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EVALUATION METHODS FOR
AIRVELOCITY MEASUREMENTS IN
AIR-CONDITIONED ROOMS

DR-ING. BRUNO GRAFF

ABSTRACT

The uncertainty of measurement results of air velocities in air-conditioned
rocoms generally is very high. A considerable part of the measurement errors
are caused by the esvaluation methods.

It is shown that the accuracy of results can be amelioratsd by using
suitable statistical methods without increasing the effort. In this case bi-
nomial distribution gives better results than Gaussian distributien.

To optimize the duration of measurements the most favorable reading inte:r-

val must be determined, This time interval can be defined by the autocerrelatic-
function of air velocity.

1, INTRODUCTION

Rir=-conditioning's main task is to provide and to maintain the necessary envirc-
mental conditions for technical and biological processes. In these processes,
mass transfer and snergy transfer take place to changse the conditions in the
room without any external influences.

To maintain the required conditions, air-conditioning systems generally
utilize air currents capable of equalizing the energy load and the mass load
in the room, The air supply to the conditioned roem and also the air exhaust
greatly influence the velocity, temperature and mass concentration distributic-.

The analytical models used today to predict the velocity, temperature anc
concentration distributions in concluded air spaces differ in approach and
feature major uncertainties.

For high air velocities (for instance, in industrial air conditioning) a
large number of empiric equations allow a fairly accurate and useable predictic’
for various geometries of air inlsts and various room configuratians.

In rooms occupied by people and in a space that includes many obstacles,
predicticons based on these empirical equations are very difficult, if not im-
possible., Thede are the reasons why experimental approaches are generally usec
to obtain the data for the air-conditioning systems., Models (very often in sca-=
1 to 1) used in these approaches normally feature highly variable air velocit:
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To svaluats the thermal comfaort it is necessary to consider the time vari-
jrion of this air motion., Today, measurements and evaluation methods of air
elocltlas in air-conditioned roams ars insufficient to prove sexactly if com-

,4alnts about drafts have real causes.

THE GOAL OF MEASURING AIR VELOCITIES IN AIR CONDITIONED ROOMS

.
Snemmamm——

--a turbulent jet ventilation used today produces very large variations of air
siocity in air-conditioned rooms. Fige. 1 shows typical air velocity variations.

The data in Fig. 1 show a lot of information which is very difficult to
indle. To fix, for instance, the guaranteed data it is necessary to reduce the
:~rire information to a few values., With this method we aluays have a remarkable
-5 of information,

Because mass flow caused by diffusian can not reduce the concentration of
.ir contamination to the right value, it is necessary to change the air com=-
cately in all parts of the room, and therefore we need a prediction of air
2locity in the ambient zone. For this prediction it is only necessary to knouw

-~z mean value of air velocity.

Further air motion must be valuated with regard to drafts, There is no
-~upt that air velocity has a major influence on thermal caomfort, and thersfore
-2 alr motion must be well designed to be able to avoid any draft,

At particulary mean value of air velocity it is possible to feel a draft
. there is a strong variation of velocity in a short time; but without any
ijnificant variation the same mean value will not cause any noticeable draft.

A lot of investigations have been made to correlate the variations in air
.elocity with thermal comfort. The main goal of measuring air velocitiss is the
:zcermination of repeatable values which predict the mean value and the standard
;eviatian,

Because the variations show a random trend it is necessary to analyze the
zasurements optimaly using determinated statistical means, In particular, it
3 not permissable to utilize statistical dlstrlbutlon laws which have not been

sarefully demonstrated to be applicable,

~.

‘s CURRENT ANALYSIS METHODS

'ﬁe analysis methods used today to derive characteristic values for the de-

rmination of the main trend of air velocities and the variation of the values
specific times are based on the hypothesis of the Gaussian distribution.
thods without any specific distribution laws are very seldom used.

Until now it was impossible to prove that velocities at any instant in
‘ir-conditioned spaces fit the normal distribution. Quite to the contrary,
ixisting facts indicate that the velocity does not follow the law of normal
-istribution. The use of the wrong hypothesis for velocity variations causes
"ajor errors in the results.

The analy31s of velocity measurements by a method not using anly lauw of
‘istribution gives the correct characteristic data for the specific sample being
*ensidered, Howsever, these measurement results do not provide enough information
‘8garding the overall trend of velocity,

The velocity measurement may include significant errors caused by the
gnsor because its output depends an thse flow direction which is not considered
:N this paper., In addition erraors may be caused by using the wrong sampling
-echnique; i, e. the result may be wrong if tha sampling method is not repre-
38ntative for the velocity distribution.
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3.1 Apalysis Using Gaussian Distribution

To be able to use the normal distribution for analyzing measurements of
velocities, it is necessary to have a large number of instant values of velocity
at the same location. Thess values must be classified either on the basis of a
time method or by a sampling method.

