  - 1 9 . 8  3 2 . 0 2 6 . 2  2 5  4 .  9 8 . 1) 7 1 9  9 . ll 3 7 5 8  

8 . 5 2 8 I 4 .  2 5  1 4 .  H Z  1 6 7 . 6 .  - I S . a  - I  7 .  3 3 1 . a 2 8 . 7 ? 6 7 . 9  0 . 9 7 2 9 e . ell 3 2 9  
a .  J. A 9 1 4 .  I 3 1 3 . 9 7 8 3 . - I  1 3 .  - 1  s .  5 - I  7 .  I 3 .8 .  5 2 8 . 9  3 2 3 . 9  0 . 0 7 3 1 -a . a 6 V 8  
8 .  3 7 0 l A .  1 3  1 3 .  9 5  5 3 .  - 1 3 7 .  - I G . B  - I  7 .  8 3 0 . 9 2 8 . 2  3 3 8 . 9  0 . l! 7 2 9 - J . Z 7 3 3 3  

fl . 2 9 1  I A . Z7 I 3 .  9 4 4 5 . - I  1 6 .  - 1 6 .  5 - I  7 .  8 2 9 . 5 2 8 . 2 3 3 8 . 9 8 . E' 7 2 �  - 9 . 0 6 2 2 2 

8 . 2 1 3  I 4 . .11 7 I 3 .  9 3 4 7 .  - I  2 1 .  - I  7 .  8 - I  8 .  4 2 9 .  B' 2 7 . 5  3 3 8 . 9  8 . iJ 7 2 7 - 9 . 8' 6 J B I 

a .  1 3 4  l A  . .8' 1  I 3 .  9 2  3 8 . - 9 9 . - 1 1 .  a - I  7 .  9 2 9 . 0  2 8 . I 3 3 8 . 9  B' . S 7 3S - ll . 9 5 3 1J 8  
8" . 0 5 5  I 4 .  0 1 1 3 . 8 9 0 .  - I  I I .  - I  7 . 8 - I S .  z 2 9 . >l 2 7 . 8  3 3 8 . 9 e . a 7 3 a - J . 0 5 9 5 2  



Table  3 (Continued) 

T e s t  N O .  9 2 1  N • Z  N H • 1 7  P a t m • 1 4 . 5 3 ps l a P l n l et • 4 6 . 9 1  p 3 f a  T t n 1 e t • .4 6 . Z  d eg . F 

G l n • l! . 1 8 9 J!  l bm / 5 e c  G o u t  • IJ .  I 7 1 3 l b m / � e c  G P ou t • S . l 8 6 3  1 bm / 5 e c C O o u t • S' . 1 8 9 6  l b l'n / 5 e c  
E t n • 8 . 2 3 J! E •J!2 B t. u / , e c E o u t •  8' . Z ! 8 E • .tf 2  B •_ u / , e c  

BAS E D  O N  
R / R w  

.0 . 9 9 2  
J! .  9 & 9  
lJ . 9 . 5  

a . n 1 
8 . 9 Z �  

lJ . 8 8 2  
J! . B O  
a .  7 6 "  

J! . & 8 5 
lJ .  & 0 &  
8 . 5 2 8  

9 . l .t 9  
l! . 3 7 Jif 
8 .  29 I 
8 .  2 I 3 
e .  1 J "  

9 . 9 5 5  

BA S E D  O N  
R / R w 

J! .  9 6 9  
8 . 9 4 5 

8. 9 2 1  

SJ .  '3EJZ 
9 . 8 8 2 
S . 8 .t 3  
a .  7 6 '  

ll . 6 8 5  
l! . 6lJ6 
8 . 5 2 8  

s .  ' .. 9 
S . J 7J! 
9 . 2 9 1 
S'. 2 1 3  
8 . 1 3 < 

BAS E D  
R / R<w 

S'. 9 9 2  
lJ .  9 6 9  
8 . 9 4 5  

9' . '3 2 1  

l! . 9l!2 

8 .  8 8 2  
J! .  8 4 3  
8 .  7 6 4  
9 . 6 8 5  

8 .  &.0'6 
0 . 5 2 8 
9 . 4 4 9 

9 . 3 7 8 
9 . 2 9 1  
8 . 2 1 3  

B .  I 3 4 
8 . 8 5 5  

ON 

O S •  g .  1 1 6 E - lf 1  B t. u / R . s e c  
D E L TA T H E TA .. 2 .  1 O E G  

? T  P S  AN D T H C TA 
P t  P s  V t  v .  O T t  

p :s 1 a P' I a f t / 'S e c  f t / 5 e c  d e g  

1 8 .  1 7 1 5 . 7 7 3 7 8 .  3 1  & . 3 . .a 
1 8 .  " 9  1 5 .  4 5  < 3 7 . J .UJ .  ' .  8 

1 8 . • 9 1 5 .  • s  4 4 8 .  3 2 5 . 3 . lJ  

1 8 . 3 9 I 5 .  3 7 4 4 7 .  3 2  .. .  I . 5 

1 8 .  \ 5 1 5 . 3 7 0 & . J .IH . g. 5 
1 7 . 9 5 1 5 .  ' 6  " 1  e .  2 8  I .  - z . 5  

1 7 . 0  I S .  3 4  4 9'8 . 2 3 9 . - 3 .  g 
1 & . 2 3 I 4 .  8 S 3 4 9 .  I & 9 .  - 8 . 0  
I S .  2 3 I 4 .  J S  3 D  I .  9 7 .  - 1 z .  5 
1 4 . 4 7  1 '  . .06 n .a .  1 9 .  - I S .  5 

1 L I 3 1 J .  9 3 I 3 9 .  - 7 1 .  - 1 6 .  5 
1 < . 1 3  1 3 . 9 8 9 1  . - I l l .  - I  & . 5 
1 4 . 1 13  1 3 . 9 2 5 5 .  - 1 7 2 .  - I  5 .  5 
1 • . 2 3 1 3 .  9 &  5 6 . - I  7 3 .  - I L  5 
I o& .  2 '3 1 3 .  9 5 2 8 . - 28 I . - I  J . lJ  

1 4 .  3 I I 3 .  9 5  2 9 . - 2ll8 . - 1 2  . lJ  

1 4 .  2 9  1 3 . 9 ll - 8 .  - 2  I & • - I I .  a 

OP / D R  P S  A N D  T H E TA 
P t  P s  V t  v. O T t 

P• I a p '  t a f t / s �c f t / -,e c  d e g  

2 1  . 5 1  1 5 .  4 5 5 8 7 . l 5 7 . 4 . 8 
1 6 .  7 '  1 5 .  ' 5  3 8 1 . 2 1 8 . 3 . a  
I & . 7 2 1 5 . 3 7  3 8 8 . 2 2 3 . 1 . 5 
1 5 . 3 7 I 5 .  3 7 8 .  a .  9 . 5  
I 5 .  7 8 I 5 .  ' 6  1 5 7 .  l l! 5 .  - lJ . 5  
1 8 . 4 9 1 5 . 3 4 <I 9 I . 2 8 8 .  - 3 . lJ  
1 8 . 92 1 ' .  8 5  5 1 9 .  2 4 8 .  - 8 . 8 
1 6 .  3 5  I ' .  3 5  4 4 3 .  1 0 .  - 1 2 .  5 

1 ' .  9.0 1 4 . 9 &  3 I ll' .  2 7 . - 1 5 . 5  
1 4 . 2 7 I 3 .  9 3 1 8.0' . - 9 2 .  - 1 6 .  5 

1 3 . 9 '  1 3 . 9 8 3 8 .  - 5 8 .  - I  & . 5 

1 3 .  9 2  I 3 .  9 2  g ,  B .  - 1 5 . 5  
1 ·3 . 9 6  I 3 . 9 6 J! .  B .  - 1 ' .  5 

1 4 .  2 6  1 3 . 9 5 2 7 .  - 1 9 3 .  - 1 3 . 8  
1 ' .  9 3  1 3 .  9 5 . . . - 3 3 5 .  - 1 2 . 8  

0 1 F E R NT I A L  EOUA T 1 ON 
P t  P s  Vt Va O T t  

p s t a  p s t a  f t / s � c  f t / s e c  deg 

1 8 .  1 7 I S .  < I  HJ7 . H ll .  3 . 8 

I S . O  1 5 .  3 3 " 4  6 .  3 < 7 . • .  s 
1 8 .  • 9  I 5 .  2 3 • & s . 3 3  7 .  3 . 9 

1 8 .  3 9 I S .  I 3 4 6 6 . 3 3 7 . I .  5 
1 8 .  1 5 1 5 . 8 5 • & 2 . 3 2 2 . 8 -� 
1 7 . 9 5 1 4 .  9 &  ' 6  l . 3 l l! .  -.a . 5 
1 7 . 0  I 4 .  7 9  • 5 2 . 2 7 I . - 3 .  a 

1 6 .  2 3  1 ' .  4 7  3 9 5 .  1 9 2 .  - S . lJ  

1 5 . 2 3 I ' .  2 2  3 2 3 .  U J 4 , - 1 2 .  5 
1 4 . 4 7 1 4  . .0 6 2 2 8 .  1 9 .  - 1 5 . 5  
1 < . 1 3 1 3 . 9 8 1 2 0 .  - 5 1 .  - 1 6 . 5  
1 < . 1 3 1 3 . 9 5 s a .  - I  2 3 . - 1 6 . 5 
1 4 .  1 9  1 3 .  9 '  5 ' . - I  6 6 .  - I  5 .  5 

I 4 .  2 3 1 3 .  9 2  5 9 . - I  8 3 .  - 1 4 .  5 

I ' .  2 9  I 3 .  9 1  2 9 . - 2 1 1 . - 1 3 . 8  
1 4 . 3  I I 3 .  9 1  3.0 . - 2 1 6 .  - 1 2 . a 
I 4 .  2 9  1 3 . 9.0 - 8 .  - 2 1 & . - 1 1  . l!  

O P o u t •  i L 2 2 & E • ff 2  Z t u / 5 e C E L> o u t •  8 . 2 3 2 E • lJ 2  B t u /  ::s e c  
O S P •  g .  1 & 1 E - ll' 1  B t. u / R . -s e c  O S O •  lJ . 1 3 6 E - lJ 1  B t u / R . , e c  

O T s  Tt T •  TH E TA O S  G ( p � q l n )  
d e g  F d e g  d e g  d eg B t u / l b mR I b m /  s e c  

- 1  7 .  2 4 9 . 8  2 8 . 8  2 3 ll' .  1 lJ . J! 5 & 4  if .  1 9  I S' S 
- 2 1 .  5 58 . 8 2 < . 5 2 3 2 . I J! . lJ 6 5 7  J! .  2 .0 3 < 9  
- 2 2 . 5  .t 9 . W n . 5  2 3 4 . 1 lJ . J! 6 5 2  a .  1 9 .(  , g  

- 2 3 . 9 4 7 .  s 2 2 .  I 2 3 4 . I 8 . .8 6 4 9  a .  1 9 3 5  • 
- 2  3 .  I 4 6 .  s 2 2 . 9  2 J S .  I l! . ll' & 5 3  lJ .  1 8 :  S J!  

- 2  I .  6 • s . 5 2 < . 4  2 3 6 .  I 8 . lJ 6 5 6 lJ .  1 6 8 I 8 
-2 I .  1 l J . B  2 4 . 9  2 3 9 .  1 g . B & & •  B' .  I J. I 8 7 
- 2 lJ . 5  J B . ll'  2 5 . 5 2 4 ' .  I lJ . J! & 8 9 0 . Z <3 7 IT 1  
- 2 lJ . 8  3 3 . 5  2 5 . 2  2 5 2 . I J! . ll' 7 1 1  a .  z 5 3 9 B  
- I  9 .  6 3 a .  5 2 & . 4 2 6 5 . I lJ . .0 7 3 2  9 . 8 1 8 1 9 
- I  8 .  5 7 9 . 5 2 7 . 5  2 9  7 .  I 9 . 8 7 4 3 - a . e 3 S 2 2  

- I  8 .  9 2 9 . 5  2 7 .  I 3 2 7 .  I lJ . l! 7 0  - o . e 7 5 • 6  
- I  8 .  2 � S . B . 2 7 .  3 H 2 . 1 8 . 9 7 0 - 3 . 3 9 2 0 5  
- I  7 .  3 3 1 . a 2 8 . 2 J ' 2 . I 0 . 0 7 < 6 - ll' . 2 9 2 9 3  
- 1 6 . "  3 3 . ll  2 9 . 6 J 5 2 . I 0 . 9 7 5 2 - S . I ll' 7 6 l!  
- I  5 .  7 3 A . if  3 1J . 3 J 5 2 . I 8 . 9 7 5 6 - 8 .  I I 0 5 8  
- 1 < . 9 3 < . 8  3 lJ .  1 3 6 2 . I 9 . 9 7 5 7  - .e . 1 1 4. 7 "  

o r .  T t  h T H E TA O S G ( p s q t n )  
d o g  d eg deg d e g  8 t u / l b 111 R. l b m / s e c  

- 4 2  . .a S S . lJ  • . .a 2 3 2 .  I S . l! 5 5 3  8 . 2 9 5 1 3 

- 8 . 5  • 9 . ll  3 7 . 5  2 3 4 . I 8 . 8 7 2 1  9 . 1 2 6 9 3  

- I  J! .  6 < 7 .  5 35 . •  2 3 < . 1  9 . 8 7 1 5 9 . 1 2 9 9 3 
l! . S A 6 . 5  4 6 . 5 2 3 5 .  I 8 . 8 7 & 8 a . ea g � a  

- 3 .  5 4 5 . 5  • 2 . 5 2 J & . I lJ .  C H S  s . a 6 S 7 3  
- 2 9 .  I A 3 . B 1 6 .  9 � 3 9 . I a . a 6 2 •  a .  1 ;  3 "  7 

- 3 .( , 8  3 8  . l!  I I '. 2 Z l 4 .  I 8 . 9 & 1 8  i L  1 4 6 2 7  
- 3 0 . 5  3 3 . 5 1 5 .  5 25 2 .  I 8 . 9 6 6 3 S . 9 a c a a  
- 2 3 . &  3 8' . 5 2 2  • •  2 & 5 .  I 8 . 8 7 1 2 S' .  lJ I " S JJ  

- I  9 .  9 2 9 . 5  2 6 . I 2 9 7 .  I S' . S' 7 J 6  - .a' . B' 4 '3 5 0  
- 1 6 .  9 2 9 . 5  2 9 .  1 32 7 .  I 8 . 3 7 5 3  - a  . .B J ! a 7 
- 1 5 . 5  3 8 . 8  3 lJ . 8  3 4 2 . I 8' . 2 7 5 6 a . s;;aa0 

- 1 4 .  5 3 I . lJ  3 1  . s  3 • 2 . 1 a . S 7 5 9 s . esaa8 
- 1 6 .  1 3 3 . 9  2 9 . 9  J 5 2 . I 8 . 8 7 5 ' - 8 . 1 .0 2  7 8  
- 2 1  . 5 3 4 . .0 2 4 .  5 3 5 2 . I 8 . 8 7 2 7  - l! . 1 8 l! 8 6  

O T s  T t  T s  T H E TA O S  G ( p sq t n )  
d e g  d e g  d e g  d e g  S t u / l b mR l bm / s c c  

- 2 .0 . 5 4 9 . 8  2 5 . 5 2 3 .0 .  1 l! . S 6 & '  8 . 2 9 2 5 1  

- 2 2 . 7 S ll' . J!  2 3 . 3 2 3 2 . I S . l! 6 5 7  8 . 2 £ 6 5 7  
- 2 < .  s 4 9 . 9'  2 I .  5 2 3 ' .  1 S . B 6 5 2  a .  1 S 9 6 :?  
- 2 & . 9 4 7 . 5  2 8 . 8  2 3 .t .  I s . s 6 • 9  lJ .  1 9 9 2 8  
- 2 & . lJ  • & . 5  2 lJ . 8  2 3 5 .  I 8 . 3 5 5 3  J! .  I 8 9  4 9  

- 2 6 . 2  4 5 . 5  1 9 .  8 2 3 6 . I l! . B 6 5 &  s .  1 a l lJll' 
-2 & . I 4 3 . 8  1 9 . 9  2 3 9 .  I 9 . 8 6 6 4  9 . 1 5 6 � 7  
- 2 ' .  I 3 8 . lJ 2 1  . 9 2 "  J. .  1 l! . S 5 8 9  iJ .  ! lJ S lJ S  

- 2 2 .  I 3 3 . 5  2 3 . 9 zs 2 .  1 8 . .0 7 1 1 a . a5 7 SJ 
- 1 9 .  6 3 8 . 5  2 6 . 4 26 5 .  l lJ . 9 7 3 2  a . z 1 a z 2 

- I S  . .B' 2 9 . 5  2 8 . l! 2 9 7 . I 8 . a 7 4 3  - lJ .  0 3 2 %  

- 1  8 .  3 2 9 . 5 2 7 . 7  3 2 7 . t l! . ll' 7 0  - $ . 2" 6 6 2 1  

- 1 8 . 8  3 8 . 8  2 7 . 5  3 4 2 .  I 8 .  lJ 7 4 3  - .0' . C" a 9 t 4  
- I  7 .  6 � I  . lJ  2 7 . 9  3 4  2 .  I g , J! 7 4 6  - 9 . 0 9 7 7 3  
- I  6 .  8 3 3 . lJ  2 9 . 2  3 5 2 . 1 0 . 0 7 5 2 - B .  I I 2' 6 
- 1 6 . 9 3 4 . a  3 .B' . J! 3 5 2 . I S . .fJ 7 5 6  - 8 .  I 1 6  2 1 
- 1 4 .  9 3 4  . a  3.0 .  I 3 6 2 . I 8 . 8 7 5 7 - 9 . 1 1 4 7 4  

1 3 9  



1 4 0  

Tab l e  3 (Continued) 

T e � t  H O .  9 2 2  H • 2  N N • 1 7  � a tm • 1 4 . 5 3  P ' 1 a  P l n 1 et • 4 6 . Jl9 p s I a  T l n 1 e t • 4 6 . 5  d e g . F 

G l n • l:J . l 8 2 5  l b m / :� e �  G o u t • H . 1 5 2 3  l b m / 5 e c  G P o u t  • B . 1 79'3 l b m / s e c  G O o u t • 8 . t 8 5 .9  l bm / s e c  
E l n •  ll . 2 2 2 E • ll 2  S t u / s e c E o u t •  ll .  1 8 9 £ • 0 2  B t. u / s e c  Q P o u t •  11 . 2 l i! E • ll 2  B t u / s e c  E O o u t •  .S . 2 2 9 E • 9' 2  B t u / s e c  

O S •  ll . 9 9 7 E - e" 2  B t. u / R . �H!I C  D S P • jj .  1 3 2 £  - Il l  B t u / R . s e c  O S O • II .  1 2 8 £ - ll l  B t u / R . s e c  
D E L TA T H E TA •  1 • •  O E G  

BAS E D  O N  P T  P S  A N D  T H E TA 
R / k w  P t P •  V t  V a  O T t  o r .  n r .  TH E TA O S G { p ., q l n )  

p s  I a  p s t a f t / :� e c f t / s e c  deg d e g  F d e g  d e g  d e g  B t u / l bmR l b m / s e c  

II .  9 9 2  2 ll . 1 3 1 7 . 7 3 4 3 2 .  1 8 9 .  1 4 . 11 - 4 . 5  6 ll . ll  4 1 .  5 2 4 6 . 4  ll . ll 6 3 \  ll .  1 2 5 3 6  
lJ .  9 6 9  2 I1 . 2 7  1 7 .  7 5  4 3 1 . 2 1 6 .  1 3 . 5  - 5 . 8 5 9 . 5  .c n . z  2 "  3 . "  ll . 0 6 2 4 ll .  I 4 3  7 2  
e .  9 < >  2 9 . 2 9 1 7 .  7B 4 3 7 .  2 1 9 .  1 2 . 9  - 7 . 9 5 a . e  3 8 .  1 2 4 3 . 4  ll . ll 6 1 6  8 .  I 4 5 7 8  
e .  9 2 1  2 0 . l l  1 7 . 6 ll " ' " · l 8 5 .  I B . B  - 9 .  3 5 6 . ll  3 6 . 7  2 4 7 . 4  0 . 0 6 1 3  ll .  I 2 3 0 5  

ll . 9 ll 2  1 9 . 9 3 1 7 .  5 2  4 3 7 . I 8 2 .  8 . 5 - I ll .  I 5 4 . 5 3 5 . 9 2 4 7 .  4 ll . ll 6 1 2  e .  1 2 ll 5 1  

9 . 8 8 2  1 9 .  6 5 1 7 . 3 2 4 3 7 . I 6 4 .  6 .  9" - 1 2 .  I 5 2 .  9" 3 3 . 9  2 4 9 . 4 9" . B 6 1 ll  9" .  l ll B 1 2  
.9 . 8 4 3  I 9 .  1 9 I 7 .  HB .. 3 � .  I t 6 .  3 . ll  - 1 4 .  3 4 9 . ll  3 I . 7 25 I . 4 ll . B 6 ! 3  a . .S 9 4 4 3  

0 .  7 6 4 1 B . ll 7  1 6 .  3 5  3 9 8 .  1 1 1 .  _ ,  . 8  - I  8 .  2 4 2  . .S 2 7 . 8 2 5 ' . 4 0 . 0 6 2 1 ll . 9 6 9 9 1 

ll .  6 R S  1 7 . ll 5 1 5 . 6 6 3 7 2 .  l B .  - l ll . ll  - 2  1 . 9 3 6 . ll 2 4 .  I 2 5 9 . '  e . e 6 3 2  ll . l H 2 3 1 

e . 6 D 6  1 6 .  1 3  1 5 . 0 2  J '  J .  4 0 .  - 1 5 . 11 -2 4 .  9 3 1  . ll  2 1 . 1 2 6 3 . 4 ll . % 4 5 a . ff ( J J Z  
ll . 5 2 8  1 5 .  3 I 1 4 . 4 .( 3 1 2 .  - 7 .  - 2 ll .  e - 2  8 .  I 2 6 . ll 1 7 .  9 2 7 1 . ' ll . ll 6 5 6  - 8 . 0 !!< 2 4  

S . l 4 9  1 4 . 6 5 I 3 .  9 5  2 8 2 . - 3 1 .  - 2  • .  9 - J D' . 7  2 2 . ll  I 5 .  3 2 7 6 . '  ll . 9 6 6 7  - a  . ll \ 7 3 2 
9 . 3 7 9  1"4 .  1 3 1 3 .  5 7  2 5 2 .  - 5  I . - 2 8 . 9  - J J . S  ! B . ll  i z .  5 2 8 1  . A ll . ll 6 7 2  - 0 . 0 2 7 3 4  
9 .  2 9 I 1 3 .  7 5 l 3 .  2 7 2 2 4 .  - s a . - 3 3 . 1l  - 3 7 . 8 1 3 .  a 8 . 2  2 9 l .  4 8 . 1! 6 6 5  - fJ . iH G O Z  
ll .  2 I 3 1 3 .  < 7  I 3 .  0 6  w e . - 8 2 . - 3 9  . .9 - 4 3 . 2 7 . a  2 .  8 2 9 1  . ' 8 . 3 6 4 9  - 9 . C 4 3 1 J  
II .  I 3 4 I 3 .  2 3 1 2 . a e 1 9 2 .  - 7  5 .  - 4 5 . 9  - 4 8 . 5 1 . 11 - 2 . 5  2 9 1 . '  ll . ll 6 3 0  -8 . � 3 9 6 5  
ll . ll 5 5 1 2 .  9 5  1 2 .  6 9  1 5 5 .  - 9 4 . - ,( 8 , 9'  - 5 11 . 7  - 2 . 8 - 4 . 7  J S'  1 • .( 8 . ll 6 2 9 -2' . .9 .4 9 2 5  

BA S E D  ON O P / O R  P S  A N D  T H E T A  
A. / R w  P t  P •  V t  V a  O T t  O T s  T t  T s  T H E TA O S G ( p s q i n )  

p s  1 a p s t a f t / s e c  f t / s ec deg deg F des d eg d e g  B t u / l bmR l bm / s e c  

ll .  9 6 9  1 9 .  I 7 1 7 .  7 5 1 8 I . 9 1 . I 3 .  5 I ll . ! 5 9 . 5  S G .  I 2 "  3 . .( 8 . ll 6 9 9  8 . 8 5 8 4 7 

.9' . 9 4 5 1 9 .  6 7 1 7 . 7 l! 3 8 4 . 1 9 3 . 1 2  . ll  - 3 .  4 5 8 . ll  4 2 . 6  ? 4 3 , ,(  8 . 0 6 3 8 9' . 1 2 7 2 6  

8 .  9 2 1  1 9 .  9 3 1 7 . 6 11 • 2 9 . 1 7 9 .  1 9'  . .9 - 9 . lJ  5 6 . lJ 3 9 . ll  2 • 7 . 4  0 . o 6 1 9  a .  1 1 a s s  

II .  9 ll 2  2 1  . 5 6  I 7 .  5 2  5 5 lJ .  2 2 9 .  8 . 5  - 2  I . I 5 .. . 5 2 4 . 9  2 4 7 . 4 Z . .B S 5 9  a .  t s s , z 
ll . 9 9 2  2 2 . 1 5 1 7 . 3 2  6 ll 4 . 2 2 7 .  6 . 8  - 2 8 . 7  5 2 . ll  I 7 .  � 2 .4 9 . -t  ll . ll 5 2 9  a .  t s " 7 "  
8' . 8 4 3 2 1  . 2 I 1 7 . £! fJ  5 811 .  1 9 5 . 3 . 11  - 2 8 . 2 4 9 . 8  1 7 .  8 2 5  1 . ' 9' . 8 5 4 .(  ll .  I J ll 3 8  

lJ .  7 6 4 2 a .  1 3  1 6 .  3 5  5 6 9 . ! 5 9 . - " . a  - 3 3 . 8  4 2 . ll  I 3 . Jl"  2 5 4 . A 8 . 9" 5 4 7 e .  l ll 2 9 9  
Jil . 6 8 5 1 8 . 8 5 I 5 .  6 6 5 4 5 . l ll2 .  - 1 11 . 0 . - 3 5 . 6  3 6 . 11  L S  . .4 2 5 9 . 4 11 . 9" 5 6 3  a . e o J S J  

8 .  6 Z 6  1 7 .  5 5  1 5 . fJ 2 5 8 3 . 5 8 . - 1 5 . 8 - 3 6 . 3  3 1 . ll  9 . 7 2 6 3 . "  8 . e s e � ll . ll 3 5 ll 2  
8 .  5 2 8  I 6 .  3 I I 4 .  4 4 .. " 6 .  - I  1 . - Z ll . a - 3 6 . 6  2 6 . 8 9 . '  2 7 1 . 4 8 . .0' 6 1 3  - a . r. rro t a  

8 . 4 4 9  1 5 . 2 5 1 J .  9 5  3 7 8 . - 4 2 .  - 2  • .  e - 3 6 . £1 2 2 . 8  l ll . ll  2 7 6 . 4  8 . .13 6 4 8  -JJ . 8 2 3 5 1  
e . 3 7 ll 1 4 . 4 3  1 3 .  5 7  3 8 9 . - 6 2 . - 2 8 . lJ  - 3 6 . 3  1 8 . 11 9 . 7  2 8 1  . " 8 . 1l 6 5 7  - ll . ll 3 3 7 ll 

ll . 2 9 1  1 3 . 9 2 1 3 . 2 7  2 4 8 . - 9 4 .  - 3 3 . 8' - 3 8 . 5  1 3 . ll  7 .  5 2 9 1  . ' ll . ll 6 6 2  - 11 . 8 4 9 9 1 
II .  2 I 3 1 3 . 3 6 1 3 . 3 6 1 7 8 .  - 7 8 . - 3 9 . 11  - 4  2 .  I 7 . ll  3 . 9  2 9 1  . ' 8 . ll 6 5 4 - ll . ll 3 G B 6  

e .  1 3  4 1 3  . 11 7 1 2 .  e a 1 3 9 .  - 5 4 . - 4 5 . 11 - 4 6 . 9 1 . 11  - 8 . 9 2 9 ! .  4 ll . ll 6 3 9  - 8 . ll 2 S 6 3  

BAS E D  ON O ! F E R NT ! A L  E Q UA T I O N  
i\ / R w  P t  P s  V t  V a  O T t  or. T t T• T H E TA O S  G ( p s q l n )  

p s  1 a p s t a f t / s e c  f t / se c d .. g d e g  d eg deg deg B t u / l b m R  l bm / s e c  

ll . 9 9 2  2 ll .  1 3  1 6 .  8 2  5 1 2 .  2 2 4 .  1 4  . ll  - 1 2 . ll  6 1l . ll  3 4 . ll 2 4 6  . .& lJ . Il 6 3 1 .B' . 1 4 3 8 4.  
15 . 9 6 9  2 11 . 2 7 ! 6 . 7 1l 5 I 9 .  Z 6 H .  1 3 .  5 - I ' .  5 5 9 .  5 3 I .  5 2 4 3 .  4 ll . ll 6 2 4 H . l 6 5 6 3  

ll . 9 4 5  2 11 . 2 9  1 6 .  5 6  5 3 1l . 2 6 6 . 1 2 . 9" - I  7 .  2 5 9 . ll  2 8 . 8  2 4 3 . A  ll . ll 6 1 6  ll .  I 6 8 6 6  

