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TECHNICAL MEMOR ANnVM X -64892 

THE MAXOMETER-DYNAMIC AND STATIC TESTS 

I. INTRODUCTION 

The maxometer  is a n  instrument capable of measur ing  ex t remely  
high wind speeds  (approximately 130 m / s e c )  and retaining a r ecord  of 
the peak wind speed over  any given t ime  period. P r i o r  to  the  develop- 
ment of th is  mst rument ,  no anemomete r  existed which could withstand 
the ex t reme  environmental conditions, such as high flow veloci t ies  and 
ex t reme  t empera tu res ,  associa ted  with the launch of a e r o s p a c e  vehicles.  
Two models  of the m a x o n ~ e t e r  w e r e  developed: (1) Model E for  u s e  in 
measur ing e x t r e m e  winds in the ambient  a tmospher ic  environment and 
(2 )  Model S for  u s e  in obtaining measurements  in a s e v e r e  environment 
such a s  th9.t found in the launch of space vehicles,  The Model E has  
been field tested a t  the Hurr icane  R e s e a r c h  Center ,  Miami, F lor ida ;  
Weather Station, Bootheville, Louisiana; and the  Naval Air  Station, 
Corpus Chr i s t i ,  Texas. The Model S was  tes ted  on the launch umbil ical  
tower (LUT) at the Kennedy Space Center ,  Florida,  during Apollo and 
Skylab launches. Both models  of the n ~ a x o m e t e r  have been gxtensively 
tested in wind tunnels. The speed range covered in these  tunnel t e s t s  

was approximately 20 m s e c - '  to 130 rn sec-'. The  agreement  between 
the  maxometer  measured  speed and the  independently ohtained tunnel 
speed was  quite good, 

11. DESCRIPTION AND BACKGROUND 

During s ta t ic  t e s t s  and launch of space  vehicles,  ex t remely  l a r g e  
induced flows a r e  generated. If conventional a n e m o m e t e r s  a r e  used in 
a n  a t tempt  t o  m e a s u r e  these  flows, the a t e m o m e t e r s  a r e  usually 
destroyed.  P r i o r  to  the development of the maxomete r ,  a t t empts  t o  
obtain values for ext remely  high flows, whether  induced o r  na tura l ,  
w e r e  by theore t ica l  means ,  i. e., by u s e  of potential flow theory.  Thus,  
the development of the maxomete r  m e e t s  a need of the a tmospher ic  
scientis t  and meteorologist  in the i r  investigations of e x t r e m e  flow condi- 
tions. 



At the  onse t  of the p r o p r a m  fo r  the development  o fpa  peak wind 
s e r s o r ,  the only thought w a s  t o  obtain a s e n s o r  for  xneasuring the induced 
flow f r o m  the  exhaus t  of a l a r g e  s p a c e  vehicle  dur ing  both s t a t i c  tes t ing  
and launch. However ,  s h o r t l y  a f t e r  the  onse t  cf the  p r o g r a m  i t  w a s  
r ea l i zed  tha t  by making s o m e  m i n o r  modif icat ions the  m a x o m e t e r  could 
be used  t o  m e a s u r e  the e x t r e m e  flow of a na tu ra l  wind. Thus ,  the  
s e v e r e  envi ronment  mode; (Model  S) w a s  modif ied,  and a n  ambien t  
envi ronment  model  (Model E) resul ted.  Model S w a s  dehipned  t o  with- 
s tand  high t e m p P r a t u r e s  (approximate ly  2000 O F  for at least 1 ) seconds ) ,  
h i g h  noise l eve l s ,  and  e x c e s s i v e  shock a s soc i a t ed  with the  launch and  
s t a t i c  tes t ing  of s p a c e  vehicle  cngineg. T h i s  mode l  w a s  a l s o  des igned  
t o  be used  t o  m e a s u r e  flow f r o m  fixed p r e d e t e r m i n e d  d i r ec t i c~ns .  

