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STATISTICAL ANALYSIS OF PRESSURE MEASUREMENTS

I Introduction

Over the past several years a certain amount of nonerepeatabile

ity has been noticed in the static pressure measurements made in the

Us M, E4 Ry I, Mach number 1.90 channel, At the time of the testing
conducted under project M=950, a number of test section static pressures
were measured in an attempt to locate the éause of this none-repeatabil-
ity. The present report contains a.statistical analysis of this static
pressure data, The technique ﬁsedJCannotupossibly determine explicitly
the cause of the non-repeztability. itather, we may expect to eliminate
certain causes. At the same time it i's hoped that this analysis will
help to answer the question of how.accurately a static pressure can be

measured in this tunnel using mercury manometers,

Il  Standard Deviations of Static Pressure Orifices Bank I.

In order to get some idea of the accuracy of the readings of
static pressure orifices and of twtal head tubes a study of the standard
deviation of these readings was undertaken, The wall orifices 167, L67,
567, and 667 were included in the same bank as the tubes that were cone
nectsd to the orifices on the wedge probe, This bank only had 15 mano=
meters in use so that the camera could be put up closer in order that
the manometer print would be bigger and easier to read, For this reason
and since the manometer prints were read in such a way thét the inter-

polation was done with a dial gauge the errors introduced in reading thess




tubes are somewhat less than those in the tubes in the other bank, which
means that the corresponding standard deviations will be less, The wall
orifice data for 167, L67, 567, 667 was taken continuously with the wedge
probe data so that there was a total of 37 runs split up among four days
upon which to base the average and standard deviations at Mach number
1.90,

Table I gives a list of previously obtained orifice pressure
ratios listed in the M = 1,90 calibration report, the present average ori-
fice pressure ratio and the standard deviation of the orifice pressure
ratios based on thé four day mean, The standard deviation would be some-
what less if the standard deviation were computed each day from the daily
mean, since this mean changes with barometric pressure and is different on
successive days. The first column in Table I is not complete since pre-
vious wall orifice data was not available for the same orifices as were
}used in the present series of tests at Mach numbers 1,.5 and 2,85,

Since the standard deviations of p/pb are the same irregardless
of the value of p/Pp and hence the Mach number, it seems probable that
the cause is an error in reading (e.g., an error in the manometer) the pres=
sure p and that the error is constant and independent of the value of p,

The standard deviation of the pressure itself is then py x a@y@b = 29
(.00047) = ,0136% Hg

Assuming that all the 07's are basically the same we will try
statistically to analyze them, We have 16 values of 0 for which the mean -
value is 0 = ,OOOQ?. I it can be shown thet p/pb is distributed normally,
which it is roughly as will be proved later, then theory indicates that the
standard deviation of a series of measurements of €, @ (09 will be G (o) =
j%éi?here N is number of observations used to compute each individuai 0 ,
So that in our case N = 37 and G- (¢07) = 9~ = 000055 (the value of G (o)

N4



computed from the values of @ itself turned out tc be ¢ () = ,00007).
Fach value of 6 should be within a two O (#) band about the mean 95% of

the time, That is

- = 000036
> + 00047 + ,00011 {.00058}

95% of the time, If we look at the values of ¢ listed we see that all the
0~'s except one fall in this range,

If we consider the second columm of Table I as being accurate
(being based on 37 runs) and the points from the calibration report (column
1) as being compared to it, thep the values should be within 20° 95% of
the time, taking g-at its average value ,00047. Orifices 167, L67, and 567
are well within this band, in fact they are within the one sigma band
(probability of anjone point being in this band is 68%), but orifice 667
is on the edge of the 5@ band which is highly improbable, This suggests
that there has been some major change in orifice 667 since the last test,

such as the appearance of a leak,

171 Standard Deviations 2§ Static Pressure Orifices Bank _I_l.

Table II contains the mean values of p/p, and the associated
standard deviations for orifices 152<, 157, and 161, The mean value of
these standard deviations is 00062 with @”(69) = 00015, There are four

stendard deviations which lie outside the mean valué of o +2 0 (), i.e.,
»00062 + ,00030, The fact that the mean velue of ¢~ for these orifices is
larger than the mean value of ¢ for orifices 167 through 667 is probably
due to the greater accuracy with which it was possible to measure the

heights of the mercury columns for orifices of 167 through 667,

IV Standard Deviations c_:»’g Total Head E Boundary Layer.