8 . 9 2 1  2 o .  1 1 1 6 .  4 2 5 4 5 . 2 2  7 .  l ll . ll  - 1 9 .  I 5 6 . 1!  2 6 . 9 2 4 7 . 4  ll . ll 6 1 3  g .  1 4 3 7 4 
ll .  9 1! 2  1 9 . 9 3  1 6 .  2 9  5 4 3 . 2 2 6 . 8 . 5  - 2 8 . 3 5 ' . 5 2 5 . 7  2 .4 7 . 4 ll . ll 6 1 2  0 . 1 4 2 3 4  

ll . R 8 2 1 9 .  6 5 1 5 .  1 6  5 4  I .  2 1l 4 .  6 . ll  - 2 1 . 9 5 2  . Jl"  2 4 . 2  2 4 9 . 4  ll . ll 6 1 8  8 .  1 2 7 4  I 
8 .  8 4 3  1 9 .  1 9 I 5 .  9 I 5 3 5 .  1 811 . 3 . B  - 2 3 . 5  4 9 . 9' 2 2 . 4  2 5  1 . 4 ll . 8 6 ! 3  ll .  1 1  ! 5 6  

II .  7 6 4 1 8 . ll 7 1 5 .  4 I 4 9 9 .  1 4 3' .  - 4 . 0  - 2 6 . 4  4 2 . lJ 1 9 .  6 25 4 .  4 e . a 6 2 !  ll . 0 8 41l7 
ll . 6 8 5  1 7 . 3 5 I 4 .  9 4 4 6 2 . 8 7 .  - l ll . ll  - 2 8 . 4 3 6 . ll I 7 .  6 2 5 9 . 4 ll . l1 6 3 2  11 . 8 5 11 8 1 

lJ . 6 ll 6  1 6 .  1 3  1 4 . 5 2 4 1 6 . 4 8 .  - 1 5 . ll - 2 9 . 6 3 1  . ll  1 6 . 4 2 6  3 . •  11 . 8 6 4 5  0 . 13' � 7 5 9  

8 . 5 2 8 1 5 .  3 1  1 4 ,  I 4 3 6 2 . - 9 .  - 2 lJ . 8 - 3 1l . 9 c 6 . a- I 5 .  I 2 7 ! .  4 a . .a 6 5 6  - 8 . 11 11 4 8 5 

.9 . 4 4 9 I 4 .  6 5  1 3 . 8 3 3 ll 6 . - 3 4 .  - 2  4 . II  - 3 1  . 9 Z 2 . 8  1 4 .  1 2 7 6 . 4  8 . 1l 6 6 7  -ll . ll \ 8 6 8  
e . 3 7 ll 1 4 . 1 3  1 3 .  5 8 2 5 1  . - s e .  - z a . 0  - 3 3 . 5 1 a .  e 1 2 .  5 2 6  1 .  4 8 . 8 6 7 2  - J . ll n : s  

0 . 2 9 1 1 3 .  7 5 1 3 . 3 7 1 9 8 .  - 7 8 .  - 3 3 . 8 - 3 6 . 8 I 3 . ll  9 . 2  2 9 1 . 4  0 . £J 6 6 5  - a .  t u  1 4 6 

ll . 2 1 3 I J . ..t 7 I J . Z il 1 7H . - 6 6 .  - 3 9 . ll  - � I  . 8 7 . 8 4 . 2  2 9  I .  4 .0 . .0 6 4 9 - 2 . 8 3 5 3 6  

a .  1 3 4 I 3 .  2 3  1 3  . .0 8  ! 5 7 .  - 6 1 . - 4 5 . ll - 4  7 .  4 1 . 1! - 1 . 4  2 9  I .  4 8 . 3 6 3 J - ll . IJ 3 2 5 6  

0 . 8 5 5  1 2 .  9 5  1 2 .  6 9 1 5 5 . - 9 4 .  - 4 8 . 11 - s a . 7 - 2 . 8  - 4 . 7  39 1 - '  s . .a & 2 9  - 1! . 0 4 9 2 5  



Table 3 ( Con t inued) 

T e t1 t  N O .  9 2 3  H • 2 � H · 1 7  P a t m • l .t . 5 3 p � h P t n l e t • .(t) . 9 2 p 3 l a  T l n l e t • .t S . S  deg , F 

C l n •S . 1 8 8 8  l bm / � � c  G o u t •O' .  1 7 .0' 1  1 bl:"' / 5 e C  C P o u t  • B . 1 5 9 9  1 b :"n / 5 e C G O o u t. • .9' . 1 9 1 2  l b m/ s e c  
E l n •  S . 2 2 9 E • S 2  a t u / s e c  E o u t •  9 . 2 9 9 E • a 2 B t u /  .s e c  O P o u t •  9 . 1 9 5 E • a 2  

O S •  9 . 1 9 8 E - 9 1  B t. u / R . s e c  O S P •  9 . 1 3 8 E - a l  
D E L TA T H E TA •  8 .  8 O E G  

B A S E D  O N  P T  P S A N D  T H E T A  

R / R ._.  P t  P > V t  v .  O T t  o r .  Tt 
p s i a p s I  a f t. / se c  f t / s e c  deg d e g  F d e g  

9 . 9 9 2 1 9 . 3 7 1 5 . 0  4 5 3 . 2 S 9 . 4 .  s - 1 9 .  4 s s . s  
8' . 9 6 9  I 9 .  G S 1 5 . 4 9 4 8 5 . 2 7  I . 3 . 8  - 2 2 . 7  4 9  . .9' 
8 . 9 4 5  1 9 .  G 7 I G . 3 8 4 8 7 .  2 7 3 . 2 .  5 -2 3 .  4 4 8 . 5 
9 . 9 2 1 1 9 .  s 7 I G .  J Z  4 8 5 .  2 7 I . I .  S - 2 4 . 2  4 7 . 9'  
8 . 9 8 2  1 9 . 0  I G .  2 <  4 9 3 .  2 S 4 . 1 . 8 - H . G  4 G . S 
8 . a 8 2  1 9 . 2 9 I G .  I I 4 9 1  . 2 S 3 . a . a  - 2 S . <  4 s .  s 
a . h o  1 a .  a J I 5 .  7 .4  5 S  I .  n s . - 2 . 8  - 2  7 .  1 < J .  s 
8. 7 6 <  I 7 .  6 1  I 5 .  5 2  < 3 5 .  I 5 2 .  - 6 . 5  - 2 4 . 2  3 9 .  B' 
9 . 6 B S  1 6 .  3 7 I 4 .  9 7 3 7 6 .  9 S . - I I .  8 - 2 3 . 5  3 < . 5 
8 .  G JI G  1 5 . 2 5 I 4 , J 4 3 I 9 .  2 • .  - 1 6 . 9 - Z < .  s 2 9 .  5 
9 . 5 2 a I 4 .  4 S I 3 .  9 3  2 4 5 . - 2 5 .  - 2 9 . 5 - 2 5 . 5  2 5 . 9 
8 .  4 4 9  I 3 .  9 9  I 3 .  6 8  I 7 3 .  - 9 4 . - 2 4 . 9  - 2  7 .  I 2 1  . s 
8 .  3 7 8  1 3 .  6 3  I 3 .  5 5  I 1 S .  - I  4 I .  - 2  s .  s -2 a .  3 2 8 . 8 
8 .  2 9 I 1 3 .  8 J I 3 .  S <  6 2 .  - I  7 8 .  - 2 5 . 8  - 1 8 . 8  2 8 . 5 
8 .  2 I 3 1 J .  a 1 1 3 .  5 5  < 9 .  - 1 9 2 .  - 2  ' - 9 - 2 7 . 3  2 1  . 5 
9 . !  ) .4  I 3 .  9 5  : 3 .  5 9  3 3 .  - 2 9 6 . - 2 3 . 9 - 2 G . G  2 2 . 5 
B . 8S S  1 3 .  9 9  1 3 . 68 - 3 .  - 2 1 8 .  - 2  I . 9 - 2 S . 8  2 4 . 5  

BAS E D  0 �  O P / OR P S  A N D  T H E TA 
R / R 'W' P t.  p ,  V t  V a  O Tt o r .  Tt 

p5 I a p 5 t e. f t / s e c:  f t / s e c  deg d e g  F d eg 

$ . 9 6 9  I 7 .  1 2  1 6  . .& 9  2 3 8 .  1 3 3 .  3 .  B - 3 . 2  ' 9  . .a 
8 . S A S  1 7 .  & S  1 6 . 3 8 2 8 8 . I 6 I . 2 . 5 - 6 . 6  4 8 . 5  
a .  9 2 1 1 8 . A .9'  1 6 .  J 2 3 9 5 . 2 2 1  . I .  S - I s .  6 4 7 . 9' 
8 . 9 H Z  1 9 . 59 1 6 .  2 4  4 % .  2 5 5 . 1 .  a - 2 4 . 9  4 6  . s  
a . 8 6 2  2 1 .  2 9  1 6 .  I I 5 86 . 3 1 2 . .8 . 9  - 3 8 . 7 4 5 . 5  
H .  E A 3  I 8 .  3 8 I S .  7 <  4 6  7 .  2 I l L  - 2 . 8  - 2 3 . 8 4 3 .  s 
a .  7 6 • 1 7 .  7 3  1 5 . 5 2 " 6 .  I S 5 .  - 6 . 5  - 2 s . 1 3 9 . a  
8 . 6 B S  I 7 .  8 8  1 4 . 9 7 S 2 6 . 1 3 3 . - I I  . 8. - '3 5 . 5  3 < . s 
8 .  6 8 6  1 6 . 4 5 1 4 .  J <  ' 7  .. .  3 5 .  - 1 5 . 8  - 3 .C . 8  2 9 . 5  
11 . 5 2 8  I S .  lJ 9  1 3 .  9 3  3 0 8 .  - 3 6 .  - 1 a . s  - 3 1 . •  2 5 . 8 
8 .  4 4 9  I 4 .  3 6  1 3 .  6 8  2 5 3 . - 1 2 2 .  - 2 4 . 8  - 3 1! . 6  2 1  . s 
1! . 3 71! 1 3 . 9 9 I 3 .  5 6  I 4 3 .  - I  7 6 .  - 2 5 . 5  - 2 9 . 8  2 8 . 8  
a . 2 9 1 1 3 .  6 3  1 3 . 5 < 3 S . - I ll I .  - 2 S . 8  - 2 5 . 9 28 . S  
1! . 2 1 3  I J . S S 1 3 . 5 5 8 .  ll .  - z • .  8 - z •  . s  2 I . 5 
a .  1 3  • 1 3 . 5 9 1 3 . 5 9 s .  .B .  - 2 3 . 8  - 2 3  . a  2 2 . 5  

B A S E D  O N  D I F E R N T I A L  E Q UA T I O N 
R / R w  P t  P s  V t  v .  O T t  O T s  T t  

p s t a  p s t a  f t / s e c  f t / s e c  d eg d e g  d e g  

a . 9 9 2  1 9 .  3 7  I 6 .  2 2 4 8 9' . 2 5 9 . ' .  8 - 1 1 .  2 5 8 . 8  
8 .  9 6 9  1 9 . 6 S I 6 .  I I S D 7 . 2 8 4 .  3 .  8 -2 S .  I • 9 . 9 
8 . 9 4 5 1 9 .  6 7 I S . 9 a  S I B . 2 9 a . 2 .  s -2 G .  8 4 8 . 5 

8 . 9 2 1  1 9 . 5 7 I S . a s S 2 1 . 2 9 1 . I . S - 2 8 . 2  4 7  . l!  
ll .  982 1 9 .  < 7  l 5 .  7 3  5 3 3 .  2 7 4 . I .  8 - 2 9 . 8  4 6 . 5  

8 . 8 8 2  1 9 . 2 9  I S .  6 1  5 3 1  . 2 7 3 . l! . 9  - 2 9 . 7 4 5 . 5  

a .  P O  I 8 .  8 3 I S .  3 7 S 3 3 . 2 4 9 . - 2 . a  - 3 8  . ..  .£ 3 . 5  
9 . 7 6 4 1 7 .  6 1  I 4 .  8 8  S 9 2 . I 7 5 .  - 6 . 5  - 3 a . 8  3 9 . S  
z .  6 8 5  1 6 .  3 7 1 4 .  ' "  " 4  4 .  I 1 3 .  - I I .  9 - 2 8 . 5  3 4 . 5  

a .  696 I S . 2 S : 4 .  0' 8  3 6 3 . 2 7 . - 1 6 . 8 - 2 7 .  I 2 9 . 5 
8 . 5 2 8 I 4 .  4 S I 3 .  S 4 2 6 7 . - 2 7 . - 2 8 .  S - 2 6 . 5  2 5 . 8  
.0 . 4 4 9 1 3 . 9 9 1 3 . 7 a  1 6  7 .  - B I . - 2 4 . 8  - 2 6 . 9  2 1 . 5 
8 .  3 H J  1 3 .  6 3 I 3 .  G S 9 5 . - !  I 6 .  - 2 S . S  - 2 7 . 4  : a . 8  
8 . 2 9 1 1 3 . 8 3 I 3 .  6 2  5 2 .  - 1 5 .8 .  - 2 S . 3 -2 7 .  I 2 8 . S  
lJ . 2 1 3  1 3 . 8  7 1 3 .  6 1  " .  - I  7 2 .  - 2 4 . 9 - 2 5 . 5 2 1 . 5  
a .  1 3 4 1 3 .  9 5  1 3 . 6 a 3 3 . - 28 3 . - 2 3 . 8 - 2 6 . 5 2 2 . 5 
8 . lJ S 5  1 3 . 9 9 1 3 . G 8 - 3 .  - 2 1 8 .  - 2  I .  9 - z s . z  2 4 . 5  

B t u /  .s e c  ( Oo u t. •  
B t. L.� / R . s e c  O S  0 •  

T s  T H E TA 
d eg d e g  

2 5 . 5  2 4 8 . a  
2 :r .  3 2 " ' . a  
2 2 . G 2 4 0' . 8  
2 I . 3 2 < 0 . 8  
2 8 . 9 2 4 2 .  a 
2 a .  1 z .: z . a  
I 8 .  4 l < S . B  

2 1 . 3  2 5 9 . 8 

2 2 . 8 ? 5 5 . 8 
2 1 .  a 2 6 5 . 8  
2 il . 8  2 7 5 . 9  

. 1 a .  • 2 9 5 . 8  
1 7 .  2 3 2 8 . a  
I 7 .  S 3 " ' . a  
l a . 2  H S .  8 

l a . 9  3 5 9 . 8 

2 8 . 5 3 G a . a  

T s  T H E TA 

d e g  d e g  

< Z  . a  2 4 .8 . 8  
3 9 . ' Z U J .  8 
2 9 . 9  2 U J .  B 

2 8 . 6 2 4 2  . a  
6 '  8 2 4 2 . 8 

2 1  . 7 :? 4 5 . 8  
2 1! . <  2 5 a . a 
l a . 8  2 5 S . B  
I 8 .  7 2 6 5 . 8  
1 4 . 1  ? 7 5 .  8 
1 4 . 9 2 9 5 . 8 

I S .  7 3 2 a . 8 

1 9 . 6  3 < 1! .  8 
2 1  . s 3 < S . B 

2 2 . 5 3 58 . 8  

T s T H E TA 

d e g  d e g  

2 4 . 8  2 4 8 . 8  
2 a .  9 Z H T . S  

1 9 . 2 2 4 9 .  8 
I 7 .  3 2 .UJ .  6 
1 6 .  s 2 4 2 . 8  
I S . 8  2 4 2 . 8  

I S .  I 2 4 5 . 8  

! 5 .  s 2 5 8 . 8 

I 7 .  8 2 5 5 . 8  

I 8 .  4 2 5 5 . 8  
1 9 . 8 2 7 5 . 8 

I 8 .  6 2 9 5 . 8  

t a .  t 3 2 8 . 8 

I 8 .  < 3 4 lJ . 8 
1 a .  9 3 4 5 . 8  
1 9 . !1  3 5 9 . 6 

2 1! . 5  J O D . S  

9 . 2 3 .4 E • 9 2  

8 . 1 2 n - 9 1  

O S  
B t u / l bmR 

8 . SG 2 a  
.9 . 9 5 1 3  

9 . S G I 9  

9 . D O B 7  

8 . B G 8 a  
S . 8 G ll9 
8 . il 6 1 G  

9 . 3 6 4 1  
9 . D 6 6 9  
9 . U o 9 3 

3 . Jl 7 8 a  

8 . 8 7 1 3  
9 . 9 7 1 3  

8 . 9 7 1 6  

9 . 9 7 1 9 

8 . .9 7 2 8  

8 . 8 7 2 8  

O S  
B t u / l b mR. 

lf . .9 7 .£J 8  
S . B G 9 3 
9' . 9 6 4 9  

S . a G 8 7  
a . a s 1 2  
8 . lJ 6 3 3  
a . a b J G  
a . a 6a 9 

8 . 9 6 • 2  
8 . 0 0 7 9  
9 . 8 5 9 5 
9 . 9 7 8 6 

8 . B 7 2 G 
a . 9 7 3 S 
a . .8 7 3 8 

O S  
B t u / 1 bmR 

8 . 8 6 2 8  
8 . 8 5 1 3  

8 . 8 6 1 !1  
1! . 9 6 1! 7  
8 . 8 5 .98 
1! . 8 6 0 9  
8 . 8 6 1 6  
O' . B' b -1 1  

8 . 8 6 6 9  
lJ . i! 6 9 3  
1! . 8 7 8 8  
a . a 7 1 3 

3" . 8 7 1 3  

9 .  2 7 1 G 

0 . .0' 7 ! 9  
J . 3 7 2 £J 

J . 9 7 2 8 

B t u /  .s e c  

B t u / R . s e c  

C ( p .sq l n )  
l bm / s e c  

8 . 1 G 4 a 2  
9 . 1 7 2 4 3  

.9 . 1 7 3 4 1 
!1 . 1 7 2 3 3  

8 . 1 G� G 9  
B .  I 5 8 9  7 

a .  1 B l l  

8 . 9 9 1 7 3 
8 . 8 S S H  
9 .  e I 3 I G 

- !1 . 8 1 3 4 9  
-H . B -1 4 8 8' 
- a . 8 7 S I S  

- O . C9 4 S I  

- 8 .  I U 1 1 2  

- 8 . 1 � 9 3 5  
- 8 .  I I 5 9 8  

c; ( p s q  t n )  
I b m / s e c  

.8 . 2" 8 1 5 4  
8 . 2"9 9 1 7 

.a .  l J 8 (J 4 
8 .  1 6 1 "  

a . 1 .8 1 7 1  
a .  I Z B G < 

8 . Z 9 4 2 a  
9 . E 7 9 S 7  
8 . 9 1 9 9 7 

- B . Z Z 9 J G  

- a . a c G J 6  
-8 . U 9 3 8 2  
- 8 . 8 5 3 3 3  

8 . Z8988 
.9 . 21)998 

G < p s q l n )  
l b m / !J e C  

8 .  1 6 8 5 8 
8 .  1 7 a z a  

a .  i a 1 1  s 
l! .  I 6 I 4 3  
a .  1 6 9 8 1!  

8 .  1 6 7 9 7 
a .  1 4 s 3 8  

8 .  1 !1 1 5 9 

8 . a 6 3 8 S  
0 .  8 I 4 8 a  

- 8 . lJ I 4 6 3  
- rr . a o J s  

- cr . 9 G 2 1 3  

- a  . n 0 2 2  

- .J . e 9 t 6 t  
- a .  I P- 9  I 3 

- ff .  I 1 5 9 8  

1 4 1 



Tab l e  3 (Con t inued) 

Te•t. NO . 9 H  H • 2  N N • l 7  P a tm • l .f . 5 3 , . , .  P t n l e t • 4 6 . 1 3 p :s t  a T t n l et • 4 6  . .8' d e g . F 

G l n • .l! . l 8 1 7  l b l'l'l / s e c  ' o u t • S' . l B S' J  1 bm / s e c  G P out • B .  1 9 3 9  l b m / s e c  G O o u t • B' . 1 8 4 1  l b m / ., e c  
E t n • .1! .  2 2 1  E • IJ 2  B t u / s e c  E o u t •  0 . 2 1 9 E · .I! 2  B t u / s @ C  O P o u t • .1! . 2 3 H • JJ2  

O S •  .1! . 7 1 7 E · 9 2  B t u / R . s e c  O S P •  .1! . 8 5 0 E - 0 2  
D E L TA T H E T A •  · 2 . 6  O E G  

BAS E D  O M  P T  P S  A N D  T H E TA 
R / R w  P t  P s  V t  v. O T t  O T s  T t 

p s i  a p s 1 a f t / se c  f t / s ec d e g  deg F d o g  

.1! .  9 9  2 2 5 . 7 9 1 9 .  8 9 G I IJ . Z S 4 . 2 . .1! - :! 4 . 4  � B . B 
!1 . 9 6 9 2 7 .  1 3 1 8 .  9 4 7 2 3 .  2 7 1 .  2 . 5  - I  7 .  I 4 8 . 8  
.9' . 9 A S 2 7 . 2 3 1 8 . 5 7 7 5 3 . 2 5 3 . l . l! - 5 1 . 5 4 6 . 5  

!1 . 9 2 1 2 6 . 7 9  1 8 . 2 9 7 5 3 .  2 3 8 . - 2 . !1  · 5  • .  l! 1 3 . 5 

l! .  9 1! 2  2 6 . 2 7 1 7 . 9 1  7 5 6 . 2 2 5 . - " .  8 · 5 5 . 8 4 I . 5 

!1 . 8 8 2 2 5 . 4 7 I 7 .  5 6  7 1 9 . 2!19 . · 6  . .1! - 5 6 . 3 3 9 . 5 

.1! .  8 4 3  2 3 . 7 9  1 6 . 6 3 7 .  2 .  1 6 5 . - 1 1  . l!  • 5 9 .  1 3 1 . 5 

l! .  7 6 .  2 !1 . 6 7  1 5 .  6 b  6 6 .1! .  7 6 .  - 2 3 . !1  - 5 9 . 8 Z 2 . 5 

3 . 6 8 5  1 8 . 4  I l 5 .  1 7 5 5 2 . 2 5 .  - 3 3 . 9 - 5 8 . 1  I 2 .  5 

9 .  6 9' 6  1 6 . 8 5 1 .. . .0' 8  5 2 8 . - . . - I I  . l!  - 6 1 . 2  • .  l! 
.1! .  5 2 8  1 5 .  5 7  I 3 .  6 9  • " 6 .  - 2  7 .  - • 6 . 9  - < 2 . 7  - !1 . 5  

9 . 4 4 9  1 ( . " 9  1 2 .  8 7 ' z " .  - H J .  - 5 3 . 9 - 6 8 . I - 7 . 5  
l! .  3 7 !1 I 3 .  5 7  1 2 . 1 3 3 6 4 . - 3 5 . · 5 9 . !! • 7 !1 .  I · I 3 .  5 
.1! . 2 9 1  . 1 2 .  6 7 I I .  7 5 3 3  I .  - 6  1 .  - 6 5 . 9 - 7  .. . ' · I  9 .  5 
9 . 2 1 3  1 2 . 93 I I . 2 8  3 0 5 . - 5 6 .  - 7 JJ . 9 · 7 8  . .1! - � .c . s  
8 .  I J A  1 1 .  "' 5  1 9 . 8 9 2 6 2 . - 7  2 .  - 7  t .  g - 8 9 . 2 - 2 8 . 5 
8 . S S 5 1 1 . : 5 1 .11 . 7 1  2 3 5 . - & 5 . - 7 G . B  · B l . B - 3 8 . 5 

BA S E D  ON O P / O R  P S  A N D  T H E TA 
R / R w  P t  P s  V t  V a  O T t  o r .  Tt 

P •  I a  p s t a  f t. / s e c  f t / a e c d e g  d e g  d o g  

.1! . 9 6 9  3 9 . 0  1 8 .  9 .  1 l!B G . 3 7 7 .  2 . 5  - � 3 . 5 4 8 . A" 
9 . '3 4 5 2 6 . 7 3  I 8 .  5 7  7 3 5 . 2 .. 7 .  l . B - 4  9 .  1 4 6 . 5  

.1! .  9 2 1  2 6 .  7 G  I 8 .  2 9 7 5 2 .  2 3 8 . - 2 . a  · 5 3 . 8 1 3 . 5 

.B .  9 fJ Z  Z 8 . 8 .c 1 7 . '9 4 8 3 9 .  z 4 '9 .  - 4 . 9 · 6 7 . 6  .c I . 5 

s . s a z  3 9 . 5 6 I 7 .  5 G  9 0 3 . 2 5 1 . - 6 . 8 - 7  9 .  I 3 9 . 5  

0 .  a o 2 1 .  �l! 1 6 .  b 3 7 8 5 .  1 7 5 . - 1 1 . 0  · & 1 . 9  3 1 . 5 
.1! . 7 6 < 1 9 . 5 5 1 5 . 6 6 5 9 3 .  6 8 . · 2 3 . 8  · 5 2 . 6 2 2 . 5  

a . G 8 5  1 8 . 9 8 1 5 .  I 7 5 8  7 .  2 6 . ·3 3 .  9 - 6 1 .  8 1 2 .  5 

.1! . 6 8 6  1 7 .  1 5  I I  . 8 8  5 5 3 . - . . - 4 1  . B  · 6 6 . 1  I . 9  

!1 . 5 2 8  1 5 . 8 3 1 3 . 6 9 1 7 4 . · 2 8 . - 4 6 . 8 - 6 1 . 7 - 9 . 5 
9 , ( 4 9  1 4 . 7 7 1 2 .  8 7  I S G . - 1 3 .  - 5 3 . 9  - 7 a . s - 7 .  5 

.1! . 3 7 8  I 3 .  8 I 1 2 . 1 3 3 9 7 .  - 3 8 . - 5 9 . a  - 7 2 . 3  · 1  3 .  5 

8 . 2 5 1  1 2 . 8 9 1 1  . 7 5  3 & 5 . - G 7 . - 6 5 . 8  - 7 6 . 5  - 1 9 .  5 

!1 . 2 1 3  1 I .  8 9 1 1  . 2 8 Z 7 S . - 5 1  . - 7 J . 8  · 7 6 . 5  · 2 1 . 5 
8 .  1 3 4  1 1 . 1 5 1 8 . 8 9 1 8 1 . · 5J . - 7 4 . 8 · 7 6 . 9 - 2 8 . 5 

BAS E D  OM O I F E R N T ! AL E QUAT I O N  
R / R w  p �  P s  V t  v .  O T t  O T s  T t  

p s t a  p s i a f t / s e c  f t / s ec d e g  d e g  d o g  

l! .  9 9 2  2 5 . 7 9 1 8 .  8 3 6 6 9 . 2 7 8 . 2 . a - 4 1  . 7 •a . 8  

8 . 9 6 9 2 7 .  I 3 1 a .  5 • 7 1 2 . 2 7 9 . 2 .  5 · 1 9 . 9  4 8 . 8  

8 . 9 4 5  2 7 . 2 3  I 8 .  2 1  7 7 1 .  2 5 9 . 1 . 9 -5 • .  JJ 4 6 . 5 

8 . 9 2 1 2 6 . 7 9 I 7 .  8 6  7 7 & .  2 4 6 . - 2 . 9  - 5 7 .  I 1 3 . 5 

z .  '3£f2 2 6 . 2 7  I 7 .  5 6  7 7 0 . 2 3 1 .  · 1 . 9  · 5 8 . 6 4 1 . 5 

8 .  e a 2  2 5 . 4 7 I 7 .  2 6  7 0 6 . 2 1 3 .  · 6 . 9 · 5 8 . 6 3 9 . 5  
8 . 8 1 3  2 3 . 7 9  1 G .  & 9  7 3 9 . I G S .  · 1 1  . 8  - 5 a . 7 3 4 .  5 

B .  7 6 4 2 (1" . 6 7 1 5 .  G G  G 6  I .  7 6 .  - 2 3 . 9 - 5 9 . 8  2 2 . 5  

l! .  6 8 5  ! B . .4 I 1 4 . 8 1 s a s .  2 6 .  - 3 3 . 9  - 6 1 . 5 1 2 . 5 

.1! . 6lJ6 1 6 . 8 5  1 4 . l!S 5 2 7 . - I .  - . I .  9 - G I . Z  • .  8 

.a .  5 2 8  1 5 .  5 7  1 3 .  ' 5  1 7 5 .  - 2 9 .  - 4 6 . 9  - & 1 . 9  - 0 . 5  

a . -4 4 9 I 4 .  4 9 1 2 .  a a 4 2 3 . - 4 .9 . - 5 3 . 0  - E B . ll  - 7 . 5  

B . 3 7 lJ 1 3 .  5 7  1 2 .  3 5  3 7 5 .  · 3 6 . - 5 9 . 9  - 7 9 . 8  - I  3 .  5 
8 . 2 9 1  1 2 . 5 7  I I .  9 lJ  3 0' 2 . - 5 6 .  - 6 5  . .11 - 7 2 . 8 - I  9 .  5 

9 . 2 1 3 1 2  . .1! 3  1 I . 5 2  2 5  I . - 4 6 . - 7 9 . 9  - 7 5 . A -2 4 .  5 

lJ .  I 3 4 1 1 .  • s  I I .  1 8  1 8 2 . - 5 8 . - 7 4  . .9 - 7 7  . .a · 2 8 . 5  
.I! . JJ 5 5  1 1  . I 5 I II .  7 1  2 3 5 . - 6 5 .  · 7 6 . 8 -8 I . .1! - 3 8 . 5  

L! t u / s e c  E O o u t •  
B t u / R . :s e c O S D •  

T s  T H E TA 
d e g  d e g  

1 1 . 6 2 4 7 . 4 
- I  . 6 2 4 9 . 4 
- 6 .  J! 25 1 .  I 

- 8 . 5  2 5 2 . 1  

- I ll .  3 2 5 3 . 4  

- I ll .  8 25 4 .  I 
· I 3 .  6 2 5 7 . 1  

- " .  3 2 5 3 . 4  

- I  2 .  9 2 6 7 . 1 

- 1 9 .  2 2 7 8 . "  

- I  7 .  2 2 7 3 . 4. 
- 2 2 . 6  2 7 S . A 

. - 2  • .  6 2 7 5 . 1  

- z a . 9  2 8 8' . " 
- J Z . 5 2 8 £J . 4  

- 3 .4. . 7  2 9  5 . •  
- 3 5 . 5  2 8 5 . .. 

