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TWO-DIMENSIONAL WIND TUNNEL TEST 
OF AN OSCILLATING ROTOR AIRFOIL 

DATA REPORT 

(Volume 11) 

L. U . Dadone 
Boeing V e r t o l  Company 

SUMMARY 

An e x p e r i m e n t a l  i n v e s t i g a t i o n  w a s  conduc ted  t o  d e t e r m i n e  t h e  
q u a s i - s t e a d y  and uns t eady  c h a r a c t e r i s t i c s  o f  t h e  NLR 7223-62 a i r -  
f o i l ,  an advanced s e c t i q n  d e s i g n e d  f o r  h e l i c o p t e r  r o t o r  a p p l i c a -  
t i o n s .  The d a t a  were o b t a i n e d  w i t h  an a i r f o i l  model equ ipped  w i t h  
17 d i f f e r e n t i a l  t r a n s d u c e r s  and mounted i n  t h e  v a r i a b l e  d e n s i t y  
t es t  s e c t i o n  o f  a blow-down wind t u n n e l .  The test  equipment  and  
p rocedu re s  were s i m i l a r  t o  o t h e r  o s c i l l a t i n g  a i r f o i l  tests p r e v i -  
o u s l y  conducted i n  t h e  same f a c i l i t y .  

Quas i - s t e ady  p r e s s u r e  d a t a  were a c q u i r e d  a t  Mach numbers between 
M = 0.2 and 0 .9  w i t h  porous  f l o o r  and  c e i l i n g  ( 4 . 9 %  p o r o s i t y ) .  
Drag d a t a  were a c q u i r e d  a t  a l imited number o f  c o n d i t i o n s  w i t h  a 
wake - t r ave r s ing  p robe .  S t a t i c  and o s c i l l a t o r y  tests were t h e n  r u n  
w i t h  s o l i d  f l o o r  and c e i l i n g  a t  Mach numbers between M = 0 .2  and 
M = 0.7. 

The o s c i l l a t o r y  tes t  was r u n  a t  f r e q u e n c i e s  from 23 Hz t o  app rox i -  
ma t e ly  90 Hz, w i t h  a m p l i t u d e s  o f  o s c i l l a t i o n  r a n g i n g  f rom 2.5' t o  
10.0'. The t e s t  r e s u l t s  are p r e s e n t e d  i n  two volumes. The f i r s t  
volume documents t h e  t es t  p rocedu re  and  d i s c u s s e s  some o f  t h e  key 
r e s u l t s .  The second  voiume is a  d a t a  r e p o r t  and it c o n t a i n s  t abu -  
l a t i o n s  o f  a l l  s t a t i c  and o s c i l l a t o r y  d a t a .  

LIST OF SYMBOLS - 
Computer L i s t i n g  Tex t  - D e s c r i p t i o n  

AERO DAMP symbol f o r  [2rr2 f D ( h a )  2 ] - 1  4 6 ~ m d a ,  
work-per-cycle  c o e f f i c i e n t  

ALPHA a  a i r f o i l  a n g l e  o f  a t t a c k ,  deg  

ALP HA * NMAX a i r f o i l  a n g i e  o f  a t t a c k  a t  maximum 
v a l u e  o f  normal  f o r c e  d u r i n g  a  c y c l e  
o f  o s c i l l a t i o n ,  deg  



Computer L i s t i n p  Text  

ALPHA- o a o 

CN ( MAX 1 

DCP 

DEL ' ALPHA 

DRIVE HZ 

K 

MACH NO. 