Table III lists the various values of the ratio of total hesd



ol

t¢ barometric pressure which were measured with a five prong total head
rake in the boundary layer of the Mach number 1,90 channel, Fig. 1 shows
the location of the total head rake in the test section and the position
of each of the five total head tubes in the rake, The standard deviations
of these total head ratios are approximately three tc four times the
standard deviations measured for the static to.barometric pressure ratios
at orifices 167 through 667. There are three immediately obvious reasons

for this larger standard deviaticn in the boundary layer total heads:

1) the total head tubes cannot possibly be as solidly mounted with
respect to the test section as the static pressure orifices so
that it is possible that the total head tubes oscillated slightly

during a run;

2) the measurements were made in the boundary layer so that a large
total head gradient normal to the test section floor is present
and hence any slight movement of the total head tube will in effect
give some average reading over a portion of the total head grad-

~ient in the boundary layer;

3) the total head tubes were in a separate manometer bank from
orifices 167 through 667 and since this bank contained more tubes
the photographs of the tubes were necessarily less readable (this
probably means that the total head standard deviations are really
only two to three times as large as comparable static pressure

standard deviations),

For the total head tube readings ¢ (69 = ,000L2 and all of the
total head readings lie in a band + 2§ from their mean value, i.e., all

readings are ,00178 + .0008L.



Vv Distribution Function

An attempt was made to find the distribution function for the
deviations of the méasured pressure ratios from their mean value, The
reason for doing this was to try to ascertain whether the measuring errors
were random (i.e., whether or not they had a normal probability distribu-
tion) and to see if it might be possible to infer something about the
errors from their probability distribution, If the errors are normally
distributed then the probability that any given measurement lies within
the mean value + )\ ¢~ can be determined for any value of >\ R | Iﬁ general
it is difficult to discuss the probability of the occurance of an error
of given magnitude if the distribution function is not known, However,
irregardless of the distribution funciion which applies to the measure=
ments under consideration we still obtein some idea as to the accuracy of
the measuremenis by applying the Tchybecheff inequality which may be
stated as follows: the probability of a measurement lying outside the
..‘_,1_ for N»1, For example if}\ = 2

N
the probability of incurring an error greater than + ,0009L in the static

range, mean value + N0 is less than

to barometric pressure ratioc is .25 if the measurements have been made
with the same accuracy as those in Table I where ¢ = ,00047. The results
obtained using this inequality are of course extremely conservative since
if we assume the data to be distributed according to the normal law the
probability would be ,0455,

Since there appears to be scme correlation between the baro=
retric pressure and the orifice pressure ratio (see section VI and since
the barometric pressure varied only a small amount during one day although
it varied considerzbly from day to day, the deviations of the pressure ratios
were taken with regard to their daily mean, Also the three orifices Lé1,

567, and 667 were taken together in the study since in the application of
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the methods used to determine a distribution function it is necessary to
have as many points as possible in order to make any clear cut statements,
It was believed that the three orifices could be grouped together becausev
physically they represent the same system, orifice, connecting tube and
manometer tube, and statistically they have comparable standard deviations,

The GrameCharlier method was used to find the distribution
function, In this method the distribution function is approximated by a
sum made up of the normal curve and a linear combinaiion’qf its derive-
tives, Ordinarily the normal curve plus a combination of its third and
fourth derivatives are used to describe the distribution function., The
constants in this law are determined in such a way that the curve has the
second, third and fourth moments the same as the ekperimental data (i.e.,
the variance, the skewness and the flatness are matched), The higher
moments are very sensitive to small changes in the experimental data so
that normally no higher moments are computed and no more terms are taken
in the Gram=Charlier approximation,

The means for each day and the deviations from them were com=
puted, then according to the‘Gram-Charlier method the deviations were
grouped inte classes and the moments and experimental probabilities were
computed from this data, The class interval was taken as 0002 in the
pressure ratio since this gave a fairly good compromise betweeﬁ the number
of classes and the number of deviations in each class and also it was
felt that this was just about the minimum difference in pressure ratio
that has any meaning when the reading accuracy is considered.