T o  T H ETA 
d e g  d e g  

- 1 8 . 8  2 4 9  . .4. 

· 3 . 6 25 1 . •  
- 8 .  3 2 5 2 . 4 

- 2 2 .  1 2 5 3 . 4  
- 3 3 . 6  2 5  .. . ..  

- 1 9 . 1 2 5 7 . 1 
- 1 .  1 2 6 3 . 1  

· 1 6 . 3  2 6 7 . 1 
-2 I .  • 2 7 8  . •  

- I  9 .  2 2 7 3 . 1  

- 2 5 . 9'  2 7 5 . 1 

- 2 & . 8  2 7 5 . 4 

- 3 1  . IJ  2 8 Jl  . •  
· 3 1  . J!  2 8 .i!  . •  
· 3 1 .  4 2 8 5 . 4 

T s  T H E T A  
d e g  d e g  

• .  3 z .( 7 .  ( 

- I .  I 2 4 9 . 4 
- 8 . 5  2 5 1 .  4 

· I I . 6 2 5 2 . 4 

· I  3 .  I 2 5 3 . 4 

- I  3 .  I 2 5 1 . 4 
- I  3 .  2 2 5 7 . 4 
- 1 4 . 3  2 6 3 . 4 

- 1 6 . 8 2 6  7 .  4 
- 1 s .  2 2 7 8 . • 

- l 9 .  4 2 7 3 . 4  

- 2 2 . 5  2 7 5 . 4 
- 2 5 . 3  2 7 5 . 4 

- 2 7 . 3  z a g  . .s 
- 2 9 . 5  2 8 J .  4 
- 3  1 . 5 2 8 5 . 4 
- 3 5 . 5  2 8 5 . 4 

a .  2 2 H • If 2  

.1! .  7 6J E - IJ 2  

O S  
B t u / l bmR 

lJ . l! l .l! 8  

!1 . !1 3 7 3  

l! . .i! 3 6 1  

l! . lf 3 6 1  

!1 . 1! 3 6 4  

1! . !1 3 7 6  

l! . l! J S 9  

l! . 9 4 3 6  
8' . .0' 4 6 5 

!1 . !! 1 8 2 

O . lf 5 1 3  

8 . lf 5 2 6  
9 . 9 5 3 9  
0 . 2 5 5 3  
0 . 0 5 & 1 
.1! . .1! 5 7 3 

.1! . .1! 5 8 .1!  

O S  
B t u / l b mR 

l! . .1! 1 1  7 
B • .1!3 7 7  

8 . .1! 3 6 1  

9 . B 3 ll 1  

.1! . 8 2 5 1  

8 . 8 3 & 8  

i' . i H 7 .C  

8 . 9' 4 4 7  

f L S .I.  7 B  

.1! . 1!502 

9 . 8 5 1 3  

a . 9 5 2 7  

8 . 8 5 4 2 

.I! . J 5 7 .1!  

.1! . 8 5 9 1  

O S  
B t u / l b mR 

8 .  ll 48 8  

S . il 3 7 3  

Z . 0 3 6 4  
9 . 1J 3 6 1  

Z . D 3 6 4  
8 . 0 3 7 6  

9 . 8 3 9 9 

.1! . 9 1 3 &  

.3 .  t H  6 5  

0 . .9 4 0 2  

a .  B 5 1 3 

9 . JJ 5 2 5 
.1! . 05 3 9  
8 . .9 5 5 3  

9 . .11 5 6 1  

9 . � 5 7 3  

IJ . IJ 5 8 B 

B t u / s e c  
B t u / R . s e c  

G ( p s q l n )  
l b m / H ;, c  

9 .  2 .1!.1! < 8  

l! . 2 l l!.l! l  
If .  1 9 3 8 1  
l! .  I 8 I I  7 

B .  1 6  8 1  7 
Z . ! 5 2 9 5  

l! .  1 I 5 I 8 

l! . l! 5 1J lJ 6  

l! .  9 1 5 7 3 

- .l! . lHI 2 4 1  

- lf . S l 5 5 1  

- il  . .l!2 2 2 5 

· 8 . .1! 1 8 5 2 

-9 . l!3 1 1 4  
- B . Z 2 7 7 8 

-fJ . .B" 3 .4. i 9 
· B . S 3 B 7 3  

C ( p � q l n )  
l b m / s o c  

a .  3 � 5 e 7 

9 . 1 8 8 2 8  

a .  ! 8 D 8 4  

9 .  I 9 1 4 2 
8 .  1 9 .4 1  .. 

9 . 1 2 3 7 9 

B' . e' 4 4 2 2  
.9' . 8 1 6 8 5  

- a . 9l! Z 5 4  

· 9 . 9 1 6 5 6  

- a  . .1! 2  H J 8  

- 0  . .1! 2 11" 3 3  

- 8 . 8 3 4 5 4 

·lJ . IJ 2 4 9 8 

- 8 . !1 2 3 7 6  

G ( p s q l n )  
l bm / s e c  

l! .  2 1 1  J 2  

8 . 2 1 2 5 8  

13 . 1 9 5 & 9  

8 . 1 8 3 3 2  

8 . 1 6 9 9 5  
8 . 1 5 0 7  

H .  1 1  S 2 .t  
l! . a 5 Z JJ 6  

8 . £ 11 6 3 6  

- 8 . 9.11 2 4 1  

-.1! . 9 1 & 3 3  
- e  . .a 2 2 2 3  

-9 . 2 1 '3 0' 4  
· lJ . B 2 8 G 8  

- 0' . 8 2 3 1 8  

- .ll . lJ 2 4 6 2  

- lJ . 9 3 lJ 7 3  

1 4 2  



Table  3 (Con t inued) 

T o • t  NO.  9 2 5 H • Z  N H • 1 7  P a t� · I L 5 3 p t I a P l n l e t. • 4 6 . 9 2 p s I  a T l n l at. · � 5 . 5  d e g . F 

G l n• 8 . 1 8 8 8  I b m / s e c  G o u t • .B . 1 8 5 6 l b m/ s e c G P o u t • 8 . Z I B 4  l bm / s e-c G O o u t • S' . l 9 Z 2  l b m / 5 � C  
E t n •  a . 2 2 9 E • ll' 2  B t u / s e c  E o u t •  fJ . 2 2 8 E • fJ 2  B t u / s e c  O P o u t •  0 .  2 5 4 ( • a 2 

O S •  H . l B l E - 0 2  B t u / R . O S ?  • 9 . 9 5 1 E - 8 2  
D E L TA T H E TA• - J . ..  O E G  

BA S E D  O M  P l  P S A N D  T H E TA 
R / R w  P t  P •  V t v .  O T t  o r .  T t  

� ' ' a p s i a f t / :s e c  f t / s e c  d e g  d e g  F · d e� 

8 .  9 9 2  2 5 . 1 5 1 8 . 9 4 6 1 2 . 3 1 7 .  2 . 5  - 3 7 . i:J  < 7 .  5 
" . 9 6 9 2 6 . 5 3 1 7 .  7 9 7 5 .4 ,  3 1 1 .  2 . 5  - 5 2 . 9  4 7 . 5 
8 . 9 4 5  2 6 . 6 5 I 7 . n  7 8 4 . 3 8 8 . 1 . a  - 5 8 . 1 4 6  . B  
9 .  9 2 1 2 6 .  1 7 1 6 . 9 1 7 9 0 .  2 9 4 . - 1 . s - 6 0 .  1 4 4 . 1J 
" .  9 ll2  2 5 . 4 9 1 6 . 8 9 7 7 6 . 2 5 8 . - 3 . a - 5 8 . 7  < 2  . 8  
9 .  s e 2  2 4 . 6 7 1 6 .  8 8  7 5 9 .  2 3 5 . · 4 . 5  - 5 5 . 9  4 9 . 5 
6 . 8 0 2 2 . 5 9  1 6 .  1 8 7 1  3 .  1 8 3 .  - 1 .6 . 6 - 5 5 . 1  3 5 . 6  
8' . 7 6 4 1 B .  9 1 1 5 .  1 5 5 8 8 . 9 8 . - 2 3 . 5 -= J .  1 2 1 . 5 
8 . 6 8 5 1 6 . 4 9 1 4 . 1 6 4 8 6 .  6 3 .  - 3 6 . 5 - 5 6 .  5 8 . 5  

8 . 68 6 1 5 . 89 1 3 .  7 Z  3 9 6 . 2 3 .  - 4 4 . 5  - 5 6 . 9 6 .  5 
9 . 5 2 8  1 4 . 2 5 1 3 . 3 8 3 1 3 .  2 .  - 5 9 . 5  - : 8 . 6 - 5 . 5  
0 . .4 .! 9  1 3 . 7 9 1 3 .  1 9 2 5 8 . - 4 8 . - 5 1 . a - 5 8 . 8  - 8 . 0'  

9 . 3 7 6  1 3 .  5 1  1 1 . e a 2 1 3 . - ! 8 7 . - 5 3 . 9  - = 7 .  7 - a . a  
8 . 2 9 1 1 3 .  5 1  1 3 . 8 3  1 6 2 .  - 1 7 2 .  · 5 2 . 3  - 5 6 . 6  - 7  . a  
a .  2 1 3  I J .  4 9 1 3 . 0 1  7 5 . - 2 2 0 . - s a . s  - 5 5 . 2  - 5 . 5  

8 .  1 3 4  1 3 .  5 1  1 3 . 3 2 3 5 .  - 2 3 9 . - 4 8 . 5 - � 3 . 3  - 3 . 5 
8 . S5 5  l 3 .  4 9 1 3 . S8 1 4 .  - 2 4 .9' .  - 4 6 . 5 - 5 1  . 3 - 1 . 5 

BAS E D  O N  O P / 0 �  P S  A N D  T H E TA 

R / R w  P t  P s  V t  v. O T t  o r .  T t  
p s i •  p � l a  ft / s e c  f t / s c c  deg d o g  d c g  

9 .  9 6 9  4 7 . 5 1  1 7 . 7 1! I I  3 2 .  l 6 7 .  2 . 5  - 1 2 2 . 2  4 7 .  s 
0 . '3 4 5  2 a . 1 5 1 7 .  2 6  8 2 9 . 3 2 5 .  1 . 8 - 6 5 . S 4 6  . s  
9 .  s 2 1  Z l . B S 1 6 .  9 1  6 1 3 .  2 2 8 . - 1 . 9  - 3 6 . 6  4 .C  . If  

s .  9 11 2  ! 7 .  J 2 1 6 .  8 9  1 9 9 . 6 6 .  - 3 . 3  - 6 .  7 4 2 .  s 

9 . 8 8 2 2 3 . 4 6  1 6 . 8 8 7S 1 . 2 2 8 .  - 4 . 5 · 4 9 . 4 4 S . 5  

s .  8 4 3  2 3 . 7 9 1 6 .  1 8  7 6 J . 1 9 6 . - 1 6 . 6 -6 l .  6 3 5 . S 

8 .  7 6 �  2 lJ . 7 9 1 5 .  1 5  6 9 8 . 1 1 6 .  - 2 3 . 5 - 6 5 . 2 2 1  . 5 

8 . 6 8 5 1 7 . :,  a 1 4 . 1 6  5 7 6 . 7 5 .  - 3 6 . 5  · 6 ' - 6 8 .  5 

s .  6 JI 6  1 5 . 2 9 1 3 .  7 2  ' l lJ .  2 4 .  - 4 4 . 5  · 5 8 . 5 6 . 5  
8 . 5 2 8 1 .( . 2 8  1 3 . 3 8 3 1 8 . 2 .  - 5 S  .'5 - 5 8 . 9 - 5 . 5  

9 .  4 '  9 1 1 . 6 3 1 3 .  1 9  2 2 2 . - 4  1 . - 5 3 . 11 - 5 7 . 2 - 8 . 8  
li . 3 7 S 1 3 .  3 1 1 3 . SO 1 4 6 . · 7 3 .  · 5 3 . S - 5 5 . 2  - 8 . 8  

S . 2 9 1  1 3 .  1 8  1 3 . !1 3 9 1  . - 9 6 . -s 2 .  a - 5 3 . 5  - 7 . 6  
11 . 2 1 3  1 3 .  1 2 1 3 .  s 1 3 6 .  - 1 68 . - 5 9 . 5  - 5 1 .  6 - 5 . s 

6 . 1 H  1 3 . 11 8  1 3 . sz . 1 2 .  - 8 3 . -� 8 .  5 • 4 9 .  I - 3 . 5  

BAS E D  OM O H £ R NT !AL EQUAT I O N  

R. / Rw P t P s  Vt Va O T t  or. Tt 
p s 1 a p 5 I II f t / s e c  f t / s e c  d e g  d e g  F d e g  

II. 9 9 2  2 5 . 1 5 1 7 .  8 7  6 6 9 . 3 0 . 2 .  5 - 4 4 . 7  l 7 .  5 

1!' . 9 6 9 2 6 . 5 3 1 7 .  5 9  7 6 a .  3 1 3 .  2 . 5  · 5 3 . 7 4 7 . 5  
s .  9 4 5  2 6 . 6 5 1 7 . 2 6  7 8 4 .  3 8 8 . I . S  - s a . t l 6 .  9 
S . 9 2 1 2 6 .  1 7 1 6 .  9 1  7 9 8 .  2 9 4 . - I .  9 - 6 8 . 2  4 ' .  a 

lJ .  9 lJ 2  2 5 . 4 9 1 6 .  6 1  7 9 1 . 2 6 3 . - 3 . a  - 6 3 . 8  4 2 . 8'  

8 . 8 8 2  2 4 . 6 7 1 6 . 3 2 7 8 1 .  2 l 5 . - 4 . 5  - 6 S . 3  4 lJ . S  
s .  8 4 3  2 2 . 5 9 1 5 .  7 6 7 3 8 .  1 9 9 . - l S . lJ  - 5 8  . .4 3 5 . 3' 

9 . 7 6 4 1 8 .  9 1  1 4 .  8 5  6 1 3 . I S 2 . - 2 3 . 5  - 5 5 . 7  2 1  . 5 

S . 6 8 5  1 6 . 4 9 1 4 .  2 2 4 7 9 . 6 2 . -3 6 .  5 - 5 5 . 9  8 . 5  
S .  6 S 6  1 5 . S 9 I 3 .  8 1 3 7 2 .  2 2 . -4 4 .  5 - 5 6 . 6  s . 5  
� . 5 2 8  1 4 . 2 5 1 3 .  5 .  2 8 2 . 2 .  - s.e . s  - 5 7 .  1 - 5 . 5  
S . J 4 9  1 3 .  7 9  1 3 .  3 6  2 1  9 .  - 4 1  . - 5 3 . 8 - 5 7 .  1 - 8 . 6 
8 . 3 7 6 1 3 .  5 7 1 3 .  2 2  1 88 . - 9 S . - 5 3 . 8  - 5 6 . 4  - s . s  
9 . 2 9 1  1 3 .  5 1  1 3 .  1 1 1 4 9 .  - 1 5 8 .  - s 2 . s  - s  s .  9 - 7 . 9  
8 . 2 1 3  1 :L � 9 1 3 .  l!JI. 7 3 . -2 1 9 .  - s a . s - S 5 . ll  - 5 . 5 
a .  1 1 • 1 3 .  5 1  1 3 .  s 1 3 5 .  · 2 48 .  - 4 8 .  s - 5 3 . 4 - 3 .  5 
a . e 5 5  1 3 . � 9 1 1 .  as 1 4 .  · 2 4 S .  - • 6 . 5 - 5 1 . 3 - 1 .  5 

B !. u / 5 e c  E D c. u t •  
i! t u / R . s e c  O S O •  

r .  TH E TA 

F dag deg 

8 . 8 2 4 2 . 6  
- 7 . 9  2 4 7 . 6  

- I  3 .  1 2 4 8 . 6  
- 1 5 .  1 2 4 9 . 6  
- I  J .  7 2 5  1 .  & 

· 1 9 .  9 2 5 2 . 6 

· I ll' .  1 2 5 5 . 6  
- 8 . 1 2 6 8 .  6 

- 1 l .  5 2 6 2 . 6  
- 1 1 .  9 2 6 6 . 6  
- 1 1 .  6 2 6 9 . 6  

- 1 3 .  8 2 B a . 6  
- 1 2 .  7 2 9 6 . 6  

- 1 1 . 6 3 1 6 . 6  

- I S . 2  3 4 1 . 6 
- 8 . 3 35 1 .  6 
- 6 . 3 3 5 6 . 6  

r .  TH E TA 

dog dcg 

- 7 7 . 2 2 4 7 . 6  

- Z S . 8  2 4 8 . 6  
8 .  4 2 l 9 . 6 

3 8 . 3  2 5 1 . 6 
- 4 . 4  2 5 2 . 6  

- 1 6 .  6 2 5 5 . 6 

- 2'11 . 2 2 6 8 . 6 

- 1 9 .  6 2 6 2 . 6  

- 1 3 .  5 2 6 6 . 6  

- I  3 .  9 2 6 9 . 6 
- I  2 .  2 2 9 .9' . 6  
- I S .  2 2 9 6 . e  

- 8 . 5  3 1  6 .  6 

- 6 . 6 3 �  1 .  6 
- 4 . 1  3 5 1  . 6 

T s  T H E TA 

d e g  d e g  

8 . 3  2 4 2 . 6  

- 8 . 7 2 4 7 . 6  

- I  3 .  1 2 4 8 . 6  
- I  5 .  2 2 J 9 . 6  
- 1  5 .  8 2 5 1  . 6 

- 1 5 .  3 2 5 2 . 6  

- 1 3 .  4 2 5 5 . 6 

· I S .  7 2 6 8 . 6  

· I S .  9 2 6 2 . 6  

- I I  . s 2 6 6 . 6  
- 1 2 .  1 2 6 9 . 6  

- !  2 .  1 2 8 S . 6  
- I  1 . 4 2 9 6 . 6 
- I ll .  9 3 1 6 .  6 
· I D . l!'  3 J  1 . 6 

- 8 . 4  3 5  1 . 6 
- 6 . 3  3 5 6 . 6  

SJ . 2 � 5 E • B 2  B t u / s e c  
9 . 8 4 7 E - B 2  B t u / R . s e c  

O S  C C p s q t n )  
B t u / l b cnR I b m / s e c  

8 . £1 4 3 7 li' . 2 4 S 6 4 
9 . 8 4 9S .9 . 2 2 8 3 6  

S . 0 3 9 ll S . 2 2 2 6 6  
J! . D 3 9 3 9 . 2 8 9 4 5 
9 . 2 4 9 2 9 .  1 8  J 1 :!  

S . B 4 1 7 6 .  1 6 5  7 6 

8' . i H S I  9 . 1 2 3 4 �  

S . ;J S iJ' 6  3 . 8 5 1 2 8 
8 . 0 5 3 5  S . 8 3 7 3 9  

9 . 05 !:1 .4  e .  e 1 3 1 9 

8 . 0 5 6 Z  S . S a t � 6 

9 .  "� 7 1  - a . C 2 6 7 7  
9 . 05 8 2 - a . e 5 B 5 J!  
S . J 5 9lJ - a . i? 9 J S J  

8 . 4' 5 9 9 - 9 . 1 2 L 7 J  
S . D & .B 9  - 8 . 1 2 8 99 
8 . 0 6 2 8  - 8 . 1 2 9 9 3  

O S  C. ( p � q 1 n )  
8 t u / l b �R l b m / s e c  

11 . 11 9 11 1  fl. l iJ  4 6 1  
8 . 8 3 5 3 8 . 2 3 9 0 6  
8 . 9 5 1 7  6 . 1 5 0 £1  
8 . 0 6 6 7 ll . f H 2 0 7  
O . S < 5 2  9 . 1 5 2 0 5  
0 . 8 4 1 5 8 .  1 3 4 8 7  
8 . .9 4 4 1 8 . 9 7 4 5 9  
8 . 0 4 9 1  S . a 4 S l 7  
s . 8 5 4 5  8 .  s 1 4 8 7  

>J . OS 6 8  9 . llS 1 2 8 

3 . 8 5 7 9  - .9' . a 2 2 9 9  
� . S 5 9 5 - !1 . 3 1 9 8 8  
8 . S 6 8 7  . - 8 . Z 5 2 s s 
S . ll 6 1 9  
S' . S6 3 1  

O S  

B t u / l b tnR 

.9' . 9 4 3 7  

II . S 4 9S 
8 . 0 3 9S 
9 . 1! 3 9 3  

9 . D � e' Z  
e .  8 4 1 7  
a . a 4 5 1  

IJ . .3 5 S G  
3' . 1!5 3 5  
3' . 8 5 5 d  
iJ . e: S 6 2  

11 . ? 5 7 1  
Z . .fJ S 8 2  
e- . a 5 9s 

8 . � 5 9 9  
9 . .0 1; 9 9 

8 . 8 6 2 0  

- fJ . iJ S B 2.fJ 
- li . II H 2 3  

G ( p s q l n }  
l bm / s e c  

8 . 2 5 2 3 8  
11 . 2 2 8 9 8  
a . 2 2 2 ;; 5  
s . 2 s s o  
g .  1 s 4 s '  
s .  1 6 8  4 6  

s .  1 2 5 5 4  

8 . 3' 6 2 9 0  
8 . 9 3 6 9 9  
S . 8 1 2 7 8  
s . as 1 1 5  

- ll . ll 2 2 9 2  
- S . 3 4 9 8 6  
· J . J 8 6 H  
- a .  1 1 9 1  7 

- J . l 2 9 5 6  
- 8 . 1 2 8 9 3  

1 4 3  
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Tab l e  3 ( C on t inued) 

T e .5 t  N O .  1 1 3 8 H • 2  N tl • \ 7  P • t,.,• l .. .  2 4  p � t ·  P l n l e t • 3 l . S 3  1' 5 l a  T t n l et • l 9 . B  d o g .  f 

C l n • 8 . 8 9 5 5  l b m / � o c  G o u t • S' . 3'9 4 1  1 b rn / 5 e c  G P o u t • a . s e e e:.  l b m / s e c  I: O o u t • 8 . 9' 9 6 8  l b m / s e c  
E l n •  B .  I I  7 E  • 9 2  B t u / � e c  E o u t •  lJ . I I H • a2 B t u / s ec O ? o u t •  8 .  l il 8 E  + 8 2 B t u / s e c  E D o u t •  9 . 1 1 8 E • a 2  S t u / s e c  

O S •  !l'. 2 2 l E - 8 2  S t u / R . se c D S P  • a . 2 l 9 E - ll 2  B t u / R . s ec D S D •  a . J O E - 8 2  B t u / R . s e c  
D E L T A T H E TA •  J .  8 D E C  

BA S E D  O N  P T  P S  A N D  T H C TA 
R / R ow  P t  p ,  V t  V a  O T t  o r ,  .T t  T s  T H ETA O S  G ( p s q t n )  

p s I a p s t a f t / s e c  f t / s e c  d e g  d e g  F d c g  d c g  d e g  B t u / l b mR l b m / s e c  

a .  9 8 ll 2 2 . 8 8 2.3 . 7 5  3 8  7 .  I I  2 .  3 . 8  - l lJ . 5  4 9 . 5  3 6 .  jJ 2 5 3 . 8  9' . lJ 2 1 4  lJ . lJ 8 8 2 J  
9' .  9 &  I 2 2 . 9 2 2 9 . 8 2 3 9 1 . I l l .  3 . 9'  - 1 9' . 8  S lJ . 9  3 6 . 2  2 5 3 . 8  a . a 2 1 2  8 . 9 8 9 4 1 
9 .  9 2 1  2 2 . 7 1. 2 !1 . 5 8  4 .1:J l . 1 8 2 . 2 . 9' - 1 2 . 3 A 9 . B  3 A . 7 2 5 5 . 8  9' . 9 2 1 3  S' . B 7 9 J 2  
8 .  8 4 )  2 2  . .( 6 2 9 . 7. 2  4 2 0 .  6 1 . 9 . a - 1 5 . 9'  4 8 . 0  3 3 . 9'  2 6  I . 8 9' . Jl 2 1 7  9' . 9 , 6 6 4  
a . 7 6 l  2 1 . n 1 9 . 1 7 4 2 5 .  3 I .  - 1 . 9 - I  6 .  I 4 7 . B  3 I . 9 2 6 5 . 8  8 . a2 2 7  9 .  Z 2 3 5 9  
a .  6 8 5  2 1 . .  6 1 9 . 2 8 4 2 8 .  - 6 .  - 2 . 9' - I  7 .  2 l 6  . 9'  J Jl'.  8 2 7 9' .  8 8 . 9'2 3 9  - 9' .  8 9 0 2  
8 .  6 '-' 6  2 a . 9 8 1 8 .  6 9  4 1. 2 .  - 2 9 .  - 5 . 9' - 2 1 . 3 t J . S  2 7 . 2  2 7 3 . 8  9' . a z • 2  - 8 . 9 2 1 0 3 
8 .  5 � 8  2 11 .  J l  I 7 .  9 2 1. 6 3 . 2 .  - 6 . 5 - 2 4 . 3  4 2 . 5  2 • .  7 Z 6 '3 . 6  8 . a 2 5 9  8 . P 6 1 2 9 
9 . .. ... 9 I 9 .  l 8 I 7 . a 7  ' 7 1 . 3 5 . - 8 . 5  - 2 7 . 8 .4 .8' . 5  2 2 . a 2 6 5 . 8  9 . a 2 7 9 8 . e 2 3 a 3  
a . 3 7 a I 8 .  4 6 I £ .  I 7 4 6 8 . 5 9 .  - I I .  9' - 2 9 . 5 3 8 . 8  1 9 .  5 2 6 2 . 8  9' .  9' 3 J "  a . 8 3 7 l 2  
8 . 2 9 1 I 7 .  I a I ' .  9 8  <& 6 5 . 5 9 .  - 1 6 .  a - 1 4 . )  � J . rr  l l .  7 2 6 2 . 9  9' . a 3 3 2  8 . 2 3 1. 8.9' 
a . 2 1 3 1 5 . 5 6 1 .4 .  I 4 3 9 7 . 2 2 .  - 2 2 . 5  - 3 5 . 6  2 7  . 9'  I 3 .  9 2 6 6 . 8  9' . 8 3 6 7  0 . 9 1 2 4 6 

a .  1 7 3 .1 • .  e 2 I 3 .  6 2 3 7 2 .  2 I . - 2 5 . 9'  - 3 6 . 6  2 5 . 9' I 3 .  l 2 6 6 . 8  8 . 83 9 1  a .  e 1 1 2 7 
a. 1 3 4 I .4 .  1 9'  1 3 . 2 5 3 I 8 .  1 8 .  - 2 7 .  s - 3 5 . 9  < 2 . 5 l 4 .  I 2 6 6 . 8  e . a l l 3  9' . a 0 9 3 6  
8 . e H  1 3 . 5 a 1 2 .  9 7 2 5 4 . 3 7 .  - 3 1  . 8 - 3 6 . 5  1 9 . 9'  1 3 .  5 26 1 . a a . a < 2 5  9 . 9 1 8 8 9' 
8 . 8 5 5  t 2 .  9 2 1 2 .  7 1  I 5 9 .  3 7 .  - 3  < . a  - 3 & . 2  I 7 .  9' I A .  8 2 5 6 . 8  s . e .t .c s  9 . 0 1 8 7 9 

a . lJ 1 6 1 2 . 5 a  1 2 . 4 8  ' " ·  2 A .  - 3 6 . 9  - 3  6 .  2 1 5 . lJ I A .  8 2 3 8 . 8  a . J H 5 8  lJ .  9 1 1  B I 

BAS F. O  O N  O P  / D R  P S A " D  T H E TA 
R / R w  P t  p ,  Vt V a  O T t  o r .  Tt T o  T H E TA OS !; ( p � q l n )  

p , t a  p s t .  f t / :! e c  f t / :! e c  deg d e g  d � g  d c g  d e g B t u / l bmR l b m / :! e c 