Unlike Model S, the Model E d o e s  r ,L have t o  withstand such  a 
h a r s h  environment .  Thus ,  the m a t e r i a l s  u sed  in Model E w e r e  l e s s  
expens ive  than those  used  in  Model S. T h e  Model E w a s  des igned  to  
a l ign  the sens ing  e l e m e n t  into the  wind r e g a r d l e s s  of wind d i rec t ion .  
The  sens ing  e l emen t  of both mode l s  i s  a 10. 2 c e n t i m e t e r  d i a m e t e r  d i sc .  
P r e s s u r e  f r o m  the fluid flow ac t ing  on  the  d i s c  wil l  c a u s e  a cornpress ion  
of the  l i n e a r  s p r i n g s  inside the maxomete r .  A clutch s y s t e m  wi l l  lock  
the sp r ing  s y s t e m  a t  i t s  m o s t  c o m p r e s s e d  point until  a s t r o n g e r  flow is 
encountered  o r  until  i t  h a s  been manual ly  releaser!. T h e  n ~ a x o n l e t e r  
and i t s  p a r t s  a r e  ~ h o w n  in F i g u r e  1. 

At va r ious  t i m e s  dur ing  the development  of the  m a x o m e t e r ,  
s e v e r a l  modif icat ions w e r e  cons idered .  Only one h a s  or  i s  being 
implemented  a t  p re sen t .  That  i s  the e l imina t icn  of one of the sp r ing?  
( s m a l l e r  one)  in  the  maxomete r .  The  s m a l l e r  sp r ing  w a s  o n l y  usefu l  
f o r  m e a s u r i n g  low flow r a t e s ;  and s ince  conventional a n ~ r i ~ o n i c f  ~ r s  cculd 
be used  f o r  m e a s u r i n g  t h e s e  va lues ,  it w a s  considerer l  tha t  the e l i m i -  
nation of t h i s  s p r i n g  would s impl i fy  the  s e n s o r  and main ta in  the capa-  
bi l i ty  of i t s  p r i m a r y  function, m e a s u r i n g  peak flow. Two o t h e r  rnodifi-  
ca t ions  which w e r e  cons ide red  and  subsequent ly dropped  w e r e  the  a d -  
dition of a deicing o r  znt i - ic ing unit  and the  addi t ion of s o m e  f o r m  of 
pro tec t ive  dev ice  o v e r  t he  sens ing  d i s c  s o  tha t  flying d e b r i s  would not 
i n t e r f e r e  with the  flow being m e a s u r e d .  T h e s e  last two poss ib le  mod i -  
f icat ions have been suggested t o  the au tho r s ;  however ,  no r easonab le  
method hae been found f o r  accompl ish ing  them.  





?. 

1.11. F I E L ~  MEASUREMENTS - , - 

The maxometer has been useci to  measure  ex t reme induced -flow 
caused by the exhaust f rom launch 'vehicles. The vehicles, which were  
launched f rom Cape Kennedy, Florida, were  the launch vehicles for two 

. of the Apolla miss  iona and three of t h e  Skylab flights. Specifically, 
flow data w e w  ~ h t a  ined for Apollo 15 and 16 and for Skylab I, 11, and T I T .  
The peak now values obtained for Apollo 15 and 16 were  reported [ I  1 to - 
be approximately 100 and 55 m seco', respectively. Fo r  the Skylab 
launches, peak flow speeds of 95, 90 and 105 m / s e c  were  found for 
Skylab I, 11, and 111, respectively. 

Attempts were  ,made to obtain peak flow values f rom three 
locations on the face of the L U T  (two a t  the 67-m level and one a t  the 
110-m level) for the Apollo and Skylab flights. Table 1 gives the peak 
flow values obtained during these launches. It should be noted that some 
of the maxometers were broken during these tests.  The broken sensors  
appeared to have had a large la teral  force acting on them. As a resul t  
of this la teral  fqrce, the maxometer a t  the 1 10-m level was tilted a t  a 
30-degree angle in the las t  few tests. It can be noted that the largest  
value obtained came from the las t  Skylab launch a t  the 1 10-m level 
(maxometer tilted a t  a 30-degree angle). 

It was hoped that a sufficient number of maxometers could be 
placed on the IIUT so that the induced flow could be mapped. However, 
for various reasons this was not possible; thus, we were only al4e to 
state what the possible extreme flow was down t h e  . lace  of the LrlT 
(see  Table 1 ). 