From the value of the moments computed from the data the para=
meters in the GrameCharlier law can be easilj computed (see Ref, 1). The
mean and standard deviation give the first term, the normal law, and the

skewness and flatness determine the size of the other two terms, In the

present case the curvé that was obtained was not far different from the
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normal law and if more data had been available it is possible that the form
of the curve would be more nearly normal although there is no definite
reason why it should be,

In order to check the accuracy of a distribution function it is
necessary to compare the experimental and theoreticsl values of the prob-
ability that a point is in each of the class intervals, This comparison
is the basis of the Pearson goodness of fit test. The experimental pro=
babilities are computed by dividing the number of points in the intervals
by the total number of observations. The theoretical probabilities are
computed as the area under the distribution curves between the two ends
of the class interval, The area can be obtained from tables of the area
under the normal curve and of the derivatives of the normal cufve. A
graph of these probabilities for the normal distribution (first approxi=-
mation to the Gtam-Charlier), the Gram=Charlier distribution, and the
experimental points are shown in Fig. 2,

When the experimental and theoretical probability distribution
law were determined,the Pearson'x:.(goodness of fit) test was applied to
establish how well the theoretical curve represented the data, The result
of the test gzives the probability P that if the tests are repeated that
larger deviations from the expected values of the pfobabilities would be
found, The probability P is .4 for the Gram=Charlier distribution and
«2 for the normal distribution having the same mean and standard deviation
as the data, A probability P = .5 would mean that we are as likely as
not to get a better set of data on repeating the tests whereas a very low
value of P means that it will not be strange if when we repeat the tests we
get larger deviations from the assumed law, this would either mean that
the assumed distribution is wrong or that the data is not representative,

In the present case P even for the normal distribution is not small enough



to invalidate the normal distribution, The difference between the normal
and Gram-Charlier distributions is not very great in the present case so
that we can probably use either one unless later data shows that the dis-
tribution function is actually skew in the direction found here or does

posses some flatness,

VI Correlation Coefficients

In attempting to isolate the cause of the non-repeatability it
was decided to try to find some correlation between p/p, and as many of the
various physical quantities e.ze, pp, To, etc., as might effect the value
of p/pb. The correlation coefficients which indicate the importance of the

trends are obtained from the usual formula:

. = NS xy - ZxEy
x4 T = -
\![zxt— (e ][ 4" - w(z~)"]

In interpreting the various values which the correlation

coefficient Txy Mmay assume we should notice first that

1) Txy = *l indicates that there is some difinite linear relation=
ship between x and y such that for every given value of x there

is a unique value of y;

2) Tyy = 0 indicates that a knowledge of x gives no indication what-

soever as to the value of y and vice versa.

In correlation theory two least square error lines (regression
lines) are fitted to the data points one which assumes x is accurate and
all the error is in y (the regression line y on x) and the other in which
all the error is assumed in x and y is taken as accurate (the regression

line x on y). The theory shows that if x has a standard deviation.ﬂ‘k when
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no account of the correlation is taken and a standard deviation Gf%,y when
‘the deviations are taken parallel to the x axis from the regression line

x on y then these two standard deviations are related by the formula

G_**‘a-:: 6*;\]\— r.‘ji

If for example r__ is equal to 1 thendf;,y = 0 and therefore the sum of

1

Xy
the squares of the distances of the point from the correlation line is

zero which means that all the points must be on the correlation line,
There remains two questions with respect to the value of the

correlation coefficient namely:
a) what is the significance of 0 < | ¥yl &1 g

b) what is the accuracy of a value of Pyy which hss been determined

from a sample of the data,

Some idea as to the accuracy of r,. when computed from a finite

Xy
sample of data rmay be cbtalned from Fige, 3 which is a plot of the probable

error in Tyy 38 2 function of Tyy computed from the formula

YL
Poio(vy) = V= Vam (LB715)

VN

where N is the number of observations on which Ty is based.