8 .  9 6 1  2 2 . 3 5 2 9' . 8 2  3 3 6 . 9 8 .  3 . 9'  - 7 . 2 5 .J . 8  3 9 . 8  2 5 3 . 8  S . B2 3 H  lJ . fJ 7 6 l .J 
8 .  9 2 1  2 3 .  1 8  ZS' . S B 4 3 8 .  I l l .  2 .  8 - 1 5  . a  .« Cl . H  3 Z  . .8 2 5 5 . 8  9 . 0 2 8 9'  9 . a 8 7 !J9' 
8 .  B J 3  2 2 . 5 3 2 9 .  2 2 4 2 6 . 6 2 . e . e  - 1 5  . •  4 8 . H  3 2 .  6 2 6 1  . 8 9 . 0 2 1 5 8 . 0 4 7 ) 6 
a .  7 6 4  2 2 . I 7 1 9 . 7 7 •' I . 3 3 .  - 1  . a - I  7 .  3 ' 7 .  s 3 a .  7 2 6 5 . 8  lJ . 82 2 1 JJ . 9 2 4 5 6  
9 . 6 8 5 2 1 . 7 3 1 9 .  2 8  4 5 2 . - 6 . - 2 . 8  - 1 9 . a l 6 . a  2 9  . a  2 7JJ . B  9' . D2 3 8  - lJ . 8 0 4 5 8  
8 .  6 a 6  2 I . .  5 1 8 . 6 9 • a  1 .  - 3 2 .  - 5 . JI  - 2 4 . l 4 3 . 5  2 . .  1 2 7 3 . 8  9' . 8 2 2 7 - e' . B Z J 0 7  
8 . 5 2 8 2 B . 8 JI I 7 .  9 2  5 8 1 . 2 .  - 6 . 5  - 2 7 . 4  4 2 . 5 2 1  . 6 2 6 9 . 8  Jl .  9 2 0  9 . 98 1 3 1  
9 . • •  '3 1 9 .  7 2 1 7 . lJ7 ' 9  2 .  3 6 .  - 8 . 5  - 2 8 . 7 H J . S  29' . 3 2 6 5 . 8  8 . 9 2 7 a  S' . 9' 2 4 1 J.  
9 . 3 7 ll  1 8 . 89' 1 6 .  I 7 J. 9 8 .  6 3 .  - I I . il - 3 2  . JI  3 8 . 8  I 7 .  9' 2 & 2 . 8 g , 1J 2.9 1 S . .9 4 kl 9' 6  
a .  2 9 1 1 6 .  9 8  l l .  9 8  ' 5 2 .  5 7 .  - 1 6 . 8 - 3 3 . 3  3 3 . 9' I 5 .  7 2 6 2 . 8  O . C 3 3 7  9 . 8 3 3 8 a 
8 . 2 1 3  I 5 .  l I 1 C i o4 3 7 6 .  2 1  . - 2 2 . 5 - ) l ,  3 Z 7  . 0  1 5 .  2 2 6 6 . 8 9' . a 3 7 4  8 . 9 1 1 7 9 
9 . 1 7 3 1 4 .  6 2  I 3 .  6 2  3 .  1 .  1 9 . - 2 5 . 8 - 3 o4 . 7 2 5 . JI  I 5 .  3 2 6 6 . 8  a . a H JS 9 . 0 1 9 39' 
9' .  1 3 4 1 3 . 8 2 1 3 . 2 5  2 6 1 .  I 5 .  - 2 7 . 5 - 3 3 . 2  2 2 . 5  1 6 .  8 2 6 6 . 5  a . 8 l 2 6  a . ea 7 6 5 
.l' . ll' 9 l  1 3 . 3 a 1 2 . 9 7  2 a 3 . 2 9 . - 3 1 .  9' - 3 4 . 5  1 9  . .8 I 5 .  5 26 I .  8 9' . ll' 4 3 5  9' . 9 1 4 9 8  
e . a S 5  I 2 .  8 9  1 2 .  7 1  l l  8 .  3 5 .  -J l . a - 1 5 . 9  I 7 .  9' I 5 .  I 2 5 6 . 8  S . JJ J. 4 7  a . a l 7 3 7  

BA S E D O N  0 I F E R M T ! A L  E Q UA T I ON 
R / R ..., P t  P s  V t  v. Oit or. T t T •  T H E TA O S  G ( p 5 q l n )  

p s  1 a p � t a  f t / s e c  f t / :s e c  d o g  d e g  d e g  F d e g  d e g  B t u / i b mR l b m / :! e c  

8 . 9 8 8 2 2 . 8 0 2 .8 .  6 5  3 9 7 .  1 1 5 .  3 . 9  - I  I .  2 o4 9 . 5  3 5 . 3 2 5 3 . 8  a . lJ 2 l l  a . 8 9 9 2 1 
Jl .  9 5 1  2 2 . 9 2 2a . 5 7 .. 1 5 .  I 2 I . 3 .  8 - 1 2 .  5 5 9' . a  3 4 . 5  2 5 3 , 8 lJ . .S 2 1 2  lJ . 8 9 l l1 7  
9' . 9 2 1  2 2 .  7 4 2 9 . 3 9 A. l B .  1 116 . 2 . a  - I  3 .  6 .. 9 . "' 3 3 . 4 2 5 5 . 8  9' . ll'Z l  3 ll . l! S 2 3 8  
'-' .  e 4 3  2 2  . •  6 1 9 . 9 9 4 4 2 .  6 4 .  a . 9  - I  6 .  6 .« s . a  3 1  . •  2 6  I . 8 11 . ll 2 1 7  a . 9' J B 6 6  
a .  7 6 4 2 I . 9 8  1 9 .  5 '  � .£ 8 . 3 3 . - I . "  - 1  7 .  a 4 7 . ff  3 a . 2  2 6 5 . 8  8 . ll 2 2 7 .0 . 0"2 4 6 4.  
a .  6 8 5  2 I . l 6 1 9  . a 3  4 5 2 . - 6 .  - 2  . a  - 1 9 . 8 & 6 . S 2 9  . a  2 7 a . B  9 . a 2 3 9 - ll . f!lJ l 5 3  
8 . 6 <1' 6  2 JJ . 9 8  1 8 . 4 6 4 6 5 . - 3 1 .  - 5 . ll - 2 3 . I 4 3 . 5 2 5 . 4  2 7 3 . 8 8 . a 2 4 2  - a . 9 2 1 9 4  
8 .  5 2 8  2 e- .  3 4 I 7 .  7 9  < 7 6 .  2 .  - 6 . 5  - 2 5 . 4.  ' 2 .  5 2 3 . 6  2 6 9 . 8  a . az s 9  ll . 9a l 2 3  
a . '  < 9  1 9 .  < 8  I 7 . ll 2  4 7 5 . 3 5 .  - e .  5 - 2  7 .  4 • a  . s  2 1  . 6 2 6 5 . 8  B . ll 2 7 9  11 . 9 2 3 2 1  
S . 3 i 9 I S .  4 6  1 6 .  I 6 4 6 9 . 5 9 . - I I .  9' - 2 9 . 6  3 8 . 9'  1 9 . 4 2 5 2 . 8  a . 0 3 8 4  9 . 9 3 7 4 8 
9 . 2 9 1  I 7 .  I a 1 5 . 2 3 4 3 6 . 5 5 .  - 1 6 . 11 - 3 2 .  I 3 3 . e  1 6 .  9 2 6 2 . 8 8 . 11 3 3 2 a- . 8 3 3 8 2  
e .  2 1 3 1 5 . 5 6 I l .  2 9  3 i 5 .  2 I . - 2 2 . 5  - 3 < . 2  2 1 . a  I 5 .  3 2 6 6 . 8  0 . 8 3 6 7  9' .  Z I I B 6 

8 .  I 7 3  I 4 .  6 2  I 3 .  B l 3 3 5 . 1 9 .  - 2 5 . 11 - 3 4 . o4  � 5 . 9' 1 5 . 6  2 5 6 . 6  8 . 9 3 9 1 8 . � 1 9 2 6  

fJ .  i J 4 1 4 .  1.0' I l .  4 3  2 8 3 . I 6 .  - 2 7 . s - l l .  2 Z 2 . 5  1 5 . 8  2 6 6 . 8  e- . 9 4 ! 3  S . f! 0 8 H l  
a . a s .  1 3 . 53 l :l . ll 5 2 3 2 .  3 4 ,  - l I . 11 -J 5 .  6 1 9 . 3' t J . ..  2 6 1 .  a a . a < 2 5  e .  0 1  7 3 a  
S . £r 5 5  1 2 .  9 2  I 2 .  7 2  I 5 4 . 3 6 .  - J 4 . H  - 3 6 . I I 7 .  8 1 4 . 9  2 5  6 .  B S . SJ. J S  9' .  9 1 8 1 6  
9 . B l 6  1 2 . 5a 1 2 . 4 8 • a .  2 4 .  - 3 6 . fJ  - 3 6 . 2 I S .  S I 4 .  8 2 3 8 . 6  8 . li < 5 B  11 .  9' I I B I 



Tab l e  3 (Cont inued) 

Te s t.  N O .  1 1 3 9 H • 2  N N • 1 7  P e. t m• t • . z •  p s t a  P l n l et • J 6 . 6 2 p • l ll  T t n l e t • S J . B  d e g . F 

C l n • 0 . 1 1 7 2 l b m / � e c  G. ou t • 9' .  1 1 9SJ l b m / :� e c  G P o u t • .0 . 1 3 6 1 l b � / s e c  G O ou t • 9' .  1 1  B S  l b m / .:� e c  
E t n •  fJ . 1 4  4 E + .i!' Z  B t u / s e c  E o u t. •  a . t .4. 6 E  .. w z  B t u / :s e c  C P o u t •  16 . 1 3 9 E • H 2  

O S •  f1 . 3 2 G E - 8 2  B t. u / R  . .:� e c  O S P  • 0 .  3 4 9 E - JJ 2 
D E L TA T H E TA •  4 . 7  D E C  

BA S E D  OH P T  P S  A N D  T H ETA 
R / Rw P t  P s  V t  Va O Tt D T s  T t  

p !I 1 a p .:� l a  f t / s ec f t / :s cc d e g  o e g  F '  d e g  

8 .  9 8 0 2 5 . 8 8 2 3 . 8 3 4 3 0 .  I 3 4 .  3 . 5  - I  3 .  4 s s . s  
6 .  9 G  l 2 5 . 9 Z  2 2 . 7 3  • 5 6 .  1 4 z .  2 . 5  - 1 6 . 5  5 -4 . 5 
0 .  9 2 1 2 5 . 8 8 2 2 . 6 7 4 6 4 . ! 1 9 .  2 .  0 - I  7 .  l 5 4 . 11  
8 .  8 4 3  2 5 . 3 8 2 2 . 2 1 4 7 5 . 7 0 . 0 . 8  - 1 9 .  2 5 2 . 5 

8 .  7 6 4 2 4 . 7 6 2 l . 6 7 .t 7 8 . 2 8 .  - 2 . 8  - 2  I . l S >J . S  

0 . 6 8 5  2 4 . 2 2 2 1  . 1 9  4 7 8 . - 6 .  - •  . a  - 2  3 .  1 4 8 . 5  
I! .  6 1: 6  2 3 . 5 6  2 8 . 5 3 4 8 3 . -3 l . - 7 . 8  - 2 6 . 5  4 6 . 0  
8 . 5 2 8 z z .  7 8  l 9 . 6 JJ 5 0 4 . - 6 .  - 9 . 6  - : a . z  4 4 . f?  
e .  4 " 9  2 l . 6 6  1 a .  1 • S 4 5 . 4 I .  - J lJ . a -3 4 .  8 4 3 . 9 

6 . 3 7 9  2 8 . 3 2 1 6 . 2 5 6 0 5 . 7 8 . - 1 3 . 9  - 4 4 . 6 H J .  8 

6 . 2 9 1  l B . Z fJ " .  s 3 6 il 3 .  7 8 .  - l 9 .  8 - 4 9 . 8 3 4 . fJ 
0 .  2 1 3 1 5 .  4 8 1 3 . 2 7  S fHJ .  3 8 . - 2 7 . 6  - '  7 . 13  2 6 . 6  
0 .  l 7 3  1 • .  z '  1 2 . •  7 4 6 3 . 2 7 . -3 l . 6 - 4 8 . 9 2 2 . 0  
6 .  I 3 4 l 3 . 2Jl l 2 . 0 1  3 9 il . 2 3 .  - 3 6 . 9 - 4 8 . 7 I 7 .  riJ 
9 . 0' 9 4 I 2 .  3 6 I l . S 3 3 3 4 .  1 9 .  - H r . a  - 4 9 . J l 3 . .a 
e . e s s  l I . 6 8  l l . 2 6 2 3 9 . 3 1  . - � 4 . riJ  - "  8 .  8 9 . 8 

6 . a l 6  l l .  1 6  l l . Jl 6  I l l .  4 l . - � 7 . 8  - 4 8 . 2 6 . 0  

B A S  E O  OH O P / O R  P S  A N D  T H E TA 

R / R w  P t  P s  V t  v .  O T t  O T s  Tt 
ps La p s 1 a  f t / sec f t / �e c  d e g  d e g  d e g  

0 . 9 6 1 2 6 . 1 8  2 2 . 7 3 4 6 7 .  1 4 6 . 2 . 5  - I  7 .  4 s 4 .  s 
0 . 9 2 1 2 4 . 9 6 2 2 . 6 7 3 9 1  . J l! a .  2 . 6 - I I .  6 s e e-
a .  8 4 3  2 S . a 6 2 2 .  2 1  4 5 2 .  6 6 .  a . 9 - 1 7 . 4  > 2 . 5 

6 .  7 6 4 2 • .  ? 6  2 l . 6 7 4 U J .  2 6 . - 2 . 0  - 1 8 . 2 5 0 . 5  
a . 6 e S  2 3 .  7 8 2 l .  1 9  "' "  s .  - s .  - 4 . 0 - 2 JJ .  S 4 8 . 5 
0 .  6 JJ 6  2 3 . 7 6 2 6 . 5 3 4 9 8 .  - 3 2 . - 7 . 8  - 2 7 . 7 4 6  . lJ  
8 . 5 2 8  2 3 . 8 9 1 9 . 6 8 5 7 7 .  - 7 .  - 9 . lJ  - 3 6 . 7  .i J .  g 
a . "  4 9 2 3 . 4 2 1 8 .  I • 6 S l! .  4 9 .  - l 0 . lJ - • S  . .t 1 3 . IJ  
0 . 3 7 Jl 2 lJ . 9 8 1 6 . 2 5 6 4 5 . 8 3 . - 1 3 . 9 - 4 8 . 2 4 S . B  
lJ . 2 9 l  1 7 . 5 3 1 4 .  S J  5 5 2 . 7 1  . - l 9 . lJ  - '  4 .  7 3 4 . �  

0 . 2 1 3  1 5 . 2 3 l 3 .  2 7 4 7 3 . 3 6 . - 2 7 . 6 - 4 5 . 7  4 6 . 9 
l!' . 1 7 3  1 3 . 9 2 1 2 . 4 7 4 2 3 .  2 5 . -3 l . 8 - 4 5 . 9  2 2 . 0  
6 .  l 3 4 l 2 .  8 '  1 2 . 0 1 3 2 8 . l 9 .  - 3 6 . 8 - 4 5  . .9' 1 7 . 6 

S . S9 .(  l l . 9 8  l l .  5 3  2 4 9 .  l s .  - 40 . .3 _ , s . z  I 3 .  6 
0 . 85 5  l I .  4 3  I I  . 2 6 1 5 2 . 2Jl . - 4 -t  . .S -4 6 . B  9 .  8 

B A S E D  O N  D I F E R N T ! A L  E Q UA T I O N 
R ! Rw P t  P s  Vt Va O T t O T s T t  

P 5  L a  p s  I a.  f t. / s e c  f t / s ec d e g  d e g  d e g  

0 .  9 8 8  2 5 . 8 8 2 2 . 9 5 0 6 .  l 3 6 . 3 . 5 - I  3 .  9 5 5 . 5  
Jl . 9 6 l  2 5 . 9 2 2 2 . 8 4 H 7 .  1 3 9 . 2 .  5 - I s .  7 5 4 . 5 

6 . 9 2 1 2 5 . 8 8 2 2 .  6 1  4 6 8 . 1 28 . 2 .  a - 1 7 . 5  S < . JJ  
9 .  8 4 3 2 5 . 3 8 2 2 . lJ 7  4 a s .  7 1 . lJ . 0  - 2 0 . a  5 2 . 5  
8 .  7 6 4 2 4 . 7 6 2 l .  4 7  4 9  4 .  2 9 . - 2 . 0  - 2 2 . 4  5 0' . 5  
8 .  6 a s  2 4 . 2 2 20 . 7 7 s 1 2 .  - 6 . - 4 . 0  - 2 5 . 8  4 8 . 5  
il .  6 Jl 6  2 3 . 5 6 9 . 9 6 5 2 9 . - 3 4 .  - 7 . lJ  - l B .  4 H . S  

0 . 5 2 8  2 2 .  7 R 9 .  Jl 1  5 5 2 . - 6 . - 9 . 9 - 3 ' .  4 4. 4 . B  

Jl .  H 9  2 1 .  6 6 7 . 8 7 5 6 7 . 4 ) ,  - l J . 0  - 3 6 . 9 4 3 . 6 
0 .  3 7fl 2 0 .  3 2 6 . 5 3 sa 1 .  7 5 .  - 1 3 . 0 -4 l .  6 4 fi . Jl  
0 .  2 9 1  1 8 . 28 5 . .0'2 s s e . 7 2 . - 1 9  . .3 - 4 5  . .1, 3 4 . 8  

6 . 2 1 3  l 5 .  4 8 3 . 5 2 4 6 9 . 3 6 .  - 2 7 . lJ  - 4 5 . 4 2 6 . 9 
6 .  l 7 3  1 "' .  2 '  2 . 8 7 405 . 2 d .  - 3 1 . fJ - 4 4 . 7 2 2 . lJ  
.iJ .  I 3 '  l 3 . 2 a I 2 .  3 I 3 3 6 .  2JJ . - 3 6 . 0 - 4 5 . 4  l 7 . .a 
0 . 11 9 <  1 2 . 3 6 l l . 8 3  2 6 5 .  1 5 .  - .t fJ . 9  - 4 5 . 9  I 3 .  0 
6 . Jl' S S  l I . 6 8  1 1 .  4 2 1 8 8 .  2 4 .  - 4  4 .  8 -4 7 . z  9 . a 
0 . .8' 1 6 I I .  1 6  I l . .8'6 I l l .  4 l .  - 4 7 . 9 - 4 8 . 2  6 .  Jl 

B t u / :� e c  E Oou t •  
B t u / R , s e c  O S O •  

T s  T H E TA 
d e g  d e g  

3 8 . 6 2 5 2 . 7  
3 5 . 5  2 5 2 . 7 
3 4 . 9  2 5 5 . 7  
3 3 . 3  2 6  l . 7 
3 l . 4 2 6 6 . 7 

2 9 . 4 2 7 1! .  7 
2 6 . 5 . 2 7 3 . 7 

2 2 . 8  z 7 J .  7 

1 8 .  2 2 6 5 . 7 

9 . 8 2 6 2 . 7 

3 . 2  2 6 2 . 7  
s .  l 2 6 5 . 7 

4 . 1 2 6 6 . 7 

4 . 3  2 6 6 . 7  
3 . 7  2 6 6 . 7 
4 . 2  2 6 2' . 7  
4 . 8  2 4 9 . 7  

T s  TH E TA 

d e g  deg 

3 4 . 6  .? 5 2 . 7  

.I. B  • l 2 5 5 . 7  

3 5 . l 2 6 1  . 7 

3 4 . 3  2 & 6 .  7 
32 . JJ Z JJJ . 7 

2.5 . 3 2 7 3 . 7 
I 6 .  3 2 7 lJ .  7 

7 . 6 2 6 5 . 7  
4 . 8 2 6 2 . 7 

8 .  J 2 6 2 . 7 

7 . 3  2 6 5 . 7  
7 .  l 2 6 6 . 7  
8 . .0' 2 6 6 . 7 
7 . 8  2 6 6 . 7  
7 . 8  2 6 2 . 7 

T s  T H E TA 

d e g  d e g  

3 8 . l 2 5 2 . 7 

3 6 . 3 2 5 2 . 7  
3 4 . 5 2 5 5 . 7 

3 2 . s 2 6 1  . 7 
3 lJ .  l 2 6 6 . 7  

2 6 . 7  2 71 1 .  7 

2 � . 6  2 7 3 . 7  

1 8 .  6 2 7 JJ .  7 
l 6 .  l 2 6 5 . 7 

1 1 . 4 2 6 2 . 7  
7 . 6 2 6 2 . 7 

7 .  6 2 6 5 . 7 
8 . 3  .? 6 6 . 7  
7 . 6  2 6 6 .  7 
7 .  l 2 6 6 . 7  
5 . Jl  2 6 2 . 7  
4 , 8 2 < 9 .  7 

9 . 1 4 5 E • 9 2  
8 . 4 5 2 E - 6 2  

O S  
B t u / l bmR 

8 . 82 5 9 

9 . 82 4 4 
0 . i! 2 4 3  
H . .3 2 4 9  

3 . 8 2 5 7  

8 . 0 2 6 2 
1iJ • .8 Z 7 fiJ  
6 . 6 2 8 3 

9 . 9 3 1 3 
0 . 8 ) 4 2  
0 . 8 3 8 9  

0 . 6 4 6 1  
6 . 0 4 9 8  
0 . o s 2 s  
8 . 8 5 5 .0  
8 . 0 5 6 8  

8 . 85 8 4 

O S  
B t. u / l bmR. 

8 . Jl 2 3 9  
8 . 8 2 6 9  
6 . 62 5 8  
6 . 8 2 7 1 
JJ . 9 2 7 S  

Jl . 0 2 6 4  
8 . 0' 2' 5 0"  
9 . 8 2 5 9 
0 . 1!.3 2 lJ  
e' . 114  1 5  
e' . fJ 4 7 2  
6 . 05 1 3  
a . JJ S H  

8 . a5 7 l 
6 . 05 8 3 

O S  
B tu / 1 bmR 

8 . 8 2 5 0 
8 . 6 2 H 

9 . 0 2 4 3  
0 . 0 2 4 9  

lJ . 9 2 S 7  

S . lJ 2 6 2 
9 . 9 2 7 9  
lJ . 0 2 8 3  
0 . 0 3 1 3  
6 . 0 3 4 2  

Jl . lJ3 8 9  
.ll' . 8 4 6 l  
9 . 6 4 9 8 

a . 0 5 2 S  

0 . 8 5 5JJ 

a : 0 s s s  
6 . 0 5 8 4  

S t u / , ec 
B t u / R . :u� c  

G ( p � q l n )  
l b m / s ec 

8 .  1 1 6 2 3  
B .  1 2 2 2 1  

9 .  1 8  l 7 6  
0 . 8 5 8 6 7  

8 . 82 2 9 7  
- 9 . 8.8 4 5 5  
- 0 . 8 2 4 5 3  

- 9 . 02 4. 5 .0  

9 . 0 2 9 3 2  
s . .a s e s z 

B . t H S -5 9'  

Jl . 6 2 0 2 3  
a . a t J S 7  

.a .  8 1 1 8 .3 
6 . 0 0 9 3' 6  
JJ . 8 J 3 3 7  

0 . .3 1 8 4 2  

G < p sq l n )  
l b m / 5 e C  

s .  1 2 5 s a  

6 . 6 8 4 9 1  
0 . 9 5 5 6 4  
6 . 6 2 1 05 

- 9 . 00 4 2 1  
-a . 6 2 S 3 4  
- lJ . 005 2 2  

JJ . 6 3 5 8 l  
8 . riJS 4 4 S 

9 . 8 .t l 2 7  
8 . 0 1 9 0 7 
8 . l! J 2 3 l 
0 . 0 0 9 1 8  
9 . 2.9 6 7 8  
0 . aa a s s 

C ( p sq l n }  
l b m / s e c  

Jl ,  I I  7 6 .0'  
!1.  l 2 l1 3 Jl  
Jl .  1 0 2 5 5  
Jl .  Jl 5 9  7 l 
8 . 92 3 6 0  

-8 . J 0 4 S JJ 

- 8 . 9 2 5 3 1  
- a . e0 < s 2  

11. e 3 o  1 a 
Jl . JJ< 9 1 6  
.9' . .0 4 3 2 4  
.9' . 3 1 9 2 6  

fJ . tJ 1 .? 1 5  
0' . 8 £! 9 6 4  

0 . 00 7 ; 3 
0 .  a 1 1 1 2  
li . Jl l 8 4 2 

1 4 5  



1 4 6  

Tab l e  3 ( Cont inued) 

Te a t N O .  1 1 5 1  N • 1  N N • 1 7  P a tm• l � . 3 2 p s l a  P l n 1 ot • 3 5 . 9 8 p s I  a T t n l e t • 6 .4 . B  deg . F 

G l n • l! . 1 J! 3 6  l b m / s e c  C o u t • .9' . 1 .9 4 l  1 b m / 5 e c  G P ou t •8 . .0" 9 2 1 l brn / s e c  C Oo u t • B . l B S S  l bm / s e c  
E t n •  .0" . 1 3.0"E • .0" 2  B t u / s e c  E o u t •  9 . 1 J9' E • 8 2  B t u / s e c  O P o u t • .9' .  1 1  SE • 0' 2  S t u / s e c  E D c.u t •  .CL 1 J I E • J 2  B t u / s ec 

O S •  9 . 2 3 2 E - C 2  B t.u / R . s e c  OS P •  lJ . 2 7 3 E - 0 2  S t u / R , s e c  O S O •  e . 3 1 2 E - a 2  B t. o / R . :s e c  
D E L TA T H E TA •  3 . •  O E G  

BA S E D  O N  P T  P S  A N D  T H E TA 
R / R w P t  P •  V t  v .  O T t  o r .  T t  T •  T H E TA OS C ! p .s <:� l n )  

p s  1 a p s  I a  f t / s ec f t / s e c  d e g  o e g  d e g  d o g  Ceg · B t u /  l b ,R l bm / s e c  

g .  9 a .0" 2 8 . 3 2 2 6 . 8 3 3 7.0" .  1 1  • .  .0" . 11  - 1 2 . 5 6 C lJ  5 1  . 5 2 5 2 . 9  ll . l! 1 6 •  .0" .  l l!9lHl 
8 . 9 6 1  2 8 . 3 a 2 5 . n  J a 5 . l 1 2 .  e . a  - 1 3  . •  (. 4 . �  5 9 . 6  2 5  3 .  9 .0" . 9 1 6 3 " .  1 9 6 1 a 
1! . 9 2 1  2 a . 2 6 2 5 . 7 4 3 9 6 .  9 6 .  - a . 5  - 1  • .  3 6 3 . 5  • 9 .  7 2 5 6  . •  8 . .0 1 6 3  .0 . 8 9 9 9 9  
.e . a o  2 7 . 9 6 2 5 . 0  4 96 .  5 • .  - 1 . 5 - l 5 .  5 6 2 . 5  . a .  5 2 & 2  . •  9 . 8 1 6 6  8 . 9 5 1 9 9 
a . 7 6 . 2 7 . 5 2 2 S . l! i  4 98 . 2 2 .  - 3 . 5  - I  7 .  4 G a . s  4 6 . 6  2 6 6 . 9  9 . 8 1 6 8 8 . 8 2 8 7 8  
8 . 6 8 5  2 7 . 811 z � .  5 J  • t l .  - 6 .  - £ . 5  - 1 8 .  6 5 9 . 5  -' 5  . .( 2 7 9 . '3  9 . Il l  7 6  - 9 . 8 0 5 5 7  
9 . 6 1! 6  2 6 . Sl'! 2 3 . 89 o c  - 2 5 . - s  . a  - 2 s . 7 59 . .0" 0 . 3  2 7 3  . •  9 . .0 1 8 7  -.0" . 92 2 5 2  
8 . 5 2 8  2 6 .  1 2  2 2 . 8 9 4 8 8' . - 2 8 . - 5 . 9  - 2 4 . 2  � 9 . iJ  3 9 . 8  2 7 3  . •  JJ . 9 1 9 7 - 9 . 9 2 i l 3  

9 . 4 4 9  2 5 . 5 2 2 2 . � 9 i 8 6 .  - 1 1 .  - s . a  - z 4 .  7 5 9 . ll  3 9 . )  2 7 1 . A a . a 2 1 2  - a . 8 0 9 5 l 

9 . 3 7 8  2 4 . S a  Z B  . B 7  5 9 1  . 3 a . - 6 . 9  - 3 5 . 2  5 8 . 9 2 8 . a  2 6 6  . •  .8 . 8 2 3 4  a . 8 2 8 9 a  
a . 2 9 l  2 3 . 3 2 l 7 .  1 5  7 1  7 .  9 8 . - 7 .  s - s  1 .  8 5 6 . 5  l 3 .  8 .? 6 2 . '3  8 . 9 2 6 3  8 . 2 6 1 8 9 

8 . 2 1 3 1 '3 .  3 6 1 2 .  9 5 a a 2 . l 6 5 . - 1 8 .  a - 6 5 . 8 > • . a  - 1 . a 2 5 8  . .4 9 . 9 3 7 9 8 . a a 7 5 9  
a .  1 7 3 l 6 .  3 2  l l  . 5 6  7 < 9 .  1 6 6 .  - l 3 .  9 - 6 .0" . 9  5 9 . 9  2 .  l 2 5 7  . •  .e . r H 7 7  9 . 8 7 7 a 6 

8 .  l 3 .  1 3 .  1 a l a . S J 5 9 7 . 1 •  5 .  - 1 6 .  a - 0 . 5  1. 7 . IJ 1 5 .  5 2 5 6  . •  8 . 8 6 9 9  8 . a 6 0 2 4  

9 . 8 9 •  1 J1 . 7 2 9 . 7 9 3 5 5 . 1 79 .  - 2 9 . 5 - 3 3 . 4  4 2 .  5 2 9 . 6 2 4.. ( .  4 a . a 7 Ja a . 9 6 ) 9 1  