n  PHI 

mean a n g l e  of a t t a c k  d u r i n g  e s c i l l a -  
t i o n  c y c l e ,  deg 

a i r f o i l  chord ,  m 

a i r f o i l  d r a g  c o e f f i c i e n t  
(d r ag  f  o r c e / u n i  t span )  /q,c 

a i r f o i l  p i t ch ing -monen t  c o e f f i c i e n t ,  
( p i t c h i n g  moment/unit span)/q,c2 

maximum magnitude of  p i tch ing- r .2ment  
c o e f f i c i e n t  a t t a i n e d  d u r i n g  o s c i l l a -  
t i o n  

a i r f o i l  normal f o r c e  c o e f f i c i e n t ,  
(normal f o r c e / u n i t  span)/q,c 

maximum magnitude of  no rma l - fo rce  
c o e f f i c i e n t  a t t a i n e d  d u r i n g  
o s c i l l a t i o n  

d i f f e r e n t i a l  p r e s s u r e  c o e f f i c i e n t ,  
A p/q, 

ampl i tude  o f  p i t c h i n g  motion,  deg 

d r i v e  f requency  o f  a i r f o i l  motion 
i n  p i t c h ,  He r t z  

reduced f requency  , n f  c / V  

Mach number 

computer symbol f o r  phase l e a 3  of  
r e sponse  w i t h  r e s p e c t  t o  f o r c i n g  
motion f o r  t h e  n t h  harmonic,  deg 

t u n n e l  test  s e c t i o n  t o t a l  p r e s s u r e ,  
~ / m ~  ( l b / i n 2 )  

dynamic p r e s s u r e ,  d e f i n e d  a s  % p v 2 ,  
~ / m '  ( l b / f t 2 )  

magni tude of r e s u l t a n t  f o r  t h e  n t h  
harmonic 

Reynolds number based  on a i r f o i l  chord  



Computer L i s t i n g  - Text  

TDR 

D e s c r i p t i o n  

r a t i o  of  t h e  work- 2 e r - c y c l e  coef f i- 
c i e n t  t o  t h e  t h e o r e t i c a l  v a l u e  

t es t  p o i n t  i d e n t i f i c a t i o n  

t u n n e l  v e l o c i t y ,  m/sec ( f t / s e c )  

x//c chordwise p o s i t i o n ,  measured from 
t h e  l e a d i n g  edge as a f r a c t i o n  of 
t h e  chord  

SUMMARY OF TEST CONDITIONS 

QUASI-STEADY FLOW CONDITIONS 

1. F l c o r  and C e i l i n g  w i t h  4 . 9 %  P o r o s i t y  

1.1 P r e s s u r e s  and I n t e g r a t e d  Data 

Mach No. Page No. 

1 .2  Drag Data - See Table  I1 4 7  



2. Solid Floor and Ceiling 

Pressures and Integrated  Data 

Mach No. Rn x lo-= Page No. 
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TABLE I .  SUMMARY OF MODEL CHARACTERISTICS 

- 
A i r f o i l  S e c t i o n  

Model Span 

Model S c a l e  

Model Chord 

Th icknes s  R a t i o  

C o n s t r u c t i o n  

T r a n s d u c e r s  : 

Number T n s t a l l e d  

L o c a t i o n  i n  
P e r c e n t  Chord 

P r e s s u r e  Range 

Minimum N a t u i a l  
Frequency as 
I n s t a l l e d  

NLR 7223-62 (or NLR-1) 

0.3048m (12 i n c h e s ,  nomina l )  

1/4.23,  based on  a 0.68Gm (2.25 f t )  
f u l l - s c a l e  b l a d e  c h o r d  

0.162m (6 .38 i n . )  

8.6 p e r c e n t  

Machined from Maraging S t e e l  

K u l i t e  Model N o .  63-11967, D i f f e r e n t i a l  

1 7  

1 .01 ,  1 .99 ,  3.0, 4.91, 7 .37,  9 .91,  
14 .93 ,  19 .99 ,  24.97,  29.98,  39.31,  50.07,  
60.05,  70.09,  80.02,  89 .96 ,  96 .91  

+ 5 . 1 7 ~ 1 0 ~  ~ / m '  (+ 75 p s i )  f rom 1 t o  5 - 
p e r c e n t  cho rd  

+ 3 . 4 5 ~ 1 0 ~  ~ / m ~  (+ 50 p s i )  f rom 7.5 t o  97 - 
F e r c e n t  c h o r d  
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DATA 
TYPE x/c 

AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4.9% 
POROSITY 

ALPHA -10 .1  -8.68 -7.24 -5.72 -4.36 -3.01 
CN -0.638 -0.579 -0.491 -0.407 -0.293 -0.159 
CM -0.024 -0.030 -0.039 -0.036 -0.034 -0.032 

DCP 1 .010. 
DCP 2 .020 
D C P 3  .030 
DCP 4 .049 
DCP 5 .074 
DCP' 6 .099 
DCP 7 . I 4 9  
DCP 8 .200 
DCP 9 .250 
DCP10 .300 
DCP11 .399 
DCP12 .SO1 
DCP113 .600 
DCP14 .701  
DCP15 .800 
DCP16 .900 
DCP17 .969 

ALPHA -1.643 -0.216 1 . 0 -  ' 2.458 3 . 8 3 1  5.197 
CN -0.039 0 .090 0.209 0 .3348  0.468 0.597 
CM -.030 -0.029 -0.026 -0.024 -0.023 -0.020 

DCP 1 , 010  
DCP 2 .020  
DCP 3 .030 
DCP 4 .049 
DC2 5 , 0 7 4  
DCP 6 .099 
DCP 7 . I 4 9  
DCP 8 ,200  
D C P 9  , 2 5 0  
DCPlO .300 
DCPl l  .399 
DCP12 .SO1 
DCP13 .600 
DCP14 . 7 0 1  
DCP15 .8CO 
DCP3.6 , 3 0 0  
DCY17 .969 



DATA 
TYPE X/C 

AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMEN= 
FLOOR AND CEILING WITH 4.98 
POR9S I TY 

ALPHA 6.564 7.920 9.291 10.65 12.185 13.53 
CN 0.725 0.856 0.986 1.099 1.224 1.327 
CEI -0.018 -0.015 -0.011 -0.008 -0.007 - 
DCP 1 . O l O  3.348 4.271 5.266 5.860 
DCP 2 0020 - - - - 
DCP 3 .030 2.568 3.166 3.753 4.304 
DCP 4 .049 2.340 2.843 3.326 3.787 
DCP 5 ,074 2.005 2,395 2.780 3.148 
D C P 6  .099 1.821 2.149 2.469 2.765 
DCP 7 -149 1.382 1.640 1.876 2.090 
DCP 8 .200 1.109 1.300 1. 504 1.675 
DCP 9 .250 0.946 1.113 1 .273 1.430 
DCPlO ,300 0.879 1 .018 1 .143 1.264 
DCP11 -399 0.695 0.797 0.899 0.999 
DCPl2 -501  0. 503 0.578 0.662 0.735 
DCP13 -600 0.414 0.475 0.527 0.577 
DCPl4 .701 0.399 0.438 0.477 0.497 
DCP15 .800 0.218 0.238 0.258 0.268 
DCP16 .900 -0.081 -0.071 -0.051 -0.051 
DCP17 .969 0.209 0.230 0.221 0.181 

ALPHA 14.85 16.19 17 .53  18.88 20.14 
CN 1.407 1.069 0.971 0.982 1.056 
CM 0.002 -0.059 -0.070 -0.064 -0.079 

DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DCP 10  
DCP 11 
DCP12 
DCP 1 3  
DCPl4 
DCP15 
DCP16 
DCP17 



DATA 
TYPE x/C 

AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4.9% 
POROSITY 

ALPHA -9.78 -8.46 -7.12 -5.73 -4.369 -3.00 
CN -0.665 -0.582 -0.553 -0.448 -0.323 -0.192 
CM -0.012 -0 .031 -0.031 -0.030 -0.028 -0.026 

DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7. 
DCP 8 
DCP 9 
DCP 1 0  
DCP 11 
DCP12 
DCP 1 3  
DCP 1 4  
DCY 1 5  
DCP 1 6  
DCP 17 

ALPHA -1.64 -0.24 1 . 1 4  2.50 3.88 6.62 
CN -0.059 0 .075  0 .204 0 .341  0 .480  0.742 
CM -0.024 -0 .023 -0.022 -0 .021 -0.020 -0.016 