The question of the significance of a value of 0 <} rwlél is
not so easy to answer but it is usually approached in the following way.
We consider the other corrslation coefficients that we might have obtained
if the datawere completely scrambled (i.e., the k}paired with different

y's), some of thesc coefficients might be large and some might be small,

Ordinarily a correlation coefticient is considered good if a better one
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could be obtained from the scrambled data less than 10% of the time,
Charts based on this .10 probability (see Ref, L) indicate that if the
coefficient is based on 37 observations then a coefficient Tey = 23
could be obtained 104 of the time from data which basically has no
correlation so that a value less than .28 is insignificant as far as

drawing conclusions are concerned, Ifurthermore, the probability of

Xy = ;2 at random from uncorrelated data is .01 and that

getting an r

of getting r._ = .32 at random is ,05. In other words if we obtain a

Xy
correlation coefficient of ,6 or .7 from 37 observations there is an
extremely small chance that it is actually obtained from data that is
really unrelated,

Correlation coefficients of one are not obtained even though
there may be physically some definite relation between the two quanities
beingAcorrelated because there is a measuring error‘in\determining the
quanities which clouds the underlying relation.

Basically what is attempted in a correlation study is o vary
one parameter and to observe the behavior of the others to try to deter=
mine their connection, A natural difficulty that is encountered in the
present pfoblem is that the basic parameters such as barometric pressure
and atmospheric temperature can not be varied independeatly or at will,
In the present series of tests at M = 1,90 we were in the fortunate posi-
tion, from the statistical point of view, of having the barometric
pressure vary by about an inch in approximately equal steps over the:
period of L days during which the tests were run. In the case of the bag
temperature the conclusions are probably not very trustworthy since the
temperature did not vary over a very wide range and the accuracy of the
reading is probably bad in comparison with the extent of its variation,

It should also be kept in mind that the correlation study can
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only indicate when two variables fluctuate together but it can not deter-
mine which variable causes the change in the other, In fact it is quite
possible that néither of the variables is the actual cause of the fluc-
tuations but that some third variable produces the changes in both the

original variables,

VII Correlation - Coefficients Computed from Data,

It was originally intended to correlate p/p, with the shift

in the shock pattern as obssarved onbthe schlizren photographs. This was

position of the
found to be impossible since the accuracy with which the,shock wave
pattern could be determined was of the same order of magnitude as the
observed shift in the pattern,

This might be interperted to mean that the shift in the Mach
pattern is so small that it can not be the cause of the changes in the
pressure ratios, At least there is no large translation of the ﬁattern
which would shift the pressures although there may be a small rotation
of the lines corresponding to a change in strength of the waves,

All correlation coefficients obtained are presented in Table IV,

-Thess correlations fall inte five nmajor groups:
1) correlations of p/pb vs. bag temperature
2) correlations of p/pb vs, deviations in reference pressure
3) correlations of p/pb at one orifice with p/pb at another orifice,
L) correlations of p/pb vs py

5) correlations of total head in the boundary layer vs, R, and p/pb
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1) Bag Temperature.

2)

The correlations of p/p, at orifices L67 and 567 with the bag
temperature,.Tbag, are given in Table IV as =,38 and =,29 respec=
tively, As has been previously pointed out a correlation of =,29
is quite meaningless while a correlation of -.38 is marginal, so
that it would appear that there is no connection between p/p, and
Tbag' It is however hard to make definite statements since the
rangé over which Toag varied was very small (of the order of 20°
over the L days that the test were run), In order to really get
the effect of Tbag it would be desireable to vary the bag tempera-
ture between early morning and noon Br to heat the air in the bag

artifically in order to give a wide range in Tbag'

Deviations ig Reference Pressure,

Since any change in barometric pressure will cause a change
in the height of the meréury columns used to measure the absolute
zero reference pressure as well as a change in the height of the
mercury columns used to measure the static pressure at any orifice,
it was felt that there might be some connection between the value
of the reference pressure as measured from a manometsr photograph
and the value oi_‘lp/pb the pressure ratio, This might be due to
sone lag between the change in barometer and the change in refer-
ence pressure possibly as a result of dirt in the mercury causing
the mercury to stick to the glass, An error in the reference
pressure would cause an error in the read value of the orifice pres-
sure without a change in P, 80 that the ratilo p/pb would be changed
correspondingly. It had been already established that there is a

connection between p/pb and p, (see section VII, (L)) so that it
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was necessary to remove the effect of p, on the referepce pressure
as a possible cause, This was done by computing the daily average
of the reference‘pressﬁre reading and then plotting the deviations
from this daily average versus the p/pb from a representive orifice
667 (see Fig, U)e. The correlation coefficient was computed as