8 . 8 5 5  9 . 9 8 9 .  7 4  1 1 9 .  l 7 1  . - 2 S . a  - 2 a . •  2 8 . 8 J C 6 2 1  2 .  9 9 . 0 7 5 7 8 . 8 6 2 9 a  

8 . 8 1 6 9 .  7 <  9 . 7 3  2 5 .  4 7 .  - 2 9 . 8  - 2 9 . 2  3 4 . s 3 3 . a  2JJa . 4  8 . 9 7 5 •  8 . 8 1 7 3 5  

B .O.S E O  ON O P / O R PS A N D  T H E TA 
R / R w  P t  P •  V t  V a  O T t  O T •  T t  T s  T H E TA O S  C < p � q l n )  

p s t a  p s 1 a f t / 5 & (  f t / s e c d o g  d e g  d e g  d e g  dog B t u / l bmR l bm / s e c  

8 .  9 6 1  2 a . !' 7 2 5 . 9 2  3 9 9 . 1 1 5 .  9 . 8  - 1 • . 3  6 • .  8 A 9 . 7  :? 5 3 . � � . .0" 1 5 8  e . I l JJ t e  

9 . 9 2 1 2 7 .  8 I 2 5 .  7 '  3 6  l . B B .  - e .  5 - 1 2 . 9  6 3 . 5  5 2 . 8 2 5 6  . •  9' . .0' 1 7 � a . s e : s 6 

8 . 8 4 3  2 7 . 3 9 2 5 . 4 3 3 6 .8 . • a .  - I  . 5 - 1 2 . 5  6 2 . 5  5 l . 5 2 6 2  . •  8 . l H B JJ  ll . 6 i S8 3  

8 . 7 6 4  2 7 . 3 2 2 5 . 8 4 3 9 Z .  2 2 .  - 3 . 5  - 1 6 .  3 6 JJ . 5  1. 7 . 7 2 6 6 . 9  9 . 8 1 7 3 0 . 2 1 9 9 8  

9 . 6 8 5  2 7 . 3 2  2 C  5 3  0 5 .  - 6 .  - • .  5 - 2 .0 .  J 5 9 . 5  .C J . 7  2 7
J
J .  9 8 . ll l 6 a  -8 . 985 9 1  

8 .  6 ll 6  2 7 . 1 2  z J .  a e  0 7 .  - 2 8 .  - 5 . 8 - z c e  5 9 . ll  4 8  . .0" 2 7 3 . 4  8 . 8 1 7 1  - S . SZ I. tJ Z  

8 . 5 2 8  2 5 . 5 3  2 2 . 8 9 • 3 7 . - 2 6 . - 5 . 8 - 2 8 . 9  5 9 . 8 0 . 1  2 7 3  . •  8 . 8 2 1 2  - 9 . 82 1 8 3 

e . « s 2 6 . 5 7 Z Z . 2 9 5 5 2 . - 1 3 . - 5 . 9 - 3 8 .  4 5 9  . ll  3 3 . 6  2 7 1  . 4 ll . 8 1 B S  - 8  . ll l l ll 4  

JJ . 3 78 2 5 . a 2 2 8 . ll 7  7 .0" 2 . 4 5 .  - 6 . 8  - • 7 . 2  5 8 . 8  1 6 . 8  2 6 6 . 4  " . .6 1 7 < 9 . 8 3 5 3 1  

.0 . 2 9 1  2 C a 2 1 7 .  l 5 7 8 3 .  9 8 . - 7 . 5  - 5 9 . 3 5 6 . 5  4 . 7  2 6 2 . 9  ll . 92 2J! JJ . e6 7 9JJ 

8 . 2 1 3  1 8 . 9 9 1 2 . 9 5 7 8 3 . 1 6 1 . - 1 e .  a - 6 3 . 3 5 C JJ  8 .  7 2 5 8 . 4  JJ . fi 3 9 2  8 . a 8 5 JJ 9 

8 .  1 7 3 1 4 . 6.8 1 1 .  5 6  6 1 3 .  1 3 a . - 1 3 . 8  - • 5 . 9  5 8 . JJ  1 7 .  l zs 7 . ..  8 . 8 5 5 •  Jl . 8 6 2 5 l 

8 .  l ] .  1 2 . 2 2 1 8 .  5 3  • s a . 1 1  9 .  - 1 5 .  a - 3 7 . 8  A 7 . a 2 6 . 9 2 5 6  . •  8 . 8 6 6 1 8 . 8 < 8 1 9  

8 . 8 9 4  1 8 . ] 8  9 . 7 9 2 8 7 . 1 3 8 .  - 2 9 . 5  - 2 8 . 9 • 2 . 5 H . l  2 H  . •  8 . 8 7 5 2 JJ .  S 5 1 1 3 
8 . 8 5 5  9 . 8 2 9 . H  6 2 . 9 6 .  - 2 5 . 8  - 2  6 .  1 38 • .0" 3 6 . 9 2 1 2 . 9  il . il 7 6 8  8 . 8 3 5 1 6 

B A S E D  O N  O I F ER H T I A L  EOUAT ! O N  
R / R ""  P t  P •  V t  Va O T t  o r .  T t  T •  T H E T A  O S  G ( p s q t n >  

p s  1 a p s i a f t / s e c  f t. / s e c  d o g  d e g  F dog deg deg B t. u / l bmit l b0'1 / s e c  

8 . 9 aJ! 2 8 . 3 2 2 5 . 98 381 . 1 1  7 .  .e- . a  - 1 ] .  2 6 4 . .0"  5 1!'.  8 2 5 2 . 9  8 . 8 1 6 4  a .  1 1  1 6 •  

S . 9 6 1  2 a . 3 8 2 5 . 8 1  ) 9 C  l l .C .  a . s  - t e e 6 4 . 9 5JJ . e 2 5 3 . 9 8 . 8 1 5 3 a .  1 8 8 3 1  

S . 9 2 l 2 a . 2 6  2 5 . 6 1  4 8 6 . 9 8 . - a . 5 - t S . S' 6 3 . 5  4 9 . 9  :? 5 6 . 1.  8 . ll 1 6 3 8 .  a n n  

8 .  8 0  2 7 . 9 6 2 5 .  1 6  
.
• 2 8 .  5 7 .  - I .  5 - 1 7 . 8  6 2 . 5 A 7 .  B 2 6 2  . •  li . J! l 6 6  S . IJ S � 4 5  

8 . 7 6 4 2 7 . 5 2 2 ' .  6 ]  .. ' 1 .  2 C - 3 . 5  - 1 9 .  7 6ll . S  " • .  3 2 6 6 . 9 8 . 8 1 6 8 9 . 9 2 2 2 1  

2 . 6 8 5  2 7 .  i18 2 • .  1! 2  4 5 3 .  - 7 .  - c 5 - 2 1 .  6 5 9 . 5  .4 2 . 4  2 78 . '3  8 . 1! 1 7 6 -S . SU6£f4 

8 .  6 8 6  2 6 . 5 D 2 3 .  3 8 4 7 4 . - 2 8 .  - 5 . 8  - 2 3 .  7 5 9 . 8  • s .  3 2 7 3 . 4 8 . !1 1 8 7 - a . 8 Z i 2 3  

8 . 5 2 8  2 6 .  1 2 2 2 .  3 9  5 1 7 .  - 3 8 . - 5 . 8  - 2  7 .  4 5 9 . 8 3 6 . 6  2 7 3 . 4  9 . lJ l 9 7  - S . S 2 5 6 l 

8 . .. 4 9 2 5 . 5 2 2 1 . l 7 5 6 9 . - l 3 .  - 5 . e  - 3 2 . 9'  5 9 . 8  3 2  . lJ  2 7 1  . 4 S . 82 1 2  - 8 . 9 1 8 8 4  

8 . 3 7 8 2 4 . 5 8 1 9 . 58 6 3 lJ .  4!1 . · 6 . S  - 3 9 . 2  5 8 . a 2 4 . a  c 6 6 . 4  8 . 8 2 3 4  0 . 8 3 9 2 7  

8 . 2 9 1  2 3 . 3 2 1 7 .  l >l  7 28 . 9 8 . - 7 . 5  - 5  l . 3 5 6 . 5 1 2 .  7 2 6 2 . 9 S . B' 2 6 3 9' . 9' 6 1 2 2 
9 . 2 1 3  1 9 . 3 6  1 3 .  9 6  7 2 7 . I SS .  - l 8 . lJ  - : 5 . 8  5 4 . 8  8 . 2  2 5 8 . 4  8 . Jl 3 7 9 a . lJ 8 3 7 6 

lJ .  1 7 3 1 6 . 3 2 1 2 . 3 2 6 7 1  . 1 5 9 .  - 1 3 . 9  - 5 2 . 3  5 8 . 8 1 11'. 7 2 5 7 . 4  8 . 8 4 7 7  8 . 8 7 3 8 8  

9 . 1 3 '  1 3 .  1 8  1 8 . 9 3 5 4 8 . ! 3 3 .  - 1 6 .  8 - • z . s  n . a  2 8 . 5  2 5 6 . 4  8 . 9 6 8 9  9 . 8 5 6 78 
0 . 8 � 4  1 " .  7 2  1 8 . ll 6 2 9 8 . 1 4 3 .  - 2 0 . 5  - 2 9 . 6  4 2 .  5 J J . '  2 4 4 . .1 9 . 8 7 3>1 9 . 0 5 4 6 6  

9 . 8 5 5  9 . 9 8  9 . 7 9 llllJ .  1 5 4 .  - 2 5 . 8 · 2 7 . S  3 8 . J  3 5 . 2  2 !  2 .  9 .0 . 9 7 5 7  9 .  a 5 7 Z Z  

8 . 8 1 6  9 .  7 4 9 . 7 3 2 5 .  4 7 .  - 2 9 . 8  - 2 9 . 2  H . a 3 3 . a  2 fJ B . J  8 . 87 5 •  2 . 8 1 7 3 5  



Tab l e  3 ( C on t inued) 

Te•t NO.  1 1 5 7  � - 1  � N • I 7  P at ii • 1 4 . Z 9 PI I a  P 1 n 1 e t • 3 1 . 8 !' ps I a  T l n l et • 6 7 . B  d•g . F 

G t n • 9' . 1 Z 4 1 l b m / � e c  Gou t • 0' .  1 9' 1  ':1 l b m / s ., c G P o u t • 8 . 8 8 1 2  l b m / 5 e c  G O ou t. • 9' . \ JJ S J  l b m / � e c  
E t n •  9 . 1 3 Z E +D2 B t. u / 5 o c E o u t •  9 . 1 2 8 E • 8' 2 B t u / s e c  O P o u t •  ll .  l ll 2 E • ll 2  

BAS E D  ON 
R / R ,.  

B .  9 8.1! 
.1! . 9 6 1 

8 . 9 2 1 

1! . 8 0  

s .  7 6 .  

8 .  6 8 5  

a . 6 ll 6  

8 . 5 2 8  
fJ . 4 4 '3  

B .  3 7 8 

8 . 2 9 1  
8 . 2 1 3  

a .  1 7 3 
a .  1 J .c 
9 . JJ 9 .(  

8 . 8 5 5  

.1! . 8 1 6  

B A S E D  0� 
R / R w  

8 . 9 6 1  
8 . 9 2 1 

ll . B O  

8 .  7 6 4.  
.8 . 6 8 5  

8 . G .tl'6 

8 . 5 2 8  
.9' . <1 4 9 
8 . 3 7 8 
8 . 2 9 1 

8 . 2 1 3 
ll .  1 7 3 
i! . l H  
.1! . .1! 9 4  
s . as s  

BAS E D  
R / R w  

8 . 9 8 .1!  
9" . 9 6 1 
B .  9 2 1  

ll .  8 4 3  
8 . 7 6 4 
8 . 6 8 5 
0 .  6 8 6  
8 . 5 2 8  
0' . 4 4 9 

l! . 3 7 l! 

l! . Z 9 1  

0 . 2 1 3  
B .  1 7 3  
H .  1 3 4 

ll . ll'H 
i! . l! 5 S  
8 . 8 1 6  

ON 

OS • il .  2 8 6 E - ll 2  B t u / R . s e c  
D E L TA T H E TA •  - 2 . 9  O E G  

P T  P S  A N D  T H E TA 
P t  p ,  V t  Vo O T t  

p s I a p s I  a f t. / s e c  f. t / s e c  d e g  

2 1 . .  9 1 8 . 8 5 • 5 6 . 1 5 6 . .1! . .1! 
2 1  . 5 7  1 8 . 8 9 •G 1 . 1 •  9 .  - lJ . S  

2 1  . s 1 1 8 . 8 2  H i! .  1 2 5 .  - 1 . s 
2 9 . 9 1  1 8 .  2 9  0 9 . a • .  - 3 . 5  
2 8 . 2 7  1 7 . H  .( 8  1 .  • t  . - 6  . .1! 
1 9 .  5 1  1 7  . 8 9  .. 8 1 . a . - 8 . 5  
1 8 .  7 3  I 6 .  4 I 4. 7 ' L  - 2 6 . - 1 1 . a 
l l .  8 3 1 5 . 8 8 " " a .  - 1 . - 1 c a 
1 6 .  8 1  1 5 . 3 8 • s 3 . Z ll .  - 1 6  . ll  
1 5 . 8 9 1 .t .  6 8  3 6 7 .  3 1 . - Zll . ll  
1 5 . 8 9 1 4 . � 6 J I S .  J Z . - z ' .  e 
\ .C , .( l  1 3 . 8 9 z c a .  2 1  . - 2 8 . 8  
l 4 . J!' 9 1 J .  7 J  2 8 8 . l L  - JB' . 9 

1 J .  8 3 1 J .  5 9  l iS .  6 .  - 3 2 . 9  

1 3 .  6 1 1 3 . •  9 1 z 1 . 2 .  - J J . ll  

1 3 .  4 5 1 J .  4 2  6 2 .  ll .  - 3 5 . 8 

1 J .  3 5  1 3 . 3 4 H .  ll .  - 3 5 . 5  

O P / O R P S  A N D  T H E TA 
P t  P o  V t  Va OTt 

p s  1 a p 'J t �  f t / s e c  f t / s e c  d e g  

1 9 .  1 5 1 B .  8 9  1 0 .  . a .  - 8 . 5  
2 1 . 0  1 8 . 8 l 4 6 7 .  1 2 4 .  - 1  . 5 
2 1 . 0  1 a .  2 9  5 � 8 .  9 1 . - 3 . 5  
2 8 . 8 6 1 7 .  7 "  5 3 8 . 4 5 .  - 6 . 8  
Z ll . 1 7 1 7 . 1! 9 5 3 7 . B .  - 8 . 5  
1 8 .  B 6 1 6 .  < 1  4 9 1  . - 2  7 .  - 1 1 . ll  
1 7 .  8 J 1 5 .  B 8 4 4 8 . - 1  . - 1 4 . 8  

1 7 .  JJ 7  1 5 . 3 8 O S .  2 2 .  - 1 6  •. ll 
1 5 .  9 5  1 ' .  6 8  3 7 6 . 3 2 .  - 2 JJ . 8  
1 5 . 8 1 1 4 .  Z 6  2 9 5 . 38 . -z ' - a  

1 4 . 3 8 1 3 .  8 9  2 4 9' .  2 1  . - 2 8 . 8  
1 4 . 8 7 1 3 .  7 3  2 8 2 . 1 4 .  - 3.1! . 8 
1 3 . 8 ll 1 3 . 5 9  1 6 8 . 5 .  - 3 2 . 8  
1 3 . 6 8 1 3 . 4 9 . 1 1 5 .  2 .  - 3 3 . 9" 
1 3 . 0  1 3 . 4 2 as . ll .  - 3 5 . 8  

O I F E � N T I A L  E Q UA T I O N  
P t  P •  'Jt v. O T t  

p s : a p s t a  f t / :s e c  f t / s e c  d e g  

2 1 . .  9 1 8 . 8.1! 4 6.1! .  1 5 8 .  .1! . 8  

2 1 .  s 7 1 8 .  7 1  0 9 . 1 5 .( .  - ll .  5 
2 1 .  5 1  1 8 .  ' 9  4 9 9 . 1 3 3 .  - 1 .  5 
2 !1 . 9 1  1 8 . 8 2 5 8' 4 . 8 8 .  - 3 . 5  
Z lJ . 2 7 1 7 . 5 8 585 . o .  - 6 . 8  

1 9 .  5 1  1 6 . 9 5 4 9 5 .  8 .  - 8 . 5  
1 8 . 7 3  1 6 . 3 8 4 8 1 . - 2 6 . - 1 1 . ll  
1 7 .  8 3  1 5 .  s 1 4 5 6 . - 1 . - t A .  g 
1 6 .  8 1 1 5 . 2 5 4 1 ll .  2 1 . - 1 6  . .1! 
1 5 .  8 9  1 4 .  7 5  3 5 6 .  3 1  . - Z ll . ll  

1 5 . 8 9 1 . .  3 1 3 i1 8 . 3 1 . - 2 4 . 0 

l 4 .  4 I 1 3 . 9 2 2 4 2 .  2 1  . - 2 8 . 0  
1 4 . 1! 9 1 3 . 7 5 2 8 3 . l C  - J s .  e 
1 3 .  8 3 1 3 .  6 1  1 6 5 . s .  - 3 2 . H 
1 3 .  6 1  1 3 .  4 9  1 2 1  . 2 .  - 3 3 . a  

1 3 .  4 5 1 3 . 4 1 7 3 .  II. - 3 5 . 0  

1 3 .  3 5  1 3 .  3 4  3 4 .  1! .  - 3 5 . 5  

O S P  • 8 . 2 6 7 E - ll2 

O T s  · T t  
d o g  F dog 

- 1 9  . •  6 7  . .1! 
- ( il . B  6 6 . 5  

- 2 1 . 2 o S . 5  
- ( 3 .  1 6 3 . 5  
- 2 5 . 4  6 1  . a  

- 2 7 . 8  5 8 . 5  
- � 0' .  I 5 6 . 8  
- 1 .0' . 7  5 3 . 8  

- 2 9 . 6 5 1  . .1! 
- J I . 3 0 . 8  
- : 2 .  1 • 3 .  fJ 
- J 3 .  1 3 9  . .1! 

- 3 3 . 6 3 7 . 8 

- 3  4 .  .. 3 5 . 8 

- 3 l . Z  3 L i!  

- : s .  J 3 2 . 8 
- 3 5 . 6  3 1  . 5 

o r .  T t  
d e g  d o g  

- 2 . 5  6 6 . 5  
- 28 . 9  6 5 . 5  
- 2 & . 7  & 3 . 5  
- 2 9 . 5  6 1 . ll  
- 3 2 . 5  5 8 . 5  
- 3  1 . 1 5 6 . 1! 
- 3 9 . 7  5 3 . 8  
- J  1 . 8 5 1  . .I! 
- J 1 .  8 A. 7 . B  
- J 1 .  3 ' 3 . 9  

- 3 2 . 8 3 9 . 8  
- 3 3 . 4  3 7 . 8  
- H . l  3 5 . 1!  
- J  4 .  1 34 . .1! 
- 3 5 . 5  3 2 . 8 

o r .  T t  
d e g  d eg 

- 1 9 .  7 6 7 . .1! 
- 2  1 . 5 6 6 . 5  
- 2 3 . 7  6 5 . 5  
- 2 5 . 3  6 3 . 5 
- 2  7 .  4 6 1  . ll  
- 2 8 . 9  5 8 . 5  
- 3 S . 3  s o  . a  

- 3 1  . 3 53 . ll  

- 2 8 . IJ  5 1 .  g 

- : ll . 7  4 7 . 0  
- 3  I . 6 0 . 8  
- 3 2 . 9  3 9 . l!  

- 3 3 . 4  J 7 . il  
- 3 4 . 3  3 5 . 8  

- H .  2 3 4 . .1!  
- 3 5 . 4 3 2  . I!  
- 3 5 . 6  3 1 . 5 

B t. u / s e <: E O o u t. •  ll .  1 J Z E  • a 2 B t u / s e c  
B t u / R . s e c  O S O •  a .  o 6 E - lJ 2  B t u / R . � ec 

T •  T H E TA O S  G t p � q \ n )  
d o g  deg B t u / l b mR l b m / s e c  

0 . 6  2 5 1 .  1 .1! . .1!2 6 9 il . l .I! S H  

0 . 1!  2 5 2 . 1 ll . ll 2 6 •  ll . l ii U G 
• 5 . a  2 5 5 . 1  li . J Z o l  .1! . 2 8 7 1 5  

0 . 9  2 6 .1! .  1 1! . 8 2 7 2  .Z . 2 S 6 8 4  

" 1 .  6 2 6 5 .  1 .1! . 8 2 8 1 8 . 8 2 7 3 7  

3 9 . 2  2 6 9 . 1 8 . 8'2 '3 6  il . sil • 8 s  

3 6 . 9 2 7 3 . 1 9' . .0 1 1 2  - S' . 8 1 6 1 H  
3 6 .  3 2 7 ll .  1 8 . .0 3 -:! Z  - fJ . Z f!fH 7  
3 7 . .( 2 6  7 .  1 8 . 8 3 & 3  ll .  8 1  1 7 9  
3 5 .  7 2 6 5 .  1 8 . 9' 3 8 :3  8 . 2 ! 7 4 9  

J .( . CJ  2 6 4 . I 1! . .0 3 '3 9  ll .  2 1 7 2 8  
3 3 . 9  2 6 5 . 1 8 . 8 4 1 2 a . 8 1 1 2 1  

3 3 . 4  2 6 6 . 1 g .  s" 1 a iJ. � 8 7  A C 

3 2 . 6  2 6 8 . 1 8 . .0 4 2 1  S . 8 U 2 9 J  

3 2 . 8  2 6 9 . 1 ff . � 4 2 7 s .  eae s a  
3 1 . 7 2 7 ff .  I a . 3 4 2 5  -lJ . 8ll�ll6 
3 1  . •  2 7 8 .  1 8 . s • 2 a  - 8 . 8 8.0 8 3  

T s  T H E TA O S  C C p � q l n )  
F d e 9  d o g  Es t u / l b mR I b m / s e c  

6 4 . 5  2 5 2 . 1 11 . 1!3 4 6  J! . i! 3 2 1 ll 

4 6 .  1 2 5 5 . 1  0' . .3 2 6 2  JJ . ll 8 6 5 7  
. I! .  3 2 6 JJ .  1 8 . .0 2 5 5  a . a 6 Z 2 2  
3 7 .  5 2 0 , .  1 8 . 8 2 6 2  8 . 8 3 8 3 7 

3 4 . 5  2 6 9 . 1  8 . 2 2 7 3 9 . 9BS .C 7  

3 5 . 9  2 7 3 . 1 I! . ll 3 ll 8  - I!  . 8 1  G s a  

3 6 . 3  u e  . 1  8 . 8 3 3 2  - 8 . 88 8 4 6 

3 5 . 2  2 6  7 .  1 8 . 8 3 5 2  8 . 9 1 2 7 7  

3 5 . 2  2 6 5 .  1 ll . S J S S  8 .  a 1 7 9 ll  
3 5 . 7  2 6 " . 1 0' . 8 4 0' 3 8 . 0 1 6 4 3  
3 .4 . 2  2 6 5 . 1 8' . .5 4 1 3  ll . 8 1 U 8 6  

3 3 . 6  2 6 6 . 1 .9 . 8 4 1 9 S . SS 7 2 tJ  
3 2 . 9  2 6 8 . 1 1! . 8 4 2 2 e . B B Z H  
3 2 . 9  2 6 9 . I 8 . l H 2 7  .1! .  i!fJ 8 9 3  
3 1  . 5 2 7 il' .  1 8 . 1! 4 2 4  -.1! . 81!887 

To T H E TA O S  G t p 5 q t n >  
d e g  d e g  B t u / l b m R  I b m / s e c  

H . 3  2 5  1 .  1 8 . 8 2 6 9 B .  1 .1! 9 5 5  

4 5 . 5  2 5 2 . 1 8 . 0 2 6 4  8 . � 8 7 9 5  
0 . 3  2 5 5 . 1 a . J! 2 6 1  9 . 8 '9 1 4 7  

4 1 . 7 2 6 8 .  1 a .  3 2 7 2  f! . 8 5 9 2 3  

3 9 . 6 2 6 5 . 1 U . l! Z 8 1 8 . 8 2 8 < 5 
3 8 . 1 2 6 9 .  1 a . a � 9 6  ll . 8J J %  
3 6 . 7  2 7 3 . 1 J . ll 3 1 2  - 8 . 0 1 6 1 2  

3 5 . 7  2 7 8 .  1 3 . 2 3 3 2  - a . eao ' 7  

3 7 . ll  2 6  7 .  1 1! . 0 3 6 3  .a .  e i 1 9  A 

3 6 . 3  2 6  5 .  I iJ . a J 8 3  il . ll 1 7 1! 3  
3 5 . 4  z r, c  1 8 . 0 3 9 9  8 . 0 1 6 8 8 

3 4 .  1 26 5 .  1 8 . 0 4 1 2  J . ll 1 0 9 7  
3 3 . 6  2 6 6 . 1 l! . 8 4 1 8  l:J . 8 fl7 :! 2 

3 2 . 7 2 6 8 . 1 a .  i H Z I  9 . 082 8 3 
3 2 . 8  2 6 9 . 1 8 . f JJ,  z 7 e . o ggg g 

3 1 .  6 2 7 a .  1 9 . .0 4 2 5  -J . 9l!9IT6 

3 1 . '  2 7 1! .  1 1! . 8 4 2 8 - 1! . 8lllll!3 

1 4 8  



1 4 9  

Table  3 (Continued) 

Te•t H O .  1 1 6 5 H • 2  N N • 1 7  P a h • 1 L  1 2  p s I  a P t n 1 e t • 3 5 . 9 7 p s l a  T f n l et • 6.9' . 5  deg . F 

� l n • .0' . 1 lJ 1 5  l bm / s e c  C o u t • B  . sc;H a  1 b m / s e c  C" P o u t • S . if 9 3 '  l bm / s e c  G O o u t • S . S9 9 8  l bm / s e c  
E t n •  S . 1 2 7 E + B'2 B t u / se c  E ou t •  9' .  1 1  S E ·qJ z  B r. u / 5 e c  O P ou t •  a .  1 1 6 E  • a 2  B t u / s e c  E Oou t •  S . l 2 4 E + a 2  S t u / s e c  

o s - J . 2 2 8 E · II 2  B t. u / R . O S P •  � . 2 7 2 ( · 8 2  B t u / R . s e c  o s o - .e . 3 H E - a z  B t u / R . s e c  
D E L TA T H E TA •  8 . 9  D E C  

BAS E D  ON P T  P S A N D  T H E TA 
R / R w  P t  P s  V t  "• O T t  O T s  T t  T s  T H E TA O S  � < p s q t n )  

p s I D p s  I a  f t / 't e c  f t / s e c  d e g  d e g  � eg deg deg B t u / l bmR l b m / s e c  

a .  9 a l!  2 a . B6 2 5 . 6 9 3 8 8 .  I I a .  .0' . 11  - 1 3 . a 68 . 5  .17 .  5 2 5 3 . 9  B . lJ 1 7a S' . liJ.t l .(  
a .  9 &  1 2 a .  1 a 2 5 . 6 6 3 9 2 . 1 8 6 .  8 . a  - 1 3 .  7 b 9" . 5  .( 6 . 8  2 5  4 .  9 .8' • .9 1 6 7 B .  l Z H l 8  

8 . 9 2 1  2 7 . 9 8 25 . •  7 3 9 6 . 9 2 . " · "  · 1 3 .  a 6 8 . 5  . 6 . 7  2 5 6 . 9  8 . J 1 7 2 8 . 88 6 9 5  
e .  8 4 3  2 7  . •  2 2 4 . 9 6 4 9 2 . 58 . - 2 . 5  - 1 6 .  2 S R . l!  H . 3  2 6 2 . 9  8 . .9 1 7 5  8 . 9 4 6 6 2  
u .  7 6  4 2 6 .  7 8  2 4 . 3 8 A C .( , a .  - L  S - I  8 .  I S G . a  4 2  . •  2 6 8 . 9  8 . 8 1 8 2  8 . �8 7 1 7  
8 . 6 9 5  2 6 . 3lJ 2 3 . 9 • U H . - 2 u . - 6 . 5  - 2 8 .  1 5 4 . 8  4 9 . '  2 7 2 . 9  8 . 8 1 8 5 - 9' . 2' 1 8 2 .(  
I! .  6 8 6  2 5 . 9 1! 2 3 . 5 7 H J 2 . - • 1 .  - 7  . I!  - 28 .  6 5 3 . 5  3 9 . 9  2 7 5 . 9  1! . 1! 1 9 3  -8 . 83 6 6 2  
8 . 5 � 8  2 5 . 5 2  2 2 . 5 8 • 6 7 .  · 2 4 . - 6 . 9 · 2 4 . 2 5 4 . 5 3 6 . 3  2 7 2 . 9  9 . 8 2 8 8  -8 . lJ I 9 9 8  
£1' . .( 4 9  2 • . 8 e 2 1 . 7 7 .t 8 I . 1 .  - 5 . 5  - 2 .A . a S S . 9'  3 5 .  7 2 6 9 . 9  8 .  9 2 2 7 8 . aana 1 
8 . 3 7 8 2 ' - 8 2 1 9 . 98 5 6 5 . 6 1  . - 6 . 5  - 3 3  . •  5 3 . 5 2 6 . 6  2 6 3 . 9  8 . 82 H  e . .e 4 6 .t a  
0' .  2 9 I 2 2 . 5 • 1 6 . 98 6 8 5 .  I 2 2 .  - 9 . 5  - • 9 . 8 5 8 . 5  1 8 . 2  2 5 9 . 9  S . Z 2 7 .&  l! . € 8 2 3 7  