DCP 1 .010 -1.69 
DCP 2 .020 - 
PCP 3 .030 -0.795 
X P  4 .049 -0.427 
DCP 5 , 0 7 4  -0.2105 
DCP 6 .099 -0.062 
D C P 7  .149 -0.059 
DCP 8 .200  -0.062 
DCP 9 0250 -0.049 
DCPlO .300 0 .003  
DCP11 .399 0.022 
X P 1 2  .501  -0.015 
K P 1 3  .600 0.016 
DCPl4 . 7 0 1  0.123 
DCPlS - 8 0 0  0 . 0 5 1  
DCP16 .900 -0.117 
DCP17 .969 - 



DATA 
TYPE 

ALPHA 
CN 
CM 

DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
bCP 7 
DCP 8 
DCP 9 
DCP 1 0  
DCP 11 
DCP12 
DCP13 
DCPl4 
DCP 1 5  
DCP16 
DCP17 

ALPHA 
CN 
CM 

DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DCP 1 0  
DCR 11 
DCP 1 2  
DCP 1 3  
DCP 14 
DCP15 
DCP 16 
DCP17 

1 6  

AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4.9% 
POROSITY 

12.27 
1.244 

-0.002 

7 .051 - 
4.994 
4.331 
3.601 
3.115 
2.340 
1 .905  
1 . 6 1 3  
1 .390 
1 .115 
0.827 
0.625 
0 .541 
0.283 

-0.017 - 

20.19 
0.980 

-0.070 

1.936 - 
1.606 
3.238 
2.419 
1 .967  
1 . 7 3 6  
1.286 
1 .117  
1.050 
0.984 
0.853 
0.747 
0.749 
0 .621 
0.302 - 



i: DATA 
TYPE 

ALPHA 
CN 
CM 

DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DCP 1 0  
DCP 11 
DCPl2 
DCP 1 3  
DCP 1 4  
DCP15 
DCP16 
DCP17 

AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4 . 9 8  
POROSITY 

ALPHA 1 .36  4.68 5 .79  6.70 7.70 8 . 7 1  
CN 3.235 0 .578 0.683 0.783 0.884 0.985 
CM -9.021 -0.018 -0.017 -0.016 -0.013 -0.008 

DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DtP 6 
DCP 7 
DCP 8. 
DCP 9. 
DCP 10. 
DCP 11 
DCPlZ 
DCP 1 3  
DCP l 4  
DCP 1 5  
DCP 16 
DCP17 



DATA 
TYPE 

ALPHA 
CN 
CM 

DCP. 1 
DCP 2 

DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DcP10 
DCP 11 
DCP12 
DC? 1 3  
DCP 1 4  
DCP15 
DCP16 
DCP17 

AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4 . 9 %  
POROSITY 
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Avexage Orifioe 
LOCQUQ~, X/C = 

Unitero psi 
be = 5 (~aminal)~ 

COY COtFF 
O o Q Q 1  

-aoo10 
00001 
O . O f 2  

-00006 
0 ,005 
0 e 8 0 3  

-0, oar 
0,000 

PwPSk 
1 L l  odd0 
.326,800 

U, 736 
46,  L O O  
15,JZO 
31,460 
h?,08O 

335, ouo 
l l b , 0 0 0  

SINt COECC. 
-010 t 3  

OOOS? 
OoUlB 
0 ,  Oar 
0.009 
OoOlU 
0,011 
oooto  

-0,004 

REPBODUCIBLITY OF mE 
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Average Orifice 
U a e t i e n ,  X/C = 0.020 

U n i t s  lo psi 
Aa = 5 

56.2 -OrOOJ HARM R t  SuLIAhT 91ht CCl t f  f 
1 0,100 0,100 
2 e 0,037 -0 , 033 
4 e 0, OLO -0 059 
1 , 0,OLS O , 022 
5, 0,OlC) O*OlL 
6 0 059 -OeO15 ', 0,012 -0, O U l  
8 e 0,015 0,015 
9. 0,006 -0 * 002 