«27 * .1 so that it is safe to say that there is no connection
between changes in the height of the reference column of mercury

and the static pressure ratios,

Correlations between p/p, at Two Different Orifices,

The location of all orifices is shown in Fig, 5, From Table
IV it appears that orifices 467, 567, 667 are all correlated with
each other and that the correlation cecefficients vary in value from
62 to .76, These coefficients are well above the marginal values
of correlation coefficients quoted previously., It thus appears
that all the 6rifices in the vertical plane 12 inches upstream of
the tunnel and perpendicular to the flow direction give high and
low readings approximately simultaneously. On the other hand the
correlation coefficients between orifice L6T7 and orifices 100, 121,
152 and 157 are =.29, O, =.52, +.04 so that there seems to be no
systematic connection between all these orifices and the orifices
in the vertical plane with L67. This may be due to the fact that
sone of the nozzle side orifices might have been plugged, One
possible explanation for this lack of correlation is the fact that
the manometer connected to orifice 467 was in a different bank from
the manometers comnected to orifices 100, 121, 152 and.157. The
table also shows that the correlation coefficient between orifices
100 and 121 is .29, betwsen orifices 152 and 157 is -,06, and

between orifices 152 and 161 is =.09, All of these valnes are
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below the value quoted previously as being the minimum value to
which any Significance nay be atbached, It may be significant
that orifice 152 is upstream of the nozzle - test section juncture
while orifices 157 and 161 are downstream of this junciure,

It is possible that the Junctures in the ceiling and floor
and the junctures in the side walls do not produce identical effects
so that their combined effect on any one orifice may not be the
same as their combined effect.on some other orifice, This would
then account for the cofrelation coéfficients between orifices
152, 157, 161 and L67, The table of correlation coefficients gives
a correlation of .59 between orifices 157 and 161, These two

orifices are L inchesapart in the streamwiss direction,

Correlations of p/pb versus Barometric Pressure,

Perhaps the most astounding result of the entire analysis was
the correlation of p/p, with P, Fig. 6 shows a plot of p/p, from
orifice 667 vs., pb.. The value of the correlation coefficient is
+,65, The heavy line is the line of regressi&n of p/p, on Pp 1e%4s
if it is assumed thatrall of the error is in p/p, and a least
square fit is made than this line will be obtained. The lines
pacallel to this heavy line are at a distance of + l.S!;}pb from
the heavy line so that 87% of the points should lie within this
band, The two horizontal liges are at a distance of + 1.5057pb,

Py from the mean value of p/pb so that if there wsre no correlation
87% of the points should fall within this band, For orifice 667
G p/p, = 00049 and e fon, o5 " »00038,

The first coluwm in Table IV gives a list of correlation

coefficients for several orifice pressure ratios when.correlated

with the barometric pressure, An interpertation of the results
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given there is not very easy, If as was mentioned before a
coefficient of about .32 or more is taken as non=trivial then we
ses that there are few trivial ones,

To determine the effect of making temperature corrections
(for the expansion of the mercury and the scales) on'fhe correla=
tion coefficients these corrections were omitted on both the mano-
meter and barometric pressures for orifice L67. This orifice was
then correlated to the barometric pressure and the coefficient
was found to be .42 instead of the value U456 which was found pre-
viously when all the tempefature corrections were made, Although
the corrections seemed to have a small effect in this case ﬁhey
were included in all other computations never the less,

A1l the orifices closest to the test section 167, L67, 567 and
667 have a positive correlation with the barometric pressure, that
is they have an increasing pressure ratio as the barometric pres-
sure increases, All the other orifices have either a negative or
approximately zero correlation with Pye