The rnaxrnmeters have aiso been tested in the natural environment. 
A brief  disc.ussinn of these environmental t es t s  i s  given in Reference 1. 
These environnlental t es t s  were inconclusive because the wind speeds 
encountered in most  cases  were  below the threshold value of the maxo- 
meter ,  which i s  approximately 15 mlsec.  The maxometer was tested 
a t  the following sites: the Hurricane Resea l'ch Center, Miami, Florida; 
the National Weather Service, Bootheville, Louisiana; and the Naval 
Air Station, Corpus Christi,  Texas, Plans a r e  presently under way to 
have the maxometers installed a t  various locations along the Gulf Coast 
of the U. S, in the hope of possibly obtaining wind measurements  
associated with a hurricane. 



T
A
B
L
E
 1

. 
M

A
X

O
M

E
T

E
R

 I
N

D
U

C
E

D
 F

L
O

W
 M

E
A

S
U

R
E

M
E

N
T

S
 

ST
AT

IO
N 

A
. 

87
 m

. 
(N

O
R

T
H

E
A

S
T

 C
O

R
N

E
R

) 

8.
 

67
 m

. 
(N

O
R

TH
W

E
S

T 
C

O
R

N
E

R
) 

C
. 

11
0 

m
. 

(T
O

P
 C

E
N

T
E

R
) 

67
 m

. 
(N

O
R

T
H

E
A

S
T

 C
O

R
N

E
R

) 

67
 m

. 
(N

O
R

T
H

W
E

S
T

 C
O

R
N

E
R

) 

11
0 

m
. 

(T
O

P
 C

E
N

T
E

R
) 

AP
OL

LO
 1

5 

D
E

S
T

R
O

Y
 E

D
 

* 
D

A
T

A
 B

E
LO

W
 T

H
R

E
S

H
O

L
D

 O
F

-2
0m

lS
E

C
 

AP
OL

LO
 1

6 

9
0

m
I S

EC
 

*4
4*

 

**
 

N
O

T
 C

O
N

S
ID

E
R

E
D

 T
O

 B
E 

A
C

C
U

R
A

T
E

 D
U

E
 T

O
 I

N
S

T
R

U
M

E
N

T
 D

A
M

A
G

E
 

**
* 

N
O

 D
A

T
A

 R
E

C
E

IV
E

D
 

**
**

 
D

A
T

A
 Q

U
A

L
IT

Y
 T

O
O

 P
O

O
R

 T
O

 U
S

E
 

AP
OL

LO
 1

7 

SK
YI

A
B

 I
 I I

 



IV. STATIC TESTS 

The  n ~ a x o r n e t e r s  w e r e  s ra t ic  t e s t ed  in J u l y  1973 on a Dillon 
Un ive r sa l  Tes t ing  Machine (Model  M- 1 1. T h e s e  t e s t s  consis tp- '  .' 

applying a fo rce  t o  the sens ing  eleme.i i  ( d i s c )  of the m a ~ o n 1 e F . l ~  and 
m e a s u r i n g  the  f o r c e  n e c e s s a r y  t o  d i sp l ace  the  d i s c  given di r  trices, .'\ 

tvpical  plot f r o m  one of t h e s e  t e s t s  is i l l u s t r a t ed  in F i g u r e  2. In t h i s  
f i gu re  the  s c a l e  h a s  been doubled; i .  e . ,  20 millirn/;t,-r3 on the  f igure 
i s  eqnal  t o  10 m i l l i m e t e r s  of d i sp lacement .  

T h e  m a j o r  fact  i l l u s t r a t ed  in  F i g u r e  2 i s  the  appa ren t  l i n e a r i t y  
of the s p r i n g s  used in  the m a x o m e t e r s .  In the  f igure ,  the  c u r v e  f r o m  
z e r o  t o  app rox ima te ly  6 3  m i l l i m e t e r s  is f o r  the  s m a l l  sp r ing  only 
(F ig .  1) .  The  r e m a i n d e r  of the cu rve  i l l u s t r a t e s  the  l i n e a r i t y  re la t ion-  
sh ip  fo r  the s m a l l  and l a r g e  sp r ing  together .  T h e  s m a l l  pe r tu rba t ions  
on  the  c u r v e  a r e  bel ieved t o  be a l m o s t  en t i r e ly  caused  by in t e rna l  
f r ic t ion.  

A s  a r e s o l t  of t h e s e  s t a t i c  t e s t s  and the wind tunnel  t e s t s ,  t o  he 
d i s c u s s e d  in the next  sec t ion ,  s e r i o u s  cons idera t ion  i s  being given t o  
el iminat ing the s m a l l  spr ing .  In fac t ,  one in s t rumen t  f o r  the  tunnel 
t e s t s  had only one sp r ing .  The  only :+pparent effect  w a s  the change in  
the threshold  of the m a x o m e t e r ,  which w a s  t o  be expected.  