Average Otificx Unitas, psi 
Location, X/C = 3.030 -5 

FD (Hz) Steady - 
24.2 mbeooa MARM WES&JLTA&T 

1 r 0,001 
he Ooola 
3 o 0,018 
4 0 0,011 
5, 0,006 
6 0 0 007 
7 e OeCdS 
8 o 0,019 
9 1 0,004 
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Average Orifice 
Location, K/C = 

D. ACCELERATION TARES 

Acceleration Tares 

Units- psi  -'o Aa = 5 

COS C O t P C  
0,009 

-O*OOb 
3,022 
0,010 

-0 * 002 
0.001 
0,012 

-01931 
0,018 

Cob C O t F F  
0,037 
-0,063 
-0,037 
0,042 
0.011 
0,019 

-0,001 
0.01u 
0,OOb 

Cub C O t F F  
-Om013 
0,019 

-0,033 
0,022 
-0,012 
0,008 

- 0 * 6 1 5  
-0,015 
- 0 1 0 2 3  

L O S  C;btkF  
-0.0.00 
-o,oiJ(,  
0.032 

-0,018 
-0.029 

0 . 0 1 4  
-0  0 0 0  

0 . 0 1  1 
0 e O O Q  



TABLE 

Averrage Orifice 
Location, X/6 = 

Uni t s :  psi mQ 

COO C O t f P  
0,088 
aOl0l8 
-0,007 
0,042 ' 

0,003 
eroof 
o,ooa 

r,O,OOl 
-0.0021 

COS C O t F C  
"0 ,002 
0,018 
0,020 
-0.001 
-0,Olb 

( 1  bob 
-u,001 
-Or 002 
-0 0 OOS 
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-0,085 HARM Rh8UbTAb1 81N6 COLPP 
1 r 0 , 00 1 -0,001 a , 8,020 -0,086 
3, 0,OdO 0,018 
4 a 0,ola 0,013. , 

5 e 0,007 0,007 
6 0 Q ,003 0,001 
7 e OrOOb 0,bOB 
8 I 0,016 0,003 
9, 0 005 0 005 

ARM Ht8Ubf bN7 
1 r 0,095 
2, 0.03s 
3 e 0,019 
4 e 0,059 
5 a 0,009 
6 , 0,002 
7 r 0,009 
60  0r017 
9 8 0,010 

GOS COtPF  
0,075 

-0,016 
-0, OOb 

0,040 
0,009 
0.00 a 
0 ,OO8 
0,000 
0,009 

wrist 
?.0)3,100 
15O19O0 
130,000 
5u5,200 
35i?ob00 
I t5 , lOu 
'a? 1 ,So0 
167,' 9 
$2 3 





Avetag4a Orif ice 
Locatian, We - O.2QO 

R E 8 U i  t ANY 
0, ObQ 
o,om 
0,Obl 
0,017 
0,OOf 
0,018 
0,012 
0,009 
0,089 



Average Orifice 
Location, X/C = 0.250 

Steady 

GO$ C O t C F  
Om003 

-0.001 
O o O L I  
0 ,002 
0 ooe 

-3 ,002 
OeOOt 
0,007 
0,000 



0,089 HARM n t s u L t n r t  
8 Oe083 
am o, ooa 
Je 0 , 004 
4 OeOOS 
5. 0,001 
be 0,003 
7 0 0,002 
6, o,oai 
9 oIoo? 