In order for the pressure ratio p/p, to change with barometric
pressure either 1) there éhould be theoretical grounds for the
variation i,e,, p/p, actually a function of p,e 2) the pressure p
being a difference in level between a reference and a manometer
tube may have some correlation with Py if either of these tubes is
influenced more than the other by tﬁe.barometric pressure, Reason
2) has been eliminated aboan One possible explanation of this
Behavior is that the orifices with positive correlation are in one
bank of manometer tubes and the negative ones in the other however
this is tenatively ruled out since the definite zero-correlation

between orifices 667 and 152 and the reference pressure indicates



that probably this isn't the cause since the pressure ratios for
these orifices were indepéndent of the reference pressure as they
should be,

When the deviations of the reference pressure from its mean
for one bank is plottcd-veréus the deviation for the other bank
it is found that there is a strong positive correlation as would
be expected since bith are responding similarly to changes in
barometric pressure. This means that if one bank had its pressure
ratios with a positive corfelation with baromstric pressure then
the other bank should have the same sort of positive correlation,

A few other possible explanations of the correlation of
pressure ratio with barometric pressure are given here, First
the loads on the tunnel and its deflections may vary with py
causing a varied channel size or a varied shock strength.ffom the
wall junctures., The pressure ratio across the walls of the tuﬁnel
should not vary with p, but the magnitnde of the force applied to
the sides of the tunnel will depend on Ppe A second possible ex-
planation is that there may be some leakage around the seals or
through the walls that varies with pp, and causes a change in the
boundary layer which in turn effects the tunnel tflow and of course
the orifice pressuwre ratio. ILastly the changes in Pp may produce
changes in the Reynolds number of the flow through the channel
which could change the pressure ratio at an orifice either
directlﬁ through a change in the displacement thickness of the
boundary layer or indirectly by a change in the location transi-
tion pointe.

It was considered possilt:ie that the 37 runs on the four days

wers not 37 independent observations Lo determine the trenc of
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orifice presswre ratio with p, but rather that all the runs on
each day should be averaged together and only the days should be
considered as indepgndent. If this were true then it would be
much easier to get a significant looking.result that actually has
no measning, If we have four points to determine a correlation
line we can get a correlation coefficient of .9 at random 10% of
the time even if there is no basic relationship between the varia-
bles and we can get one of (99 random 1% of ihe time, In order to
check to see what the correlation would be if only the days could
be considered independent, all the runs on each day were averaged
as to barometric.pressureband orifice pressure ratio for orifices
667, 157 and 152, Then on the basis of these four average points
for each orifice the correlation coefficients were computed, They
were +,997 for orifice 667, =.696 for 157, and -.869 for 152 where
as they were previously +.65, =.43 and -.67 respectively, The
correlation for 667 is very impressive and probably indicates that
it i3 not accidental that the four days give a consistant result,
The other orifice correlations that were computed were not as high
but they substantiate the findings assuming the 37 runs independent

to some extent,

Total Head in the Boundary Layer,

As has been previcusly pointed out the positive valuve of the
correlation coefficient between p/p, at orifices 167, L67, 567, and
667 and the barometric pressure P, may be due to changes in the
boundary layer thickness, Further evidences that this may be the
case are the correlation coéfficient between total head in the
boundary layer and p/p, at orifice 667 which is -,39 and the core

relation coefficient between total head in the boundary layer and
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barometric pressure which is =,57, The total head tube in the
boundary layer for which these correlations were computed was

+13 inches above the floor, This total head tube will zive some
indication of the thickness of the boundary layer, a higher total
head to barometric pressure ratio corresponding to an increased
velocity at the point ,13 inches above the floor and hence a
decreased boundary layer displacement thickness, This fact is
borne out by the value of the correlation coefficient betwsen the
total head tube .13 inches above the floor and the total head tube
oL3 inches asbove the floor which is .9& (see Fig, 7) and means
that one reading increases with the other total head reading so
that the change in boundary layer thickness is probably the cause,
This is a remarkably high correlation ;oefficient especially in
view of the larger value of the standard deviations associated
with the total pead tubes, We can now say that as the total head
at one point in the boundary layer increases, the velocity at
that point must increase, Then the boundary layer displacement
thickness, &%, decreases and the effective channel area increases
so that p/pb decreases, This trend is also indicated by the cor-
relation coefficients -,39 and -,57 which say that a decrsase in
Pp gives an increase in totsl head which gives a decrease in p/p,.
Furthermore, this agrees with the ocdrrelation coefficients betiween
/Py for orifice 167, U67, 567 and 667 and pp which are positive

and hence indicate & decrease in p/p, with a decrease in py.
VIII Conclusions:

The following general conclusions are apparent:

1) The maximum error in measuring the static to stagnation pressure



ratio is approximately + ,0010;

2) This error appears to be a random error which is inherent in the
measuring technique used; if the dependence of p/pb'on pp is

eliminated,

3) A definite correlation exists between the static to stagnation

pressure ratio and the stagnation pressure;

L) The underlying causes of this correlation are not undersitood but

some possible explanations are pointed out.
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TABLE I

p/py, And Standard Deviations

For Orifices 167 Thru 667,

gﬁer Orifice g.éﬂpi?iation §‘2‘§2‘3“ «

1.L5 167 »2860 +00037
1el5 267 2861 | +000L0
1.5 367 +2966 +000L0
1.L5 L67 +293L «000Ll,
1ob5 567 .2929 .000142
1.L5 6617 2962 00046
1,90 167 JAl65 .1L65 00067
1.90 L67 1390 1394 00048
1490 567 <1407 1112 ~ ,000LY
1,90 667 <1410 <1435 .00049
2.85 167 0301 00049
2.85 267 0303 <000L1
2485 367 .0309 00053
2.85 LT 0313 00048
2485 567 0310 00051

2485 667 022l 00053




TABLE II

p/p,, And Standard Deviations

For Orifices 152, 157 And 161,

Number Day Orifice Orifice Orifice
0f Runs 152 iy 157 0isn 161 el
51-12-19 8 21310 00007 +1355 00065 «1429 00069
"20 7 0131? .00073 01368 bOOO?O 011437 000109
=21 10 .1328 .00055 .1363 .00085 J1L32 00061
-22 10 132 ,00028 .1356 ,00036 1433 ,00023
TABLE IIT

Total Head Headings In The Boundary

Layer And Their Standard Deviations.

' Number
-y q--
y  Ofiws (B/ph 01 (/e G (/ep 5 (W/m), 03 (/) o
2=19 1 02935 L0018 3778 L0018 LLL26  L,0023 L4976  ,0022 L5519  L.OOLY
=20 7 e2967 L0014 L3812 L0023 LJLL6O  L,O01L L5011 L0015 L5548 LOOLL

21 14 L2976 L0018 3811 L0021 LhlS2  L00LL L5002 L0012 L5539 L0012
=22 15 02950 L0016 L3781 L0019 LLL37 L0020 .i986  ,0022  ,5527  .0021




TABLL IV

Correlation Coefficients

100 152 157

O~
[9))
-

Py Ty, ag L67 567

16700;-ooconoco|su+055
)46?00....!'0.’!".+.}.§60...0-.38

gé?l..l'f...‘tll’.*’.éaﬁbDu.‘.29il¢ﬂ+.62

-

6670;...ooao.s’noo*’o(}iﬁcoooloa.sv~;o+0760000*0?3

l{;X)..’.'OOOSC.Q'.O-.:;B’.O....@l‘..‘+.2’9
lzl.’lii...l.'.ll0-01::;600...l“"...ﬁot’.‘btﬂ...Q'll.lﬁ'.ﬁ.*.29
1£‘;200.o¢90ooocotoo".S?ooo-;oo;soc30'052
1\57.'.300.‘0‘.00.&-.}‘30I0.'0"00.C'+.Ol‘400.l.0.0..0’)'0.00.0'...0.0‘-006

léllobcooeoooovovo"oll.cotococccoaoooooaoao.-o;oocoooo-'-sooouesbob-tof)nno"'osg
Total Head Tube
.No. 2 iﬂ B'BQ a.ic.co-of’;?ouocooonn;o'a-ao-aoo:o-ocooou"o39
467 without Temp,
GQFI’GC'biQnE.i........’b'hz
667 Using L
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157 Using o
Poin‘bs........u.....“-'TO
152 Using L
POiﬂtSﬂoooo.yooooonou-i‘%?
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Pressure Orifice Numbering
Sys'fem - UMER) Turmel
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