V. WIND TUNNEL TESTS 

During J a n u a r y  1974, wind tunnel  t e s t s  of the  m a x o m e t e r s  w e r e  
conducted jn the  high-speed 2 by 3 m e t e r  (7  by 10 foot) wind tunnel  at. 

the  Lang ley  R e s e a r c h  C e n t e r ,  Virginia. A discusair)n of t h i s  tunnel i s  
given in Re fe rence  2. T h e s e  t:lnnel  test^ w e r e  f o ~  calibrating the 
m a x o m e t e r s .  A total of 37 n ~ a x o m e t e r s  w e r e  t e s t ed  in 71 individual 
t e s t s  fo r  a q p ~ e d  range  of 20 to 130 m / s e c .  Up to t h r e e  i n s t r u m e n t s  
w e r e  tes ted  a t  a t i m e  (F ig ,  1 ). 

F i g u r e s  3 and 4 a r e  g r a p h s  of the r e s u l t s  of the  wind tunnel  
t e s t s .  A s c a t t e r  plot o f  m a x o m e t e r  rneasu red  speed  v e r s u s  d i sp l ace -  
m e n t  of the s e n s i ~ i g  d i s c  i s  p re sen ted  in F i g u r e  3 fo r  t h r e e  m a x o m e t e r s .  
The  sol id  l ine i n  t h i s  f i gu re  i s  a plot of 





LEGEND 
%-SENSOR 011 
+-SENSOR 017 
*-SENSOR 020 

Figure 3. Maxometer speed versus  displacement. 





for  D 5 6 3 . 5  mm and 

1 

u = 23.20 [ f D  - 60.201 A]' 

for  D r 63.5 nlm, where  

A = (T t 459. b 7 l l P  

and A i s  held constant (31, T is ambient  t empera tu re  (OF), arld P is 
ambient  p r e s s u r e  ( n ~ b ) ;  Also, in th is  f igure values are given for  t h r e e  
ins t ruments  tes ted  under tvnnel ambient  t empera tu re  and p ressure .  
Equations 1 through 3 a r e  the equations t o  be used to  determine the  flow 
sensed by the maxometers .  F r o m  these  equations, i t  i s  readily seen 
that t h r e e  inputs a r e  necessary;  namely, displacement of sensing 
element,  ambient  p r e s s u r e ,  and ambient  temperature .  

F igure  4 is a .-omparison of the maxomete r  measured  flow and 
s conventional wind tunnel measurement  of the tunnel flow. The  
n ~ a x o m e t e r   value^ w a r e  dztermined by u s e  of Equations 1 through 3. 
Th i s  figure shows that  while t!w resu l t s  obtained f rom the January  1974 
(X 'S  in f igure)  tests w e r e  not as des i rab le  as the earlier t e s t s  (0's in 
f igure) ,  they a r e  fa i r ly  good. The root-mean-square e r r o r  (RMSEI of 
the  maxorneter  data used in the f igure was determined by u s e  of 

where  u i s  the speed value Lor the maxometer ,  u, is the  speed of the  

w-ii:d tnnnei instrument,  and N i s  the number of data  points used. F o r  
the e a r l i e r  t e s t s  N 1.1 123, and a RMSE of *2.O m l s e c  w a s  obtained. In 
the 1.874 tests N = 209, and the RMSE w a s  found to  be *7.O m l s a c .  

The average  absolute e r r o r  (Z) was determined by 

atld v-as found to be 1. h m l s e c  and 5.8 mleec for the 1970 and 1974 
r t . ~ t s ,  respectively. 



From Figure 4 it can be seen that the e r ror  is approximately 
constant over the range measured. For errorless measurements, all 
the data would be on the line where u = uc. The *'lo mlsec lines 

I 
basically envelope the data with the exception of the speed values in the 
6b mleec range. As a matter of note, the RMSE and the average 
absolute e r ror  for the range 50 to 80 m/sec were found to be 9.0 and 

t a  8.3 mlsec, respectively. No reason could be found for the large e r ror  
in this range. The loweat RMSE and lowest average absolute e r ro r  
were for the speed range of 100 to 125 m/sec. For this range they 
were 5.9 and 4.5 mlsec, respectively. 
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