RESULTANT 
0,058 
00008 
O,OZ5 
0,018 
0,003 
OeOOB 
0,001 
0,014 
0,008 



TABLE 

T r a n s d u c e r  P11 

A v e r a g e  O r i f  ice 
L o c a t i o n ,  X/C - 

FD (Hz) S t e a d y  - 

K. ACCBLERATION TARES 

A c c e l e r a t i o n  T a r e s  

R t S U L T A N l  
o,oL10 
I), OLB 
010Z6 
0.0 10 
0,  OZU 
0.0ZZ 
0,013 
0,001 
0 , 006 

 unit^:^ p s i  
Act = 5 



TABLE L. ACCELERATION TARES 

Transducer P12 

Average Orif ice 
~ocation, x/C = 

FD (Hz) Steady 

mOaOOB HAHM 
1 , 
2 0 
3, 
4 0 
5 
6 ,  
7 ,  
8 1 

9 

0.501 

HLSULTAbT 
o, ooa 
0,ous 
0.005 
0,008 
GoOOL 
u O o o j  
00001 
0,OLO 
Oo0O9 

WtSULTAkT 
00o17 
0,007 
0,020 
0,127 
00010 
0,OlL 
0,021 
0,007 
0 * 0 15 

HtSULi AhT 
0,064 
0,018 
0,036 
0,025 
6,006 
0,OlZ 
0,00L 
0.0lU 
0 002 

U t S W L  1 Alul 
0.054 
0,OZj 
0,008 
0,004 
0,012 
0.001 
0,OlL 
o,o10 
0 .  OUH 

Acceleration Tares 

 unit^:^ psi 
Aa = 5 

S I N E  CULFk 
-cr, e w  
0 005 

-0 0 00s 
-0  0 000 
0,OOl 
0,003 
0 000 

-0 020 
-0,007 



TABL M. ACCELERATION TARES 

Transducer P13 Acce lerat ion  Tares 

Average Orif ice 
Location, X/C = 0.600 

 unit^:^ p s i  - 
Aa = 5 

FD(Hz) Steady 

HtSULI  ANT 
0 , 0 8 3  
0.015 
0,OYl 
0 ,036  
0.040 
C,015 
0 ,016  
0,029 
0 ,011  

-0 , 025 HARM 

1, 
2 , 
3 ,  
4, 
5 D 

b  D 

7 0 

6 0 

9  , 

HtSULlPnrl 
0  OIL 
0,r)ub 
0 ,P lU 
0 ,010  
u.013 
G . U l 7  
0,t117 
0 . u l S  
C I , O l U  



TABLE N.  ACCEIZRATION TARES 

T r a n s d u c e r  P 1 4  

A v e r a g e  O r i f i c e  
L o c a t i o n ,  X/C = 0.701 

FD (Hz) Steady -- 

A c c e l e r a t i o n  T a r e s  

U n i t s :  ps i '  
=so 



TABLE 0. ACCELERATION TARES 

Transducer P15 Acceleration Tares 

Average Orifice  unit^:^ psi 
Location, X/C = 0.800 - 

Aa = 5 

FD (Hz) Steady 

S l a t  CUtCF COY COtFF 
0.003 O,U(rZ 
0 004 -0,601 

zbrOO3 0 * 0 0 5  
-0,001 0 008 
-0  a00 1 -0,000 

OaOO3 -0 I OOL 
-0 002 -G.OOU 
-O*OLi? 0*00(1 
-0,005 OmObO 

REPRODU(;SEm OF THE 
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TABLE P. ACCELERATION TARES 

T r a n s d u c e r  P16 

A v e r a g e  O r i f  ice 
L o c a t i o n ,  X/C = 0 . 9 0 0  

A c c e l e r a t i o n  T a r e s  

U n i t s : ,  psi - 
Aa = 5 



TABLE Qo ACCELERATION TARES 

Aeceleration Tares 

Average Orifice Unit81~ psi 
Leeation, X/C = 0.969 G 5  
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Final  

A two-dimensional wind tunnel test was conducted to obtain the quasi- 
steady and unsteady characteristics of the NLR 7223-62, an advanced 
airfoil desig.?ed for helicopter rotor applications. 

Differential pressures were measured at 17 locations along the chord 
of the airfoil model. The airfoil motion were sinusoidal forced 
pitch oscillations about the quarter chord at amplitudes varying 
from 2.5" to 10.OO and at frequencies from 23 Hz to 90 Hz. The 
quasi-steady tests were conducted at Mach numbers from 0.2 to 0.9, 
and the osci llat-ory tests between M = 0.2 and M = 0.7. A t  quasi- 
steady conditions a limited number of drag measurements was made 
with a wake-traversing probe. The results of the test are outlined 
and discussed in Volume I. A systematic tabulation of test results 
is presented in Volume 11. 
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