B .  2 I 3 1 8 .  2 '  1 2 .  7 I 7 5 : . 1 7 5 .  - ! J . S - 6 3 . 6  4 6 . 0'  - 3 . 6  2 5 6 . 9  9 . 8 3 '3 8  9' . 2 9 1 4 5 
a .  1 7 3 I 5 .  2 4 I 1 . 3 5  6 7 7 .  1 79 . - 1 6 . 8  - 5 6 . 6  ' • .  9 3 . •  2 5 5 . 9  9 . .0 5 1 2  8 . 2 7 & 2 6  
8 . 1 3 4 I 2 .  2 6  1 8 . 78 4. 5 7 .  I t  1 . - 1 9 . 8  - 3 8  . s  l 1 . B  2 2 . 8 2 5 2 . 9  9' . 9 6 -t 7  9 . �5 8 � 8  
8 . 0 9 •  . 1 8 . 5 2 9 . 9 5 2 7 2 .  1 3 9 . · 2 3  . 8  - J a . e  3 7 . 3  2 9 . 2  2 a .  9 8 . 8 7 3 2  fJ . iJ5 3 0 6  
0 . 8 5 5  1 9 .  I 5 IJ J .  I 3 3 I .  5 8 . · 2 6 . 8  - 2 6 . 4 H . e  3 3 . &  2 £1 7 . 9  £J . D 7 l 2  3 . 0 2 2 3 9  
a . .e t 6  1 8 . JI6 9 . 7 9 9 9 .  1 8 6 .  - 2 9 . 8 - 3 2 . 7  3 I .  8 2 7 . 3  2 8 7 . 9 8 . 8 7 3 .4  S' . 8 7 B 2 6  

BASE D ON O P / O R  P S  A N D  T H E TA 
R / R w P t P s  V t  V a  O T t  DT s T t Ts T H E TA O S  C { p � q l n )  

p s l a  p s , .  f t / s e c  f t / s e c  deg d e g  d e g  d e g  d e g  B t. u / l b rn R  1 b m / � e c  

jj .  9 &  1 2 7 .  • a 2 5 . & 6 3 3 6 .  9 1 . " · "  - I  0' .  I 6 8 . 5  5 8'  . •  2 5  4 .  9 8 . 8 1 8 5  8 . 8 8 5 5 7  
0 . 9 2 1  2 0  . •  6 2 5 . 0  08 . 1 88 .  8 . 8  - 1 6 .  3 6 U . 5  ' "  2 2 5 0 . 9  0 . 8 1 611 a . g 9 , 9 9 

8 . 8 0 2 e .  a s  2 4 . 9 6 4 4 8 .  5 6 .  - z .  s - 1 9  . •  5 8 . 8  " .  1 2 6 2 . 9  8 . 8 1 5 9  3 . Z 5 2 2 1  
0 . 7 6 •  2 6 . 9 7  2 • . 3 a " 9 .  8 .  - • .  s · 1 9 .  I 5 6 . 0'  4 1 . 4 2 & 8 . 9  8 . 8 1 7 7  " . 88 7 4 5 
8 . 6 6 5 2 5 . 7 s 2 3 . 9 •  . 3 5 7 .  - 1  a .  - 6 . 5  · I  7 .  I 5 4 . a .t 3  . .t 2 7 2 . 9  8 . 8" ! 9 '3  - 8 . 8 1 6 � 1  

8 .  6 Z 6  2 & .  58 2 3 . 5 7  .t 4 8 .  - H . - 7  . a  - 2 3 . 9  5 3 . 5  3 6 . 6  2 7 5 . 9  0' . 0 1 7 7  - S' . € l l B 7 

8 . 5 2 8 2 5 . 6 8 2 2 . 58 .t 7 8 .  - 2 4  . - 6 . 8  - 2 5 . 1  5 • . 5  3 5  . •  2 7 2 . 9  B . .B 2 Z 3  - 8 . 8 2 8 5 8  
8 . ,  .. 9 2 5 . 6 9 2 1 . 7 7  5 3 5 . 1 .  - s . 5  - 2 9 . 3  5 5 . 8  3 1  . 2 2 6 9 . 9 8 .  0 2 J 5  8 . 809 9 1  
" .  3 7 JI  2 6 . 3  1 1 9 . 98 6 8  • .  7 3 .  - & . 5  - .4. 5 . 9  5 3 . 5  1 4 . 1  2 6 3 . 9  0 . 8 1 8 2  a . a s 7 e 9  

8 . 2 9 1 2 • . a 2 1 6 . 98 7 8 6 .  1 4 ll .  - 9 .  5 -6 z .  6 5 0' . 5  - 2 . 6 25 9 .  9 8 .  8 2,88 " .  89 7 1 6  
8 .  Z I J 1 8 . 7 9 1 2 .  7 1  7 8 1  . 1 8 2 .  - " . " - 6 7 . 5  • 6 . !1  - 7 . 5  2 5 6 . 9  " . 8 3 7 7 S' . 2'9 S S8' 
D .  1 7 3 I 3 .  8 8 1 1  . 3 5  5 6 3 . I •  2 .  - 1 & . 8 - o4 . L I .. .. .  8' I 5 .  9 ? 5 5 . 9 S . .£J5 7 6 a . S & 3 3 7  
B .  I J o4 I 2 .  0' 7 l £J . 7 S o4 J .£J .  1 3 2 . - 1 9 . 0 - 3 5 . 9 .t l  . 8  2 L I 2 5 2 . 9  .£J . .a 6 S 7  .B . 8 5 .t 8 9  
8 . 8 9 <  1 8 .  • a  9 . 9 5 2 • 2 .  1 2 4 . - 2 3 . 0'  - 2 9 . 2  3 7 . 8 38 . 8  2 .( 2 . 9  S . .fJ 7 U J  0 . 9 0 1 3  
lJ . S'5 5  1 9 . 3 8  1 8 .  1 3  9 6 .  1 8 2 .  - 2 6 . 8  - 2 9 . 5  3 •  . 8  39 . 5  2 8 7 . 9 8 . 8 7 2 7  8 . 87 8 3 7  

BA S E D  O N  0 1 F E R N T ! A L  EQUAT I ON 
R / R w  P t  P s  V t  V a  O T t  o r .  T t  r .  T H E TA O S  G ( p s q l n )  

p 5  1 a p .s l a  f t / 5 e c  f t / s e c  d e g  deg F d e g  F d e g  d e g  B t. u / l bmR l b m / � e c 

8 .  9 8 9  2 8 . 0' 6  2 5 . 2 9 " 1 .  1 1 9 .  9 . 8  - 1 5 . 2  68 . 5  4 5 . 3  2 5 3 . 9  .0' . 9 1 79 8 . !  1 1 3 1 
8 .  9 & I 2 8 .  1 8  2 5 .  I 9 • 2 9 .  I I 6 .  8 . Rf - 1 6  . •  68 . 5  ... ' .  1 25 • .  9 8 . 8 1 6 7 " .  1 8 8 0 

8 . 9 2 1  2 7 . 9 8 2 ' - 9 6  4 3 6 .  1 8 2 . a . 9  - 1 6 . 7  6 8 . 5  0 . 8  2 5 6 . 9  8 . 8 1 7 2  8 . 89 ' 3 7  

8 .  6 4 3  2 7 . • 2  2 4  . .1. 7  ' '  J .  5 5 .  - 2 . 5 - 1 9 .  1 5 8 . JI  ' l  . ' 2 6 2 . 9  ll . 8 1 7 5  B . 0'S 8 5 8  

jj .  7 6 4  2 6 . 7 8 2 3 .  9 Z  , .. 3 .  9 .  - 4 .  5 - 2 8 . 8  5 6  . .0' 3 9 . 7  2 6 8 . 9  O . Rf 1 8 2 8 . 88 7 7 5  

8 . 6 8 5 2 6 . 3 8 2 3 . 3 2 ' 5 6 .  - 2 3 . - 6 . 5  - 2 3 . 9  5 ' - 8 3 6 . 6  2 7 � . 9  8 . 0 1 8 5  - 8 . 82 0 2 1 

fi .  6 8 6  2 5 . 9 8 2 2 . 5 9 • a 3 .  - 5 0' .  - 7 .  8 - 2 6 .  6 5 3 . 5  3 3 . 9  2 7 5 . 9  8 . 8 1 9 3  - 0' . 9 4 2 78 
8 . 5 2 8  2 5 . 5 2  2 1 .  6 6  5 3 1 .  - 2 7 . - 6 . 8  - 2 9 . 6  5 ' - 5  3 8 . 9  2 7 2 . 9  8 . 8 2 8 8  - 8 . 2 2 2 1 2  
8 .  H 9  2 4 . 8 R U . JB 5 8 4 .  1 .  - 5 .  5 - 3 3 . 9  5 5 . 8  2 6 . 6  2 6 9 . 9  ll . 8 2 2 7  ll . ZSlJ9 4 
8 . 3 7ll 2 4 . 0' 2 I 8 .  6 8 6 5 J .  lB . - 6 . 5  - .t 2 .  I 5 3 . 5  I 7 .  9 2 6 3 . 9  8 . 8 2 4 4  8 . 8 S I Z 4  
8 .  Z 9 I 2 2 . 5 "  1 6 . 2 5 7 2 8 .  1 38 .  - 9 .  5 - 5 5 . 8  58 . 5  5 . 8  2 5 9 . 9  S' . Z 2 7 4  9 .  B'C 5 1 1 

8 . 2 1 3  · 1 8 .  2 4  1 3 .  2 6  7 1! 8 . 1 6 5 .  - l l . il'  - 5 8 . I 4 6 . 8  I . 9 2 5 6 . 9  8 . 8 3 9 8  a . lJ8 B B 3  
" .  1 7 3 I 5 .  2 4 I I .  88 6 3 3 . I 5 9 .  - 1 6 . JJ  - 5  I . 5 4 .. .  8 8 . 5  2 5 5 . 9  8 . 0 5 1 2  9' . 13' 7 5 2 1 

a .  1 3 • 1 2 .  2 6  1 8 . 6 8 • G il . 1 4  2 .  - 1 9 . 0 - : 8 . 3  4 1 . 8 2 1 .  7 2 5 2 . 9  8 . 86 < 7  J . 9 5 8 6 6  
8 . 8'9 4  1 .0' . 5 2  1 8 . 1 8 2 3 2 .  I 1 9 .  · 2 3 . 0  - 2 8 . 7  3 7 . 8  3 1 . 3  2 <� 2 . 9  " . l! 7 J 2  8 . 8 4 5 8 4  
8 . 8 5 5  1 8 .  1 s 9 .  9 2 9 2 .  1 7 3 . - 2 & . 8  - 2 9 . 2  3 4 . 8  38 . a 2 8 7 . 9 fJ . ll 7 4 2  9 . 06 5 7 1  
8 . 8 1 6  1 8 . 86 9 . 7 9 9 9 . 1 8 6 .  - 2 9 . 8  - 3 2 .  7 3 1 . 8 2 7 . 3  2 8 7 . 9  8 . 87 3 4  ll .  9 7 ll 2  & 



Tab l e  3 ( C on t inued) 

Ttut. HO . 1 1 6 6  H • 2  H H • I 1  P a tm • l .. . I Z  p • t a  P t n l et • 3 6 , .9'2 P ' l a  T t n l a t • 6S . 5  d e g . F 

C I n • ll .  l ll2ll I bm / s e c  G o u t • S' .  1 9' 2 4  l b m h s o c  G P o u t • 8 . 8 7 9 7  I bm /  :s e c  c=oou t • tl .  ! B I B  l b m / s e c  
E 1 n •  ll .  1 2 7 E • IJ 2  S t u h , e c  E' o u t •  s . t 2 7 E � u z  B ':. u / s e c  O P o u t •  z .  9 8 5 [ • ll l  

B A S E D ON 
R / R w  

ll .  9 e ll  

e .  9 6 1 

ll .  9 2 1 
9 . 8 0 
ll . 7 6 •  

S . 6 9 5 

0 .  6 11 6  
9 . 5 2 8 
e .  • .t 9  
9 . 3 7 9  

8 . 2 9 1  
9 . 2 1 3  
ll .  I 7 3 

li . I H 
ll . ll9 .  
ll . ll 5 5 

B . ll 1 6  

BA'; E' O  ON 
R. / R ""  

ll .  9 6 1  
8 . 9 2 1 

8 .  8 4 3  
s .  7 6 4  
8 . 6 8 5  

8 .  5 9 6  
8 . 5 2 8  
9 . 4 4 9 
11 . 3 7 8  
8 .  2 9 1  

9 . 2 1 3 
8 .  I 7 3  

9 . 1 3 4 
B . 9'9 4  
IJ . ll5 5  

BAS E D  O N  
R / R <w  

l! . 9 8 8  
l! .  9 6 1 

l! .  9 2 1  

ll .  8 4 3 
0 .  16 4 

s .  6 a s  
s .  6 !! 5  
8 . 5 2 8 
0 . 4 4 9 

B .  3 7 ll  

S . 2 9 1 
S . 2 1 3  
JJ .  I 7 3 

a .  1 3 4 
9 . 8 9 4  

B . ll S  5 

11 . 9 1 6  

O S •  li . 1 7 4 E - IJ 2 B t u / R . sec 
D E L TA T H E T A •  7 .  9 D E G  

P T  P S  A N D  T H E TA 

P t  P •  Vt v. O T t 
P 5 l a  p s i a f t / s e c  f t / s e c d eg 

2 7 . 9 B 2 5 . 6 6 3 7 2 .  I I  5 .  - .1. . 8'  
2 8 .  I ll  2 5 .  6 1  3 8  7 .  I I 2 .  - ·  . s  

2 8 . ll 6 2 5 . 5 5 3 9 ' .  9 2 . - 3 . 5  
2 7 . 5 2 2 5 . 2 5 38 • .  5 5 .  - 4 . 9 
2 7 .  1 2 2 4 . 6 9 H J 4 . 2 9 .  - 3 . 5  
2 6 . ' 6  2 C ll 9 . U H  • I .  - s . s 
2 5 . 7 4 2 3 . •  9 3 9 8 . - 2 S . - 8 . ll 
2 5 . ll 2  2 2 .  9 2  3 0 9 .  I .  - 9 . ll 
2 4 . 3 2 2 2 . 3 9 3 7 7 . 2 I .  - I I .  9 
2 3 . 3 2 2 1 . 6 6 3 5 5 . 3 2 . - l A .  0 

2 2  . .1. :'  2 I .  I 7 3 1 2 . H .  - I  7 .  Jl 
Z 1 . S fJ  2 9 . 6 4  2 6 3 .  I < .  - 2 9 . 9  
2 1  . li S  2 JI  . •  2 2 3 3 .  5 .  - 2 1  . 9 

.2a .  H 2 9 . 2 7 I 9 8 .  - 3 . - 2 2 . 5  
2 0 .  4 6 2 9 .  1 9  I 7 3 .  - 6 .  - 2  4 . ll  
2 ll . 2 2  2ll . l! 4 1 2  2 .  - I S .  - 2 4 . 5  
2 l!  . I H  1 9 . 9 9 I 9"4 . - 2  7 .  - 2 5 . 5 

O P / O R P S  A N D  T H E TA 
P t  P •  V t  v. OTt 

p s t a  p s l a  f t. / s e c  f t / :s e c  deg 

2 6 . 5 3 2 5 . 6 I Z H J .  6 9 .  - 4 . "  
2 7  . JJ 3  2 5 . 5 5 3 8 6 . 7 1 .  - 3 . 5  
2 7 . 7 9 2 5 . :? 5 3 9 8 . 5 7 . - l . f!  
2 7 . 6 3 2 4 . 6 9 4 J 3 .  3 2 . - 3 . 5  
2 6 .  a 1 z • . s �  " 3 1 .  I .  - s . a  
2 5 . 8 3 2 3 . 4 9 • liS . - 28 .  - a  . .a 
2 4 .  a 1 2 2 . 9 2  3 7 1 .  I .  - 9 . 8  
2 • . 2 5 2 2 . 3 9 3 7 I . 2ll . - I I .  8 
2 3 . I 4 2 I . 6 6  3 3 6 . 3ll . - I C 8  
2 2 .  I 3 2 I . I 7 2 7 5 . 3JJ . - I  7 .  9 
2 1  . 3 3  2 9 . 6 4  2 3 6 .  1 3 .  - 29 . 9  
2 s .  a 3 2;1 .  4 2 I 8 6 .  . . -2 1 . g 
Z H . S l  21 J. 2 7  I SS . - 2 .  - 2 2 . 5  
2 9 . 2 '  2 JJ . I JJ  l ll 7 . - 3 . -2 4 .  s 
2ll . I I  2 l! . ll 4  7 7 .  - 7 . - 2 • . s  

O I F E R H T I A L  EQUAT I O N  
P t  P •  V t  v .  O T t  

P 5 l  a p s  l a f t / :s e c  f t / se c  d e g  

2 7 . 9 8 2 5 . 7 9 3 6 ll .  I l l .  - • . ll  

2 8 . I S  2 5 .  7 1  3 7 8 . I l l! .  - 4 . S  
2 8  . l! 6 2 5 . 5 3  3 9 6 . 9 2 . - 3 . 5 

2 7 . 5 2 2 5 . I I  3 9 6 . 5 7 .  - 4 . 8  

2 7 . 1 2 2 • .  6 6  4 9 7 .  2 9 . - 3 . 5 

2 6 . ' 6 2 4 .  1 6  3 9 8 . I .  - s . a  
2 5 .  7 <  2 3 . 6 4 38 3 .  - 1 9 .  - B . l! 
2 5 . l! 2 2 3 . l l!  3 7 I . I .  - 9 . 9 
2 4 . 3 2 2 2 . 5 2 3 6 3 . 2 l! . - 1  1 .  a 

2 3 . 3 2 2 1 .  9 3  3 2 4 . 2 9 .  - 1  4 .  .a 
2 2 .  4 2 2 I . 3 7 2 8 5 . 3 I .  - 1 1 .  s 

2 1 . s a 2 9 . 8 5 2 2 9 . 1 3 . - 2 l! . l! 
2 I . liS 2 S . 6 2  1 9  3 .  . . -2 1 . 0 

2 3 .  H 2 S .  4 3  1 5 9 . - 2 .  - 2 2 . 5  
2 ll . 4 6 2 9 . 2 6 1 2 9 .  - 4 .  - 2 4 . l! 
2 9 . 2 2 2 l! . S 8 1 8 6 . - 9 .  - 2  4 .  5 
2B . a' 4 1 9 . 9 S  l ll 4 . - 2 7 . - 2 5 . 5 

O S P •  9 . 1 7 H - B 2 

o r .  T t  
d e g  F d e g  

- I 6 .  6 5 6 . 5  

- I  7 .  5 5 6 . 5  
- I  7 .  I 5 7 . ll  

- I  6 .  5 5 6 . 5  

- I  7 .  2 5 7 . l!  

- 1 8 . 6  s s . s  

- 2 1  . 2 5 2 . 5  
- 2  I .  6 5 I . 5 

- 2 2 . 9  4 9 . 5  

- 2  • .  6 4 6 . 5  

- 2 5 . 2 0 . 5  
- 2  5 .  8 < 9 . 5 

- 2 5 . 5  3 9 . 5 
- 2 5 . 8  3 8  . ll  

- 2 & . 5  3 6 . 5  
- 2 '> . 7  3 6 . a'  

- 2 6 . 5 3 5 . 8 

o r .  T t  
d o g  deg 

- 9 . 2 5 6 . 5  

- I I .  7 5 7 . l!  

- I  7 . •  5 0 . 5  
- I  9 .  9 5 7  . a  
- 2 8 . 5  5 5 . 5 
- 2 1 . 7  5 2 . 5  

- 2 ll .  4 5 1  . 5 

- 2 2 . 5  4 9 . 5 
- 2 3 . 5  4 6 . S 
- 2 3 . 4  4 3 . 5  
- 2 4 . 7 4 f! . 5  
- 2 3 . 9 3 9 . 5  

- 2 C  l 3 8 . ll  
- 2 5 . 0  3 6 . 5  
- 2 5 . jJ 3 6 . ll  

o r .  T t 
d e g  d e g  

- 1  s .  a 5 6 . 5 

- I  6 .  9 5 6 . 5  

- I  7 .  3 57 . l!  
- I  7 .  3 5 6 . 5  

- I  7 .  3 5 7 . S 
- 1 8 .  2 5 5 . 5  

- 2 11 . 3  5 2 . 5 

- 2 l! . 5  5 I . 5 
- 2 2 . l! 4 9 . 5  

- 2 2 . 8  4 6 . 5  
- 2 3 . 8 4 3 . 5 
- 2 4 . 4  4 11 . 5  

- 2 ' .  1 3 9 . 5  

- 2 L  6 3 S . ll  
- 2  5 .  4 3 6 . 5 
- 2 5 . 4  3 6 . JI  
- 2 6 . 5  3 5 . S  

B t u / ., e c  E O o u t •  li . I 2 6 E • 9 2  S t u / s e c  
E t u / R . s e c  O S O •  l! . 2 5 H -ll2 e t u / R . s e c  

r .  T H E TA O S  C C p s q ! n )  
d e g  d e g  B t u / l blfiR l b m / s e c  

0 . 9  2 5 2 . 9 ll . li i S S  ll .  1 89 5 5  
O . ll 2 5 3 . 9  ll . ll 1 5 2  ll .  1 0 6 9 1  
" 3  . ..  .? 5 6 . 13  Jl . li i S S ll . ll 8 7 S • 

4 .C . 8 2 6  I . 9 ll . ll 1 6 6  J . ll 5 1 5 6 

0 . 3  2 6 5 . 9 l! . S I 7 8 3 . 0 2 6 ') 3  

" .  9 2 6 9 . 9  ll . ll l 8 8 9 . ll ll 9 9 ll  
3 9 . 3 2 7 2 . 9 ll . ll l 9 3 - ll . ll l 7 5 2  

3 8 . 9  2 6 9 . 9 S . 9 2 S 8 9 . Sll l! 8 3 

3 7 . 6  2 6 6 . 9  ll . 9 2 1 8  8 . 0' 1 7 • 6  

3 5 . 9  2 6 4 . 9 9 . 9 2 3 3  9 . 9 2 6 1 <  
3 5 . 3  2 6 3 . 9  e . l! 2 A 6  e . e 2 6 a o  
3 4 .  7 2 6 6 . 9  9 . ll 2 6 ll  ll .  a 1 1 2 0 

3 S . ll  2 6 8 . 9 ll . ll 2 6 9 Jl . lllJ 3 5 9 

3 .4 .  7 .? 7 f! . '3  lJ . ll 2  7 J  - 9 . 9 9 2 2 7 

H . ll 2 7 I . 9 9 . ll 2 7 '>  - a . J e 4 : 7  
3 4 . 8  2 7 C  9 s . s z az - 9 . 9 9 7 8 5 

3 C l!  2 8  • .  9 e . e 2 a z - JI . B 2 9 7 5  

T •  T H E TA O S  C ( p s q l n )  
d e g  d e g  B t u / l b mR I b m / s e c.  

5 I . 3 2 5 3 . 9 9 . 8 1 9 1  !! . 3 6 5 1 9 
.. 8 . 8  2 5 6 . 9 8 . ll l 8 1  8 . 9 6 7 3 1  
' 3 .  1 2 6  1 .  9 li . JJ I 6 2  8 . 9 5 3 5 8  

48 . 6  2 6 5 . 9 a . a l 6 6 9 . 9 2 9 6 3 
.48 . .9 2 6 9 . 9  8' . 8 1 7 9 e . a a a � 7  

3 8 ,. a 2 7 2 . 9 S . 9 1 9 1 - e . a l 7 8 7  
4 lJ . I 2 6 9 . 9 f! . S' Z l A  J . 9 fl9 7 9 
3 8  . ll  2 6 6 . 9  9 . S 2 2ll 8 .  0 1 7 1  & 
3 7  . ll  2 6 4 . 9  ll . li 2 3 B 9 . 0 2 4 7 3  
3 7 .  I 2 6 3 . 9  s . z 2  s •  9 . 3 2 3 6 3  

3 5 . 8  2 6 6 . 9  0' . B C: & 5  9 . 9 1 3 1 3 

3 6 . 6  2 6 9 . 9  8 .  9 2  7 7  9 . 0 0 2 8 6  

3 6 .  I 2 7JJ . 9 S . ll 2 7 9 - a . e s 1 1 2 

3 5 . 5  2 7 1 . 9 ll . 9 2 8 2 - S . l!IJ 2 6 •  

3 5 . 5  2 7 C  9 ll . ll 2 8 .  - 8 .  S ll"'  9 6  

T s  T H E TA O S  G C p :s q l n )  
d e g  d eg B t u / l b mR l b m / :s e c  

. u . 7  2 5 2 . 9 l! . lJ I S 5 s .  1 0 6 5 •  

0 . 6  2 5 3 . 9  8 . .0 1 5 2 jJ .  l l! 4  9 6  

0 . 2 25 6 .  9 l! . l! l 5 5 s . .a a 7 9 6 
0 . 2 2 6 1 . 9  l! . 9 ! 6 6  9 . 9 5 2 9 8 
0 . 2 2 6 5 . 9  9 . 9 1 7 8 3 . 9 2 7 S 6  

H . 3  2 6 9 . 9  ll . 9 1 8 8 9 . lll! ll 8 9  
• ll . 2  2 7 2 . 9 l! . IJ I 9 3 - 8 . 9 1 6 � 6  
.( 8 , 8  2 6 9 . 9  ii . O Z fl 8  S . fl l! B 8 0  
3 8 . 5 2 6 6 . 9  0 . 2' 2 1 8  B . 9 1 6 9 JJ  

3 7 . 7  2 6 4 . 9 l! . ll 2 3 3  a . 9 2 4 a 5  
3 6 . 7  2 6 3 . 9  .0' . .9 2 4 6  A' . 8 2 4 7 4  

3 6 .  I 2 6 6 . 9  9 . JJ< 6 ll  il . l!ll 9 8 9  

3 6 . 4  2 6 8 . 9  9 . l! 2 6 9  3' . 9' 0' 2 9 9  

3 5 . 9  2 7fl . 9  a . a 2 1 3  - 9 . 90" 1 8 4  

3 5 .  I 2 7  I .  9 S . ll 2 7 5  - B . B 0' 3 C: 2  

3 5 .  I 2 7 4 . 9 a . ll 2 8 a'  - J . 9 l! 6 8 5  
3 4  . .8' 2 8 4 . 9  9 . l!2 8 2  - 9 . a ZlJ 7 5  

1 5 0  



Tab l e  3 (Continued) 

T e s t  N O .  1 1 7 2 N • 1  N N • 1 7 P a tm • l -4 . 2 6 p e t  a P t n l e t • 6 8' . 5 2 p • l a  T t n 1 e t • 6 '3 . 8'  d eg . F 

C l n • B . l £J 2 A  1 bm / s ec C o u l • .9' . 1 1 2 9 1 bm / , e c  G P o u t • 9 . 3 9 5 7  l b m / � c c  
E l n • 8 . 1 3 8 E • 9 2  B t u / s e c  E o y t •  9 . 1 4 3 £ • 0 2  B t u / , e c:  D P  o u t  • 9 . 1 2 1 E • 9 2  a t u / s e c  

O S •  g .  8 9 2 E - lJ 3  B t u / R , s cc O S P •  9 .  9 9 2 £ - 9 3  B t u / R . s c c  
D E L TA T H E TA •  2 . 3  D E C  

BA S E D  O N  P T  P S A N D  T H E TA 

R / R w  P t  P •  V t  v .  O T t  o r . T t  T •  
p s 1 a p s i a f t / s e c  f l / s e c  d e g  d e g  F. d o g  dog 

8 . 9 8 9  5 7 . 5 9 5 5 . 8 3 2 2 1  . 6 6 .  - 9 . 5 - 5 . 8 6 8 . 5 6 4 . 3  
g .  9 6 1  5 7 . 6 2 5 5 . 8 4 2 2 8 .  6 8 . - I .  5 - 6 . 2 6 7 . 5  6 2 . 9 
8 . 9 2 1  5 7 . 5 6 s s .  6 1  2 0 .  5 9 .  - a .  5 - 5 .  7 6 8 . 5  6 3 . 3  
a . e o  5 7 . 3 6 5 5 . 4 2 2 n . 3 9 .  - I .  5 - 6 .  7 6 7 . 5  6 2 . 3  
g .  7 6 '  5 7 . 29 5 5 . 2 4 2 5 1 . I 2 .  - I  . 5 - 6 .  7 6 7 . 5  6 2 . 3  
9 . 6 8 5 5 6 . 7 8  5 4 . 9 5  2 5 9 . - 6 . - I .  5 - 6 . 7  6 7 . 5  6 2 . 3  
8 .  6 8 6  5 6 . 6 a 5 4  . •  5 2 6 3 . - 2 9 . - 2 . lJ  - 7 .  9 6 7  . lJ  6 I . 2 
9 . 5 2 9  5 6 . 4 8  5 4 .  lJ) 2 9 8 .  - 4  I . - 2 . 9  - 9 . 6  6 7 . 8  6 3 . 4  
9 . 4 4 9  5 6 . 3 11 5 3 . 2 5  3 1 6 .  - I  8 .  - I  . 5 - 9 . 9  6 7 . 5  5 9 . 2 
8 . 3 7 8 5 5 . 6 4  5 2 . 1 7  3 4 9 .  - 2 .  - 1 . e - 1 8 . 6  6 8 . 8  5 8 . 4  
9 .  2 9 1  5 4 .  9 8  s u .  1 a 4 3 3 . 3 3 .  - I .  8 - 1 4 . 6  6 9 . 9  5 .t .  .. 
8 .  2 1 3  5 3 . 6 4 4 6 . 8 9 4 9 6 . 4 9 .  - 3 .  s - 2 3 . 3  6 5 . 5  • 5 .  7 
9 .  1 7 3 5 2 . 8 4 4 2 . 5 9 5 9  7 .  7 9 .  - c s  - 3 3 . 7 6 ' . 5 . 3 5 . 3  
a .  1 J 4 • 4 0 . 3 2 3 4 . 8 ) 7 2 4 . 1 9 9 .  - 6 . 5 - 5 3 . I 6 2 . 8  I S .  4 
8 . e H 3 8 . 5 2 2 2 . 5 6 8 6 9 . 3 6 2 .  - 9 . 5  - 8  3 .  I 5 9 . 8 - I  4 .  6 
9 . 9 5 5  2 8 . 7 (] z ' .  8 3 3 2 2 . 3 8.9' . - 1 9 .  5 - H J .  1 4 9 . 9  2 8 . 4  
8 . lJ I 6  2 4 . 3 9 2 3 . 9 5 u .  1 5 1 .  - 2 9 . 9  - 3  I .  8 3 9 .  s 3 7 . 5  

BAS E D  ON O P / O R  P S  A N D  T H E TA 

R / R w  h P s  V t  V a  O T t  O T s  Tt T s  
p s 1 a p � t a  f t / � e c  f t / se c dog deg F dog dog 

8 .  9 6 1  5 7 . 7 9 5 5 . 9 4  2 3 8 .  7 1  . - I  . 5 - 6 . 6  6 7 . 5 6 2 . 4 

a .  9 2 1  5 7 . 3 6 5 5 . 6 1  z 3 1 .  5 6 .  - 8 . 5 - 5 . 2  6 6 . 5  6 3 . 9  
a .  6 4 3  5 6  . •  s 5 5  . •  2 1 8 8 .  2 7 .  - I .  5 � ' - 3 6 7 .  5 6 .t . 7  
9 .  1 6  .( 5 6 . 6 2 5 5 . 2 4  2 I I . 1 8 .  - I  . 5 - 5 . 2  6 7 . 5  6 3 . 8 
9 . 6 8 5 5 6 . 5 :  5 4 . 8 5 2 3 7 . - 6 .  · I .  S - 6 . 2 6 7 . 5  6 2 . 8  
8 . 6 8 6  5 6 . 8 7 S-l . .t S  2 2 9 .  - 2 5 . - 2 . 9  - 6 . 4  6 7 . 0  .6 2 .  6 
ll . S 2 9 5 6 . I I 5 4 . 83 2 5 8 . - 3 8 .  - 2 . e- - 7 . 7  6 7 . Jl  6 1  . 3 
S . 4 -l 9  5 5 . 9 6 5 3 . 2 5 2 9 8 . - 1  7 .  - I  . 5 - 8 . 9 6 7 . 5  6 Jl . I 
8 . 3 7 8  5 5 . 8 6 5 2 .  I 7 3 5 ll .  - 2 .  - L a  - I I .  z 6 9 . 8  5 7 .  9 

e- . 2 9 1 5 5 . 2 7 s a . 1 a 4 1 4 .  3 4 .  - I . "  - I  5 .  4 & 8 . a  5 3 . 6  
S . Z I J  5 4 . 1 7  4 6 . 9 9 5 lJ 3 .  5 9 .  - 3 . 5 � Z 4 . 7 6 5 . 5  4 4 . 3  
9 .  I 7 3  5 7 . 6 7 4 2 . 5 8 7 1 7 .  9 7 .  - 4 . 5 - • a .  1 6 4 .  5 2 11 . 9  

a .  1 3 4 5 6 . 6 6 ) 4 . 9 3  8 7 3 .  2 2 8 . - 6 . 5  - 7 1. . 2 6 2 . 8  - 5 . 7 
8 . 8 9 4  3 lJ .  4 )  2 2 . 5 6 6 6 9 .  2 7 6 . - 9 . 5  - 5 2 . 8  5 9 . 8  1 6 .  5 
e- . 85 5  2 4 .  8 3  2 4 . 8 3 8 .  B .  - 1 9 . 5  - 1 9 . 5  4 9 . 8  4 9  . ll  

BA S E D  O N  0 1 F E R N T J A L  EQUAT I O N  
R / R w  P t  p ,  V t  v .  O T t o r . Tt T •  

p 5 t a  p 5  t a f t / s e c  f t / � e �  d e g  d e g  dog F dog 

8 . 9 9 8 5 7 . 5 8 5 6 .  1 1  2 lJ 2 . 6 1! .  - 8 . 5  - 4 .  2 6 8 . 5  6 4 . 9 
8 .  9 6 1  5 7 . 6 2 S 6 . ll5 2 1 ' .  6 4 . - I  . s - 5 . 6  6 7 . 5  6 3 . 4 
11 . 9 2 1  5 7 . 5 6 5 5 . 9 3 2 2 2 . 5 4 .  - 9 . 5 - 4 . 9  6 8 . 5  6 4 . 2  
9 . 8 4 3  5 7 . 3 6 5 5 . 6 4 2 3 I .  3 5 .  � 1 . 5 - 6 .  I 6 7 . 5  6 2 . 9 
8 . 7 6 4  5 7 . 2 9  5 5 . 3 6 2 4 7 . 1 2 .  - I .  5 - 6 . 6  6 7 . 5 6 2 . 4  
ll . 6 8 5  5 6 . 7 9 5 4 . 8 9 2 4 7 .  - 6 .  - 1 . 5  - 6 . 6  6 7 . 5  6 2 . 4 
a .  6 .11 6 5 6 . 6 8 5 4 . 4 9 2 6 6 . - 2 9 . - 2 . "  - 7 . 9  6 7 . fJ  6 1  . I 
8 .  5 2 8  5 6 . 4 8  5 3 . 7 4 2 9 6 . - 4 3 . - 2 . a  - 9 . 4  6 7 . 8  5 9 . 6 
e . 4 4 9  5 6 . 3 8 5 2 . 7 6 3 4 1 .  - 2 a .  - I . S - I I .  2 6 7 . 5  5 7 . 8 
" .  3 ]fl 5 5 . 6 4 S I . 2 9  3 9 2 .  - 2 .  - I .  fJ · 1 3 .  I 6 8 . 8  5 5 . 9  
8 . 2 9 1  5 4 . 9 8  4 8 . 9 3  4 5 4 . 3 7 .  - I  . " - I  6 .  3 6 B . ll  5 0" .  7 
8 . 2 1 3  5 3 . 6 4 d J . 5 6 5 6 8 . 5 6 . - 3 . 5  - J fJ .  6 6 5 . 5  3 8 . 4 

g .  1 7 3  5 2  . -�H 48 . 8 f1 6 4 5 . 9 7 .  - 4 . 5  - 3 9 . 6  6 4 . 5  2 9 . 2 
g .  l J 4 • a . n  3 5 . 4 5 7 f1 5 . 1 8 5 .  - 6 .  s - s a .  1 s 2 . a  I 7 .  8 
8 . !1 9 4  3 9 . 5 2 2 9 . 38 6 3 2 . 2 6  4 .  - 9 . 5  - 4 8 . 6  5 9 . 8"  1 9 .  9 
8 . 8 5 5  2 9 . 7 9 2 5 . 8 5  3 1 3 .  3 6 9 . - 1 9 .  s - 3 8 . 9  4 9 . 8 2 9 . 6  
8 . 9 1 6  2 ' .  3 9  2 3 . 9 5  u .  ! 5 I .  · 2 9 . fJ  - 3 1  . 8  3 9 . 5  3 7 . 5 

C O o u t • .9' .  1 8 3 8  l b m / s e c  

E O o u t •  8 . 1 3 1 £ • 8 2  

O S D •  8 .  9 6 5 £ - 8 3  

T H E TA O S  

d e g  B t u / l b m R  

2 5 3 . 3  8 . 98 3 3  

2 5 3 . 3  9 . 9 9 2 7 

2 5 6 . 3 9 .  H O J Z  
2 6 1  . 3 a . c r n a  

2 6 7 . 3  g .  2 9 3 2  

2 7 1 .  3 9 . 9 8 3 7  

2 7 6 . 3  8 . � 8 3 7  

2 7 9 . 3  9 . 9 9 3 9  

2 7 3 . 3  S' . .B iJ 4 3 

2 7 fJ . 3  8 . 8 8 5 3  

2 6 5 . 3  9 . lJ9 6 1  

2 6 .4 . 3  8 . 8 2 6 7  

2 6 2 . 3  9 . 9 9 9 3  

2 5 5 . 3  8 . 8 1 2 2  

2 4 7 . 3  8 . 8 2 6 4  

2 � 8 . 3  9' . 1 H l 9  

1 9 6 . 3  8 . 9 4 9 9  

T H E TA O S  
d e g B t u / l b mR. 

2 5 3 . 3  9 . 9 9 2 5  

2 5 6 . 3  8 . ¥2 3 4  

2 6  I .  3 lJ . B 3 4  I 
2 6 7 . 3  o . a a 3 9  
2 7 1 . 3 8 . Jl 9 3 9  

2 7 6 . 3  3 . .0 2' 4 3  

2 7 9 . 3  S' . Bi H J  

2 7 3 . 3  O . £ H H 7  

2 7 8 . 3  lJ . S lJ 5 8  

2 6 5 . 3 fJ . lJ a S S  

2 6 4 . 3  fJ . .J a & a  

2 6 2 . 3  11 . 1! � 1 3  

2 5 5 . 3  IJ . ll 9 1 3  

2 4 7 . 3 8 . .8 4 2 6  

2 29 . 3  ll . i! 5 1 8  

T H E TA O S  
d eg B t u / l b m R  

2 5 3 . 3  g .  8 0 3 3 

2 5 3 . 3  a . a 8 2 7  

2 5 6 . 3  8 .  29 3 2  

2 6 1 .  3 8 . 8 a 3 .a  

2 6 7 . 3  8 . 2 0 3 2  

2 7 1  . 3 8 . Z 0 3 7  

2 7 6 . 3  g .  9 0 3 7  

2 7 9 . 3  8 . 0 0 3 9  

2 7 3 . 3  0 . a o o  

2 7 9 .  3 ll . l! 0 5 3  

2 fi 5 . 3  a . a � 6 1 

2 6 4 . 3  9 . 9 9 6 7  

2 6 2 . 3  9 . 9 9 8 3  

2 5 5 . 3  9 . 9 1 2 2 

24 7 .  3 9 . l! 2 6 4  

2 2 8 .  3 9 . 0 4 1 9  

1 9 6 . 3  8 . 11 4 9 9  

B t u / s e c  

B t u / R , s e c  

G t p s q l n )  
l b m / s e c  

9 . 1 3 2 4 5  

a . l 3 6 6 7  

a .  I I  7 5 3  
9 . 9 7 0 6  

9 . 92 3 1 8  

· 8 . 8 I 1 4 2 
- S' . 9 5 7 :J 6  

- 3 . 0 7 q 7 9  

-8 . 8 3 5 3 6  
- 9 . 8 8 3 7 1  

9 . 2 6 8 1 8  

3 . 9 8 3 8 1  

B .  I 2 7 4 7 

9 . 2 6 9 2 8  

.s .  J . ... a s  
8 . 3 6 1 9 0 

9 .  I 3 5  B 4 

(; ( p s (! l n )  
l b m / � e c 

8 .  1 4 : 7 9  

8 .  1 1 1 9 5  

a . g 5 .c J 7  

iJ . 0 1 9 4 6  
- 8 . 9 1 ll 8 2  

- J . 9 4 9 5 3  

- lJ . 2 7 3 3 6  

-a . s :; J J J  

- 9 . !18 3 8 3  

8 . 3 6 1 9 6 

8 . 3 8 6 9 7 
ll .  1 6 9 2 1 
£J . 3 2 8 4 1  

8 .  2 H 5 3  
a . 9l1118s 

G ( p s (! t n >  
I b m / s e c  

g .  1 2 1 1 6 

a . l 2 8 5 7  
a .  1 11 1  s 1  
8 . S" 7 i H l 

8 . 9 2 2 8 3  

- J . " 1 1 3 1  

- f1 . 9 5 7 6 6  

- 8 . 8 6 4 9 3  

- 9 . 8 3 7 6 9  

- IJ . ZZ 4 l l  

9 . 0 6 6 6 5  

8' . .0 9 4 5 1 

a .  1 3 5  7 '  

.9' . 2 5 6 7 3  

S . 3 0 2 f1 8  

9 . :) 5 3 2 4  

9 . 1 3 5 8 4  

1 5 1  



Table  3 ( C ont inued)  

T e s t  H O .  1 1 7 4  H • 1  H N • I 7  P a tm• 1 1. . 2 6  p s  t a P t n 1 et • 3 8" . 9 6  p • I a  T t n l et • 7 4  . 5  d e g . F 

G l n • a' . 1 .9' 3 9  l b m / :s e c  Gou t • B . 1 8' 1 7  l b m / � � c  G P o u t  .. B . S' 7 6 7  l b m / :s e c 
E t n •  iJ . 1 3 3 E • IJ 2  B t u / s e c  E o u t •  a . t 2 9 E • 92 B t u l !l e C  O P o u t •  1 L � 7 1. E • B l  S t u / s e c  

BA S E D O N  
R / R w  

lJ .  � 9 8"  

8 .  9 6 1 

a .  9 2 1 

a . 8 n 

e . 7 H 
8 .  6 8 5  

e .  6 1' 6  

a .  s c  8 
e . " �  

0 . 3 7 8 
ll . 2 � 1  

a . 2 1 1 
c .  1 7 3 
a: - 1 1 1.  
a . B 9 4  

e . a s s  

8 .  ll'l 6  

BAS E D  O N  
R / R w  

8 . 9 6 1 

8 .  S 2 1  

tl . 8 4 3  

8 .  7 6 4  
8" . 6 9 5  
lJ .  6 a 6  

8 . 5 2 8 
.a . . .  � 

S . 3 7 fl  

.9 . 2 '3 1  

9 . 2 1 3 

B .  1 7 3 

8 .  1 3 .. 

a . s � 4  

8 . 8" 5 5  

BA S E D  
R / R w  

JJ .  � a  a 

a . � 6 1  

ll .  9 2 1  

8 .  8 4 3  

8 . 7 6 4  

8 .  & a s  

8 .  6 2 5  

8 . 5 2 8 
9' . J. 4 9  

lJ .  3 7 8"  

a .  2 9 1  
ll .  2 1 3 
fJ .  l 7 3 

a .  1 3 4 

H . S' 9 4  
9 . as s  

ll . IJ 1 6  

O N  

O S  • lJ .  3 1J 4 E - 92 B t u / R . s e c  
D E L TA T H E TA •  a .  6 D E G  

P T  P S  A N D  T H E TA 
P t  P >  V t  v .  O T t  

p s I a ps 1. 1  f t / s e c  ! t / .s e c  d e g  

1 9 . 6 2 1 7 . 28 4 6 8 .  1 6 1 .  - 1 . 8" 
1 � .  8 6 I 7 .  3 7 4 6 5 .  1 5  • .  - z . a  

1 � - �a 1 7 .  2 8  4 8 8" .  1 Sa .  - 3 . 8  
1 � . 4 ll 1 6 .  7 9  · � e . 1 0 1J .  - 6 . 8 
1 9 . 6 6 1 6 . 2 5 4 9 2 .  5 5 .  - � . e  

1 7 . 6 a 1 5 .  ' �  4 8 2 .  1 1 .  - 1 3 . 8"  

1 6 . 6 a 1 S . ll a 4 2 1 . - 5 . - 1 6 .  g 
1 5 . 8 8 1 4 .  5 2 3 8 4 . - 1 1 .  - z  1 .  e 

1 5 .  1 a 1 4 .  2 6  3 1 6 .  7 .  - 2 5 . 9 

1 4 .  5 6  1 4 . 1 1  2 3 4 . 6 .  - 2 8 . 1J 
1 ' .  2 .  1 '  . S' )  1 6JJ .  . . - 3  1 . IJ  
1 C 1 2 1 4 . .0 2  1 1 2 .  3 .  - 3 2 . 9  

· 1 C B 4  1 3 .  q a  � 1 . - 3 . - 3 3 . a 

1 4. . 89 1 3 . '9 5 a 3 .  - 7 .  - 1 3 . 9  
l J .  � 8 1 3 . � 5 6 3 .  - 1 4 .  - 3 2  . a  

1 4 . 9 2 1 3 . 9 6  as . - 3 3 .  - 3 2 . 8 

1 4 . 8 3  1 3 . 9 6  6 4 . - 3 7 .  - 3 2 . 8  

O P / D R P S  A N D  T H E TA 

P t  p ,  Vt v. O T t  
p s t a  P 5  I a f t / s e c  f t / s e c  d e g  

I 7 .  3 7 1 7 .  3 7 a .  a .  - z . s  
1 � .  S 7  1 7 .  2a 4 8 6 . 1 5 2 .  - 3 . a  
1 9 . 8  I 1 s .  7 a 5 3 2 .  1 9' 7 . - 6 . "  

1 � .  6 3 1 6 .  2 5  5 7 3 .  6 4 .  - � . 8  

1 a .  1 � I S .  4 � 5 3 8 .  1 3 . - 1 3 . a 
1 7 . 8 4  1 5  . a a  4 6 2 . - 5 .  - 1 6 . 8" 
1 5 . � 4  1 4 .  5 2  4 .9 3 . - 1 2 .  - 2 1 . JJ 

1 4 . 8 5 I 4 .  2 6 2 6 5 . 6 .  - z s . a  

1 • .  3 7 1 4 . 1 1  1 7 � .  4 .  - z a . 8  
1 4 .  1 2 1 4 . lf 3 1 8" 1  . 2 .  - 3  1 .  a 

I 4 . 8" 7 1 A . a 2 88" . 2 .  - 3 2 . a 
1 4 . 86 1 3 . � a 1 9 0 . - 3 .  - 3 3 . a  

I 3 .  � 7 1 3 . � 5 5 2 . - 4 . - 3 3 . 8" 

1 3 . � 5 1 3 . � 5 a .  8 .  - 3 2 . 8  

1 3 . 9 6 1 3 . 9 6 a .  8 .  - 3 2  . .9 

D 1 F E R N T 1 AL E QUAT I O N  

P t  P >  V t  v .  O T t  
p s t a  p s i a f t / 5 e c  f t / s e c  d e g  

1 9 . 6 2 1 7 .  2 6  4 5 3 .  1 5 9 . - 1 .  a 

1 9 .  9 6  I 7 .  1 7 4 a 5 .  1 6 1  . - 2 . 8  
1 � - � 8" 1 6 . � 7 SJJ� . 1 5 � .  - 3 . a 
1 � . 4 0 1 6 .  5 1  5 2 5 . 1 Jl 5 . - & . a  

1 8 .  6 6  1 6  . .0 1  5 1  7 .  s a . - 9 . 1J 

1 7 .  6 a 1 5 . 5  1 4. 8 9' . 1 1 .  - 1 3 . 8 

1 6 .  6 a 1 5 . 9 7  4 2 3 .  - 5 .  - 1 6 . B  

1 5 . 8 " 1 4 .  7 8  3 5 5 . - 1 8" . - 2 1  . a 
I S .  1 a 1 4 .  42 2 a 4 . 7 .  - 2 5 . 8 

1 A. .  5 6  1 4 . 2 2 Z S 4 . 5 .  - 2 9 . 8  
1 .t .  Z l  1 " .  1 8  1 3 1 .  3 .  - 3  1 .  8 
1 • .  1 2  1 4 . H3 1 a 7 . 3 .  - 3 2 . a 

1 A. . 8 4  1 4 . fHJ 7 8 .  - z .  - .3  3 .  a 

1 4  . fJfJ 1 3 .  � �  4 2 . - 3 . -3 3 .  a 

1 3 . � a 1 3 .  9 8  2 .  e .  - 3 2  . IJ  
1 A. .  f!2 1 3 . � 5 a s .  - 3 5 . - 3 2 . 8" 

1 4 . Sf! 1 3 . a 9 6 4 .  - 3 7 . - 3 2 . a 

D S P  • B . 2 S .& E - .IJ 2  B t u / R . s e c  

o r .  . T t  r .  
d e g  d eg d eg 

- 28 . 9  7 3 . 5 5 3 . 7  

- z z . a- 7 2 . 5 5 2 . 5  

- 2 4 . 1 7 1 . 5 58 . •  
- 2  7 .  5 6 9 . 5 o . a  

- 2 �  . •  6 5 . 5  4 5 . 1  

- :? 2 . 4  6 1  . 5 4 2 .  1 
- � 0' . 8  5 8 . 5  4 3 .  7 

- 3 3 . 3 5 3 . 5  4 1 . 2 

- 3 3 . 3  4 � . 5 4 1 . 2 
- :! 2 . 6 4 6 . 5  ' l  . '3 

- 3  3 .  1 4 3 . 5  4 1 . 4 
- 3 3 . 8" 4 2 . 5  4 1 . 5 

- 3 3 . 7  4 I . S U J . B  
- 3 3 . 6  4 I . S 4 8 . �  

- 3 2 . 4  .4 2 . 3 4 I . 6 

- 3 2 . 6 4 2 . 8 ' I  . ..  
- 3 2 . 5  4 2 .  a 4 1 . 5 

D T s  T l  T s  
d e g  d e g  d e g  

- 2 . 8" 7 2 . 5 7 2 .  5 

- 2 4 . 6  7 1 .  5 4 � . � 

- J .IJ .  5 & a . s  4 4  . .9 
- 3 6 . 7  6 5 . 5 3 7 . a  

- 3 6 . 4  6 1 . 5 3 ij .  1 

- 3 3 . a s a . s  4 8" .  7 

- 3 4 . 6  5 3 . 5 3 � . �  

- 3 9 . � 4 � .  5 4 3 . 6 

- 3 8" .  7 4 6 . 5  4 J .  8 
- 3 1 . 8  4 3 . 5  4 2 .  7 

-3 2 .  5. 4 2 . 5 4 2 . JJ  

- 3  3 .  8 4 1 .  5 4 Jl .  7 

- 3 3 . 2 4 1 . 5 4 1 . 3 

- 3 2 . 8 4 2  . 8"  4 2 . 9 

- 3 2 . 9  4 2 . JJ 4 2 . 1J  

D T s  T t  T s  
d e g  deg d e g  

- 2 8 . 2  7 3 . 5  5 4 . 3 
- 2 3 . 7 7 2 . 5  S8 . a  

- 2 6 . 7  7 1 .  5 4 7 . 8 
- 2 9 . �  6 8 . 5  4 .4 . 6  

- 3 1 .  6 6 5 . 5  4 2 . 9 

- 3 2 . 2 6 1  . 5 4 2 . 3  

- 3.0 .  9 5 8 . 5  .t 3 .  6 

-3 1 . 5 5 3 . 5  4 3  . a  

- 3 1 .  7 4 � . 5  4 2 . 8  
- 3  1 . 5 4 6 . 5 l 3 . H 

- 3 2 . 4 4 3 . 5  4 2 .  1 

- 3 2 . �  • z . s  ' 1  . 6 

- 3 3 . 4  4 1 . 5 4 1 . I 
- 3 3 . 2  4 I . 5 ' 1  . 3 

- 3 2  . 8"  4 2 . JJ  4 2 . JJ  
- 3 2 . 7  ' 2  . 8"  A. I .  3 
- 3 2 . 5  4 2 . 9  4 1 . 5 

G O o u t • S'  . 1 8 5 5  l b m / :s e c  
E O o u t •  9 . 1 3 4 E • IJ 2  B t u / s e c  

D S D •  l! . 4 8 1 E - 8 2  B t u / R . s e c  

T H E TA O S  G < p s q t n )  
d e g  B t u / l b mR l b m / :s e c  

2 5 8 .  6 8 . 8 3 8 9  a . 1 z 1  n 
2 5 1  . 6 a . .a z � s 8" . 2 � 8 � 6  

2 5 2 . 6  B . H 2 '3 8  B . IJ � S Z Z  

2 5 8 . 6 a . Z Z � 3  IJ . � 6 Z lf �  
2 6 3 . 6  a . a3 a 6  JJ . l! 3 38 4  
2 6 a . 6  3 . 9'1 2 5  a . £ 0 6 5 �  

2 7 fJ . 6 9" . 8 3 5 1  -ll . 8 a � S 6  

2 7 I . 6 IJ . ll 3 6 5  - JJ . 9 B 5 9 9  

2 6 8 . 6 e . a 3 7 7  8 . 9 3' 3 9 '9  
2 6 8 . 6 a .  B 3 8 8  e . e O Z 9 Z  

2 6 8 . 6 IJ . l! 3 8 �  a . 99 1 � � 

2 6 8 . 6 a . JJ 3 �Z a . 0 2 1 1 � 

2 7 1 . 6 9' . 0' 3 8 9  - a . 8 a 1 3 7  
2 7 4 .  6 8 . 8 � 9 1 - .0 . 2 0 3 5 :!  

2 8 2 . 6  8 . 9 ] 9 5  - e . <HJ7 4 9  

2 � 2 . 6 .e . a 3 � 3  - .5 . 8 1 7 4 1  
2 � 9 . 6 8 . 8 3 � 4  - 0 . 8 1 � 1 2  

T H ETA OS C l p 5 q t n )  
d eg B t u / l b mR l b rn / � e c 

2 5 1 . 6 .e . a 3 9 7  11 . a aaa e  
2 5 2 . 6 8 . 8 2 a 7  a .  a % 4 5  

2 5 8 . 6  a . JJ Z 7 �  l! . lf6 6 6 8  

2 6 3 . 6 a . BZ 7 Z  8 . a 3 � a 4 
2 6 8 . 6  8 . 8 3 8 6  .a . a.a 7 J i  

2 7! 1 .  6 9' • .93 3 7 - a .  a 2 2 9 4  

2 7 1  . 6 a . a 3 s � -JJ . 8a 6 3 1  

Z 6 a . 6 a . a 3 8 � JJ . 09 3 J 3  

2 6 a . 6 tJ . 9 1 9 7 8" . 8 9 2 2 3  

2 6 a . 6  8 . a 3 � 5 .e . e a t z .t 

Z 6 a . 6  8 . 6 3 '3 3  8 . 8 8 8 � �  

2 7 1  . 6 8 . a 3 8 �  - 8 . 0 8 1 5Jl 

2 7 4 . 6  0 . JJ3 � 3  - 8 . 8 02 2 1 

2 8 2 . 6  8" . 8 3 9 6 8 . 88888" 
2 9 2 . 6 li . JJ 3 %  lJ . ZaiJI!IJ 

T H E TA O S  G < p , q t n )  
deg B t. u / l b m R  l b m / s e c  

2 5a . 6 8 . 8 3 8"9 a .  1 8 82 1 

2 5 1 .  6 li . .O Z � S  a- .  1 a 1 3 5  

2 5 2 . 6 8 . .e2 � ll  } - 2� % 7  

2 S a . 6  ll . 8 2 9 3 . Jl6 l 6 2 

2 6 3 . 6 Jl . l!JlJS l! . O J 4 3 8  
2 6 8 . 6  8 . 9 3 2 5  a . ao & 5 7  

2 79 . 6  3 . 9 3 5 1 - f! . £'3 2 6 7  
2 7  1 . 6 a . .O J 6 5 -.13' . 88 5 5 9  

2 6 8 . 6 l! .  ll 3 7 7  ll . a 8 3 6 1  

2 6 8 . 6 O . l! 3 8 a  9' . 2'.0 2 5 5  
2 6 a . s a . JJ J 8 �  J! . Z0 1 6 3  

2 6 8 . 6  S . Jl 3 9ll .9 . 88 1 3 2 
2 7 1 . 6 0 . 8 3 8 9 - 8 . Jl8 1 i16 
2 7 4 .  6 0 . £J 3 9 1  -B . 8� 1 8 1  
2 6 2 . 6 8 . 9 3 9 5  - 8 . 8 8 8 2 2  
2 � 2 . 6  a . a J � J -9 . 0" 1 8 4 6  

2 � � - ·  8 . 93 '3 4 - B . JJ 1 S I 2  

1 5 2  



Table  3 ( C on t inued) 

T e :s t  N O .  1 2 2.11 N • 1  N H • 1 7  P a tn� • 1 4 . Z l  p • l •  P l n l e t • 2 9 . 9Jl' p s i a T t n l et • 6 5 . 8'  d•g . r 

C I n • J L  I Z 3 5  I b m / s o c  C o u t • 9' . 9 9 9 6  1 b rn / 5 � C  G P o u t •B . 9 9 6 2  I b m / s e c  G O o u t • S . l S'S l l b m / s o c  
E 1 n •  0 . 1 3 Jl' E • 0 2  B t u / s e c.  E o u t •  fJ .  1 2 5 E"  + D' 2  B ':. u / s e c  c p o u t  .. .6 .  I 2 1  E • 0 2  

BAS E D  ON 
R / R w  

0 .  9 8 9  

9 .  9 6 1  
0 . 9 4 1  

0 .  9 2 1  
a .  9 H 2  
g .  8 8 2  

9 . 8 4 3  
B .  7 6 t 
1! . 6 8 5 
0 . 6 iJ 6 
e . s z a  

8 . t .t 9 
9' .  3 7 9' 
9 .  2 9 1 
9 .  2 1 3 
a .  1 3 4 
lJ . lJ 5 5 

B A S E D  ON 
R / R w  

11 . 9 6 1  
" .  9 4 1  
8 . 9 2 1 
8 . 9 1.' 2  
1! , 8 8 2  

2' . 8 4 3  
J! .  7 6 4 

lJ . 6 B S  
lJ .  6 8 6  
8 . 5 2 8  

a .  • • 9  
9 .  3 7 1!  
9 . 2 9 1  
8 . 2 1 3  
9 . I  3 4  

BA S E D  O N  
R / R w  

.a .  9 8 3  

lJ . 9 6 1  

IJ . 9 4 1  
8 . 9 2 1  
9' .  9 9 2  
lJ . 6 8 2  

9 .  8 4 3  

lJ .  7 6 4  
0 . 6 8 5 
lJ .  6 .11 6 
0' . 5 2 8 
8 . J J 9  
9 . 3 7 lJ 

J! .  2 9  1 

8 . 2 1 3 
lJ .  1 3 4 

lJ . lJ 5 5  

O S •  0 . 3 7 3 £ - 0 2  B t u / R . s e c  
D E L TA 

P T  P S  
P t  

p !l l a  

1 7 .  9 3  
1 8 . 8 9  
1 a .  1 3  
I 8 .  I I 

I 0 .  S I 

1 7 . 9 5 
I 7 .  6 5  
1 6 .  8 7 
1 6 . 0 7 

1 5 . 3 5 
I 4 .  7 5  
1 4 .  2 I 

1 3 . 7 7 
1 J .  4 5 
1 3 .  2 I 

1 3 .  a 1 

I � .  9 1  

O P  / O R  
P t  

p s t a  

! 9 .  2 2  
I 5 .  9 9 
I 7 . '  1 
I 7 .  8 4 
1 8 . 4 2 

1 9 .  1 J! 
1 7 .  1 9 
1 6 . 3 3 

I 5 .  6 7 

1 4 . 6 9 
1 < . 1 1 
1 3 . 6 6 
1 3 . 3 6 
1 3 .  1 3  

1 2 . 9 2 

T H E TA •  - I  . 5 D E C 
A liD T H E TA 

p ,  V t  
p s i &  f t / s e c  

1 6 . 0 4 " 5 .  
1 5 . 8 5 4 5 3 .  
1 5 .  8 7  .( 6 .9' .  
I 5 .  8 4 4 6 3 . 
1 5 .  7 6  < 6 5 .  
I 5 .  6 8  4 6 9 .  
1 5 . "  4 7 I . 

I 4 .  7 9  t 7 1 .  

1 4 .  5 3  4 I 6 .  
1 4  . O lJ 3 9 a .  
1 3 .  7 lJ  3 5 6 . 
1 3 . 4 3  3 I I . 

1 3 .  2 3 2 5 6 . 
1 3  . o a  2 lJ9 .  
1 2 . 9 5 1 6 9 .  
1 2 .  a s  1 3 8 .  
1 2 . 8 2 9 8 . 

P S  A N D  T H E TA 
? •  V t  

P 5 1 1  f t. / 5 e c  

1 5 . 6 5 l 6 C  

I 5 .  8 7 I S S . 

1 5 . 8 < 3 9 lJ .  

1 5 .  7 5  4 4 8 .  
1 5 .  6 8  5 1 1 .  
1 s .  ' A.  5 9 0 .  
1 4 . 7 9 59 3 . 
1 4 .  5 3  ' '  7 .  
1 •  . elJ 4 3 9 . 
1 3 . 7 8 3 < 5 .  
1 3 .  ! 3  2 8 9 . 

1 3 . 2 3 2 2 8 . 

I J . lJ B 1 8 3 . 
1 2 .  9 5  1 4 1 . 
1 2 . 8 5 8 6 .  

O I F E R H T I A L  E Q U A T I O N  
P t  P •  V t  

p s I  a p !S i ll.  f t / 5 e c  

1 7 .  9 3  1 5 .  8 5  4 3 5 . 
1 8 . lJ 9 1 5 . 7 8 4 6 1 . 
1 8 .  I 3 1 5 . 7 lJ 4 7 8 . 
1 a .  1 1 I 5 .  6 1 4 8 8 . 

1 8 . 8 1  1 5 . 5  1 4 9 1 .  
1 7 . 9 5  1 5 .  4 I 4 9 8 .  

I 7 .  6 5 1 5 . 2 1  4 9 6 . 
1 6 . 8  7 1 4 . 8 1 A. G B .  
1 6 . lJ 7 1 4 . 4 3  < 2 9 . 
I 5 .  3 5  ! .( .  ! B  3 8 3 . 
1 4 . 7 5 1 3 . 8 3 3 3 9 .  
1 4 .  2 1  1 3 .  5 '  2 8 7 .  
1 3 .  7 7 1 3 . 3 3 2 3 2 . 
I 3 .  4 5 1 3 . 1 6  1 a "  
1 3 .  2 1 1 3 . !13 1 4 1  . 
1 3  . l!  I 1 2 .  9 3  9 3 . 
1 2 .  9 1  1 2 . 8 2 9 8 . 

v. O T t  
f l / s e c  d o g  

1 6 4 . 9 . 5  
I 7 JI .  0 . 0  

I 5 4 .  - I .  Jl 
l .. 6 .  - 2 . 0  

I 3 8 .  - 3 . 8 
1 3 8 .  - 4 . 8  
1 1  3 .  - 5  . .11 

8 8 . - � . e  
4 9 .  - 1 3 . 1! 
2 5 . - 1  1 .  a 

3 .  - 2 1 . 9 
- 2  4 .  - 2 5 . 5  

- · 7 .  - 3 1! . 9' 
- 6 2 . - 3 4 . 9  
- 7 lJ .  - 3 7  . .11 
- 6 5 . - < 2 . lJ  
- 5 3 . - 4 3 . 3  

V a  O T t  
f t / � '!! C dog 

1 7 4 .  8 . e  
3 6 . - I  . 9 

1 2  3 .  - 2  . lJ  
1 3 3 . - 3 . 0  

I <  2 .  - 4 . 3  
I 4 2 .  - 5 . lJ  

9 3 . - 9 . lJ  

5 I .  - 1 3 . lJ 
2 7 .  - 1 7 : 9'  

3 .  - 2 1  . lJ  

- 2 3 . - 2 5 . 5 

- 4 2 .  - 31! . 8  
- 5 4 . - 3  4 .  9 

- s a . - 3 7 . 8  
- 4 3 .  - 4 2 . 8  

Va O T t  
f t / s � c . d o g  

I 7 2 . 9'. 5 
I 7 2 .  lJ . lJ  
1 6 lJ . - l . lJ 
1 5  4 .  - 2 . 9  
1 .4 6 .  - 3 . 9 

I J a . - ' .  0' 

l 1 9 .  - S . lJ  

8 7 .  - 9 . 3  
4 9 .  - 1 3 . 8  

2 4 .  - 1 7 . 3  
3 .  - 2 1  . lJ  

- 2 2 . - 2 5 . 5  
- 4 3 .  - J lJ . a • 
- 5 4  . - 3 4 . 8  
- s a . - 3 7 . 8 
- ' 7 .  - � 2 . 9  
- 5 3 . - 4 3  . lJ  

O S P •  .6 . 5 2 4 E - 0 2  

o r .  T t  
d o g  d a g  

- 1 6 . 0 6 5 . 5  
- 1 9 . 5  o 5 . 9  
- 2 JI . 6  6 4 . 9  
- 2  I . 6 6 3 . Z 
- 2 2 . 6  6 2 . 8  

- 2 3 . 7  6 1  . a  

- 2 4 . 6 O Z . fJ  

- L' B . 1 S 6 . 5  
- 2 7 . &  5 2 . S  

- ' lJ .  2 4 8 . 5 

- 3  1 . 6 4 ' .  s 
- 3 3 . &  3 9 . 5  
- 3 5 . 6  3 5 . 9' 
- :? 8 . 8  J I . z  
_ , 9 . 8  2 a . a  
- < 3 .  8 2 3 . lJ  
- .( .( , .9' 2 2 . lJ  

O T  • Tt 
deg r d e �  

- 2 lJ . �  6 S . lJ  
- 2 .  1 6 ' .  g 

- 1  5 .  9 & 3 . 9  

- 2 I . 2 6 2 . J! 

- 2 7 . 4 E d  . IJ  
- 3 5 . 7 6 S .  9 
- 3 8 . 8  5 6 . 5  

- 2 9 . 9  5 2 . 5  
- 3 3 . I 4 8 . 5  
- 3 9 . 9 .. .. .  5 
- 3 2 . 5  3 9 . 5  
- J A. . S  3 5 . 1!  
- 3 7 . 9'  3 I . lJ  
- 3 8 . 9  2 8 . 9' 

- 4 2 . 8  2 3  . lJ  

D T •  T t  
d e g  d o g  

- 1 7 . 7  6 5 . 5  
- 2 8 .  I 6 S . lJ 
- 2 2 . 2  6 .4 . 9  
- 2 3 . 8  6 3 . lJ  
- 2 4 . 8  6 2 . 9  

- 2 6 . 2  6 1  . lJ  
- 2 6 . &  6 lJ . lJ  
- 2 7 . 9  5 6 . 5 

- 2 8 . 5  5 2 . 5  

- 2  9 .  3 4 8 . 5 

- 3 !! . 6  .. .. .  5 
- 3  2 . '  3 9 . 5  
- 3 4 . 6  3 5 . a  
- :;  7 .  I 3 1 . 0 
- 3 8 . 9  2 a . rJ  
- 4 2 . 9  2 3 . 8  

- 4 ' . fJ 22 . .11 

B t u / s e c  E D o u t •  .11 . 1 3 2 £ • 0 2  B t u / s e c  
B t u / R . � o c  D S D •  JI . 5 5 1 E - 0 2  2 t u / R . 5 C C  

T s  T H E TA OS G < p s q t n ) 
d o g  d o g  S t u / l b m R  l b rn / s e c  

4 9 . JI  2 t 8 . S  9 . JI 3 5 3  Jl . 0 9 6 5 9  
4 5 . 5  2 < 9 . 5  J . .B' J .( t  s . a 9 9 7 a 
" " . ' 2 5 1  . 5 0 . J3 3 B 0 . 9 9 0 8 5  
t J . t  2 5 2 . 5  J L  0 3 1 5  a . e a & J I  

' z . '  2 5 3 . 5  8 . 9 3 3 4  .6 .  a a I I 5 
4 1 . 3 25 4 .  5 .11 . .11 3 3 1  I L  0 7 6 4 7  
H J .  t 2 5 6 . 5  0 . 0 3 3 8  Jl . 0 6 5 5 9  
3 7 . t  2 5 9 . 5  0 . 1! 3 5 3 tf . 8 4 8 8 ?  

3 7 . 9 2 6 3 . 5  Jl . 9 3 6 8 JI . B 2 6 lJ 4  
3 5 . 3  2 6 6 . 5  0 . a n a  1! . 1!' 1 308 
3 3 . 9  2 6 9 . 5  S . it' J C:l 9  9 .  S O l 7 lJ  

J 1 . '  2 7 4. . 5 lJ . 9 3 9 1l  - 0 . 9' 1 2 < 5  

2 9 . 4  2 8 8 . 5 lJ . 9' 3 9 9  - 9 . 9 2 3 9 6  
2 1  . a  2 8 6 . 5 .11 . 1!' 3 8 7  - ll . A J l l t  

2 5 . 2  2 9 2 . 5  9 . lJ 3 8 5  - S . S J S OO 

2 1 . 2 2 9 6 . s 3 . � 3 7 3  -9 . 8 3 2 5 1 

2 I , 8  2 9 8 . 5  8 . 8 3 7 1 - 3 . 8 2 6 6 9  

r .  T H E TA OS C < p s q t n )  
d o g  d e g  B t u / l b mR l b m / s e c  

A. 4 . 5  2 < 9 . 5  lJ .  9 3  .,, a .  l lJ 2 J B  
6 2 .  9 2 5 1  . 5 lJ . S 4 2 5 9 . 92B6lJ 
l l? .  l 2 5 2 . 5  8 . a J 6 2 8 . .! 7 1 8 8 

4 3 . 8 2 5 3 . 5  ll . i! 3 < 1 J . a 7 7 9 4  
3 7 . 6  2 5 4 . 5  3 . 1! 3 1 4  9 . 0 6 3 8 1 

3 9 . 3  2 5 6 . 5  9' . 9 2 8 '  lJ . J 6 < lJ I  
3 4 . 7  2 5 9 . 5  lJ . e J U  .a .  8 5 2 3 4  
3 5 . 6  2 6  3 .  5 9 . 9 3 5 7  lJ .  a 2 a  1 1 

3 2 , ,  2 6 6 . 5  J! . lJ_3 6 7 a .  e t .t.t  t 

3 < .  6 2 6 3 . 5 lJ .  9 3 9 2  lJ . S lJ 1 6 5  
3 2 . 5 2 7 .{ . 5  9 .  9 3 9 6  - e . 1!' 1 1 5 6  
3lJ . 5  2 B lJ . 5  IJ . ll 3 9 6  - 1! . 9 2 1 3 1  

2 8  . .11 2 8 6 . 5  8 . 8 3 9 2  - 8 . J 2 7 1 4  

2 6 .  I 2 9 2 . 5  9' . lJ 3 8 9 - O . J 2 9 2 3  
2 2 . 2  2 9 6 . 5 lJ . lJ 3 7 5  - 9' . 9 2 1 4 3 

r .  T H E TA O S  G l p s q t n )  

d e g  d e g  B t u / l b m R  l b m / 5 e c  

4 7 . 3  2 l 8 .  5 !! . 83 5 3  S .  l lJ 0 5 2  
.4 .4 . 9  2 l 9 . 5  C' . 8 3 .4 .4 lJ .  l lJ i lJ 7  
4 2 . 8  2 5  1 . 5 9 . lJ 3 3 8  H . S 9 3 8 J  

4 1  . 2 2 5 2 . 5  9 . 0 3 3 5 a . e a 9 9 7  
< S .  2 2 S 3 . 5  3 . 3 3 3 4  .9 . £1' 8 .4 7 0'  
3 8 . 8  2 5  4 .  5 0' . B' J :? l  lJ . 9' 8 JI I 2  

3 8 . 4 2 5 6 . 5  a .  a J 3 a  9' . 9 6 8 2 6  

3 7 . 6 2 5 9 . 5 8 . 3 3 5 3  9 . 2 ! 8 5 6  

3 7 . .a 2 6 3 . 5  lJ . lJ 3 6 8  9 . 9 2 6 7 2  
3 6 . 2  2 6 6 . 5  a . a3 a l:l'  S . ll 1 2 5 S  

3 4 . 9  2 6 9 . 5  lJ . 9 3 8 9 8' . 2 8 1 6 3  

3 2 . 6  2 7 4 . 5  8 . 9 3 9 0  - S . O i  1 5 8  

3 9  . •  2 8 0' . 5 8 . 8 3 13 9  - 0' . 9 2 1 6 5  
2 7 . 9 2 0 6 . 5  .8' . 8 3 8 7  -9' . .9 2 7 5 1 

2 6 .  l 2 9 2 . 5  rJ . 3' 3 S S  - � . i! 2 9 J S  
2 2 . 1 2 9 6 . 5 lJ . fl 3 7 lJ  -B . S2 3 3 9 
2 1  . .II 2 9 8 . 5  .a . a 3 7 1 - 9 . � 2 6 0 9  

1 5 3  
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Table 3 ( Cont inued) 

Te5t HO.  1 2 2 5  H • l  H H • 1 7  P a t.111 • l .t . 2 .C p :s t a  P t n l • t. • Z .( . 4 6 p s I  a T t n l e t • BB . IJ  d eg . F 

C t n • 8  . .9' 7 9 B l b m / :r e c  C o u t • .0' . 8' 7 3 6  I b m / s e c  G P o u t  • 8 . B 9  U J  l b on / s e c  G 0 o u t • 8' . 8 8 B 2  l b m l • e c  
E t n •  S .  1 .8 2 €  • S Z  B t u / ::a e c  E o u t •  .a . 9 -' 3 E • .3 1  B t. u / s � c  tJ P o u t. •  B .  1 2  I E  • .9 2  B t u / s e c  E O o u t •  S . I S 3 E • S 2  B t u / s e c  

OS • C . I B B' E - 8' 2  B t. u / R . s e c  D S P  • l!. z a • E - 9 2  B t u / R . s e c  0 5 D •  9 . 2 7 6 ( - 9 2  B t u / R . s e c  
D E L TA T " E  TA • · a . 3  O E G  

BA S E D  ON P T  P S  A N D  T " E TA 
R / R w  P t  P s  V t V a  O T t  D T s  T t  T s  T H E TA O S  ' ( p s q t n )  

p s t a  p s i  a f t / s e c  f t / s e c  d o g  d o g  d e g  d eg d o g  B t u / l b m R  l b m / s e c  

8 .  9 9 9  1 8 . 1 6 1 5 . 8  7 ( 6 6 .  1 6 3 . - 9 . 5  - 2 9 . 8 7 8 . 5 5 8 . 2 2 5 8 . 7  8 . 8 1 � 8  9 . 9 � 3 6 < 
9 . % 1  1 8 .  1 2 I 5 .  7 �  O < .  1 5 7 . - 1  . 9  - 2  1 . 8 7 9 . 9 5 8 . 2 2 5 1 . 7 9 . 9 2 9 1 9 . 9 8 � < 6  
a .  9 4 1  1 7 .  � a  1 5 . 6 8 4 7 9 . 1 ' 8 . - 2 . a  - 2 2 . 6  7 8 . 9  5 7  . •  2 5 3 . 7  9 . 3 2 9 2  3 . 9 7 � 2 7  
8 . � 2 1  1 7 . B lJ 1 5 . 5  7 .( 7 4 .  I Z 9 . - 3 . lJ  - 2 3 .  I 7 7 . 9  5 6 . 9  2 5 ! . 7  9 . 9 2 9 5 8 . 8 7 3 1 2 
a .  9 11 2  I 7 .  5 2  1 5 .  < J  < 6 3 .  I I B .  - 5 . lJ  - 2 -4 . S  7 5 . 9  5 6  . .1J 2 5 5 . 7 a . a 2 .a 1  8 . 8 & & 0' 6  
8 . 8 8 2 1 7 . 1 8  1 5 . 2 9 • 5 9 .  1 8 8 . - 6 . a - 2 L .  7 L O  5 5 . 6  2 5 7 . 7 9 . 9 2 1 6  S . S S S \ 6  
.9 . 8 4 3 I & • 6 2  " .  7 5 ' 5 4 . a 2  . - 9 . 8  - 2 6 .  B 7 I . 9  5 3 . 2  2 5 9 . 7 a . JJ 2 l 5  8 . e' 4 4 J 7  
.e .  7 6 .( 1 5 .  5 2  1 4  . H 7  4 ! 4 .  5 3 . - t 4 .  a - 2 8 . 5 6 6 . 9 5 1  . 5 2 6 2 . 7 8 . 1J 2 4 9 8 . 8 2 7 2 5 
0 . 6 8 5  1 < . 7 6 I 3 .  8 6  3 3 3 .  3 I . - 1 � . 8 - 2 8 . 3 6 1 . 8  5 I . 7 2 6 < . 7 9 . 9 2 6 1  8 . 8 1 5 5 9  
a .  6a6 I 4 .  2 .t I 3 .  7 7 2 < 3 . l lJ .  - 2 3 . 8 - 2 7 .  � 5 7 . 8 5 2 . I 2 6 7 . 7 9' . 02 6 7  8 . 80 4 8 5 
9 . 5 2 8  \ .(  . B IJ  1 3 .  7 <  1 8 2 . - 6 .  - 2 5 . 8  - 2 7 . 8 5 5 . 8 5 2 . 2  2 7 1 .  7 ff . Z 2 6 9  - e . ea Z 7 7  

2' . .( 4 9  1 3 .  8 '  1 3 .  7 1  I 2 7 .  - 2 9 . - 2 7 . 8 - 2 8 . •  5 3 . 9  5 1 .  6 2 8 2 . 7  9 . 8 2 5 8  - 8 . 8 1 0 9 
9 . 3 7 8 1 3 .  7 2 1 3 . 6  7 7 6 .  - J 2 . - 2 8 . 8 - 2 8 . 6 5 2 . 8  5 1 . •  2 n . 1  8 . lJZ 6 �  - 8 . 8 1 5 8 6  
9 . 2 9 1 1 3 .  7 8  1 3 . 6 7 5 I . - 3 3 . - 2 8 . 8  - 2 8 . 3  5 2 . 8  S I . 7 3 8 2 . 7 8 . 8 2 7 8  - e .  e 1  6 .c '  
8 .  2 1  3 1 3 . 6 8 I 3 .  6 6  38 . - 3 3 .  - 1 8 . 8 - 2 8 . 2  5 2 . 8  5 1  . B 3 I 7 .  7 e . a 2 1 1 - S . J I 6 5 6  

8 .  I 3 • 1 3 .  6 8  1 3 . 6 5 2 6 .  - 5 1 . - 2 s . a  - 2 8 . 3  s z  . .a 5 I . 7 3 3 2 . 7  8 . 8 2 7 1  - 8 . 8 2 5 3 1  

9 . 9 5 5  1 3 .  6 8  1 3 .  6 5  1 7 .  - 5 < . - 2 7 . 8 - 2 7 . 3  5 3 . 8 5 2 . 7  3 • 2 . 7  8 . 9 2 7 6 - 8 . 8 2 7 1 7  

B A S E D  ON O P / D R  P S  AN D T H E TA 
R / R .,  P t  P s  V t  Va O T t  D T s  Tt T s  T H E TA O S  C < p s (! l n )  

p s  !. a  p s i  a f t / s e c  f t / s e c  dog d o g  F d o g  d e g  d o g  B t u / l b mR l b m / s e c  

B .  9 6 1  1 8 .  5 7  1 5 .  7 9 5 1 < . I H J .  - 1 . 8 - (: S  . .t 7 9 . 9  5 < . 6 2 5 1  . 7 9 . 9 1 8 5 .9 . il 9 7 S 9  
8 .  9 ' 1  1 8 .  6 9 1 5 . 6 8 5 < 8 . 1 s a .  - 2 . fJ  - 2 9 . 3  7 8 . a  5 1  . 7 2 5 1 . 7 9 . 11 1 7 6  8 . 8 � 9 4 9  
9' . 1] 2 1  1 8 .  8 "  I 5 .  5 7  5 6 C . I S  C .  - 3 . 8  - 3  I .  I 7 7 . 11  4 8 . 6  z s .- . 7  0 . 3' 1 !) 6 9 . � 9 8 3 7  
lJ .  9 Z Z  z a . s a 1 5 . 0  6 8 6 .  l 7 • .  - 5 . 9  - n . 1  7 5 . £!  3 3 . 3  2 5 5 . 7  8 . 8 8 1 9  2 . 1 9 2 2 6 
e .  a 8 2  2 1 .  2 2 1 5 . 2 9 7 4 6 .  1 6 2 .  - 6 . 8 -5 • .  6 7 1. . H  2 5 . •  2 5  7 .  7 iJ . .8 0' 7  I 8 .  9 9 5 2 7  
9 . 8 0 . 1 � .  3 .  I • .  7 5  6 7 8 . 1 2 3 .  - 9 . ll  - a . 5  7 1 . 8 11 . 5  2 5 9 . 7 8 . 9 1 2 1 IJ . Z 6 9 ! '  
e .  n •  1 6 .  J. I I 4 . 9 7 5 I 7 .  6 6 .  - I ' .  8 - 3 6 . 6  6 6 . ll  ' J  . ..  2 6 2 . 7 S . iJ Z 1 1  8 . 8' 3 1. 5 7  
8 .  6 8 5  1 < . 5 2 1 3 .  8 6  2 8 8 . 2 7 .  - 1 9 . 9 - 2 6 . ll  6 I . 8 5• . H  2 6 < . 7  iJ . 8 2 7 2  .3 . 8 1 3 < 1  
S . 6 .R &  I I. . Slf 1 3 . 7 7 1 7 I . 7 .  - 2 3 : 8  - 2  5 . •  5 7 . 9  5 < . 6  2 6 7 . 7 e . .a� 1 a  9 . 8'9 3 -i B'  
e . :: z a 1 3 .  8 5  1 3 .  7 <  1 1  8 .  - . . - 2 5 . 9  - 2 6 . 2  5 5 . 8  5 3 . 8  2 7 1 . 7  8 . 8 2 7 6  - iJ . ZJ3 1 7 9  
8' . J. 4 9  1 3 . 8  I I 3 .  7 1  1 1 < .  - 2 6 . - 2 7 . a -2 8 .  I 5 3 . 9  S I . 9 2 8 2 . 7  8 . 9 2 6 �  - 9 . 8 1 2 9 1  
8 . 3 7 8  I 3 .  7 2 1 3 . 6 7 7 < .  - 3  I . - 2 8 . 8  - 2 8 . 5 5 2 . l!  5 I . 5 2 9 2 . 7 9 . ll 2 6 9  - B' . 8 1 S S 3  

fi . 2 S 1  1 3 .  6 7 1 3 .  6 7 1 9 .  - 1 3 .  - 2 s . a  - 2 8  . J  5 2 . 9  5 2 . ll  3 8 2 . 7 8 . a 2 7 1  - ll . IJ£ 6 2 7  
8 . 2 1 3 1 3 .  6 9  1 3 .  6 6  3 8 .  - • 2 . - 2 8 . 8  - 2 8 . 3 5 2 . ll  5 I . 7 3 1  7 .  7 IJ . Jl 2 7 3  - e . e z a s c  
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p s I  a p s 1 a f t / s e c  f t / s e c · d e g  d o g  d e g  dog deg B t u / l b m R  l b m l s e c  

9 . 9 8 lJ  1 8 .  1 6  1 5 .  2 3  5 3 1  . 1 8 6 .  · S" . S  - 2 6 . 9  7 B .  5 5 2 . 1 1 5 9 .  7 C . J I 9 B 8 . 1 9 3 5 4 
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a .  9 2 1  1 7 . 89 1 ' .  9 2 5 4 3 . 1 4  8 .  - :! . 0  - 2 9 . 4 7 7 . 8 5 8 . 6 2 5 4 . 7 9 . � 2 1? 5  0 . 9 8 1 2 3  

8 .  9 9 2  1 7 .  5 2  1 ' .  8 2  5 3 1 . 1 3 5 .  - 5 . 8  - 3 8 . 8 7 5 . 9  5 8 . 8  2 5 5 . 7  B .  � 2 f l7  9 . 8 7 3 5 9  
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a .  6 9 5  1 4 . 7 6 1 3 .  9 9  3 0 6 . 2 8 . - 1 9 . 9 - 2 6 . �  6 1 . a 5 3 . 1 2 6 < . 7 ll . B 2 6 1  B .  9 I 4 4 4 
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� .  5 2 7 l .  9 
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a . 7 2 7 7 . 9  
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3 9 . 5 2 5 3 . 9  
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3 1 . 9  2 5 5 . 9  
3 8 . 8  2 5 6 . 9  
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2 5 . 6  2 6 1  . 9 
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a . .e- 3 7 .!  

J!' . a 3 S S  
9 . 0 3 9 6  

9 . 8 4 0 5  
a . S 4 a 6  
O . l H 1 1  

0' • .0' -t l t  

B t u / 5 ec 
B t u / R . :s e c  

G ( p s q t n ) 
I b m / s e c  

a .  t 2 6 A 9 

a .  1 Z8 1 6 

a .  1 1 9 a a  
a .  1 1 8 1 6  
tJ .  1 8 6 3 .  
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- a . a z 7 • 9  

1 5 5  



APPENDIX D 

ERROR ESTIMATION OF MEASUREMENT 

The measured values were sound pressure l evel ( SPL) , total 

t emp erature (T*) , t o tal pressure (p*) , s t atic p r e s sure ( p ) , and flow 

angle (a ) , ob tained at  var ious radial posit ions ( r ) . 

1 5 6  

The error o f  sound pres sure level was ± 0 . 2  dB , u s ing the fre­

quency analy zer (Bluel and Kj aer , Model 203 3 ) . 

The error o f  t o tal pres sure was smaller than the error o f  

pres sure t ransducer ; t h e  pressure transducer u s e d  for  t h e  total 

pressure wa s Kul i t e , Model ETM-3 7 5 ,  the accuracy o f  which was within 

± 1 %  at  full scale ( 1 00 p s ig) . 

The error o f  s t a t ic pres sure was ± 0 . 5% including the error 

o f  pressure trans ducer (Honeywell , Model 4 1 5 , ac curacy : ± 0 . 3 5 % ) . 

The to tal t empera ture was mea sured by u s ing Chromel-Alumel 

thermo coup l e  made by Omega ; its  error was ± 0 . 5 ° F .  

T o  measure the f l ow direc t ion and the p o s it ioning o f  the 

prob e , the traver s ing un it was used . The accuracy of p o s i t ioning 

wa s within ± 0 . 1 mm ( 0 . 004 inch) , and flow angle ± 0 . 5  degree . 
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