In using the first method, the sum of all times t, must be counted and the
instant velecity can be determinated in each classification range (Fig. 2). The
relative frequency can be derived as the sum of the times in each velocity range
divided by the total time T of the measurement,

For analysis purposes relative cumulative frequency is generally used. We
determineg this value by summarizing the times t. during which the instant
velocity is lower than the lower limit of the s@gecific velocity range and divi-
ding by the total time of the measurement,

The sampling method uses the instant velocities in each range at pre-
selected time intervals. The measurements can be made in fixed time intervals
or in random.intervals, The latter can prevent errors due to the influence aof
a periodical behavior of the velocity distribution., Gensrally the measurements
are made with constant time intervals t_. This way of analyzing is shown in
Fig. 3 as an example, To perform samplirfg it is necessary to have definite time
intervals at., at must be small to permit exact measurements.

The number aof instant velocity sample values in the particular velocity
range must be divided by the total number of values, This result is equal to
the relative class frequency.

Statistical characteristic values, generally the S50%-value and the 84%-
value, are derived from either the class frequency or the cumulative frequency.
Postulating the Gaussian distribution we obtain the characteristic values very
quickly using the probability paper (Fig. 4).

The S0%-value is normally regarded equal to the mean value uw and the B4%-
value equal to the sum of the mean value and the standard deviation w + S,

3.2 Analysis Without Postulated Distribution Lauw

The mean value and the standard deviation can also be derived without usinc
the Gaussian distribution, In this case the sampling data are used directly anc
we get the mean value by the following equation:

U = % Ef: uy | (1)

i=1

and the standard deviation:

s, = |2 Z (u, ) (2).
i=1

Errors caused by postulating the wrong distribution can be prevented by
this method, which delivers only calculated charactsristic values but not the
instant velocity distribution.
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4, _NEW ANALYSIS METHOD

In the new draft of German standard DIN 1946 the S0%-value and the 84%-valus

are used to describe the influence of air flow on draft in air-conditioned rocoms.
The SO0%-valus must be louer than a specified velocity limit and the 84%-value
aust be lower than a somewhat higher velocity limit,

The difference in approach ssems to be very small but it has very impoaortant
conseguences with respect to: 1. principles, and 2, measurement techniquss.

1. Principles

If it is necessary to derive the 50%-value and the 84%-value of velocity,
wa must use an unproved,and in most casss, urong distribution law and then
compare these results with velocity limits according to regulations.

If only the percentage of allowable sample values must be dstermined, we
have with this percentage an unbiased sstimate of the parameter p of a
well-known distribution - the binomial distribution.

2. Measurement Tschniques

To find out the S0%~-value and the B84%-value of velocity based on the
hypothesis of Caussian distribution, it is necessary to obtain sufficient
mgasurement accuracy to determine the empiric frequency distribution with
a large number of classes,

To analyze the velocity with the binomial distribution, only cne velacity

range needs to be recorded. By using this approach a better theoretical
basis for analyzing is achisved than with the Gaussian distribution.

4,1 Binomial Distribution

If we classify the instant velocities, whether they are in the allowable
range or outside, we obtain the following relationship for the relative fre-
quency of velocities in the allowable range:

]
hz = = (3)
uith 9 allouable valuss from n sample values, R

The relative frequency of the unallouable values is

n=—<v
h, = == (4)

If n becames infinite the rslative freguency will be equal to the probability.

Proposing p as the probability of the allowable values and 1-p as the
probability of the unallowable values wue can determine, based on the binomial
distribution, the probability of ¥ values in the allowable range in a sample
of total number of values n:

Fe) = (D) ' (1-p)™° (s)

For practical purposes it is not possible to predict the probability of
the allouable values in a sample because the parameter p of the binomial distri-
Bution is normally unknoun, This parameter must be determined based on the number
of acceptable values v in a particular sample size. To find the inaccuracy using
a8 small sample size, the following approach is useful:

Using p_ as a comparison parameter and = as the degres of risk for erraors
of firs® order we can establish ths hypothesis p = p_. (For instance, this
means p_ = 0.5 if at least S0% of the values are in 2he allouable range.)
To aveid accepting samples with a too small parametser p, we tast the al-
ternative hypothesis p < p_. With a fixed sample sizs n we can calculate
the upper limit k_ based on the binomial distribution with a degree of risk
lower than or equal to = , If there are more than k0 acceptabls values in
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the considered sample, ws have to decide in favor of
the hypothesis p E;p0 instead of ths hypothesis p <« Pg*

The risk of errors of the first order, meaning that the hypothesis p > 0
is not used though it is correct, is smaller than or equal to « . The risk of°®
errors of the second order, which exists by accepting the hypothesis though i:
is wrong, remains unknown. With 1-8(p) as the probability of risk of thess
srrars, we obtain the squation

k0—1

1-ae) = ) (e ()™ (8)

N =0

£g 6 defines the operating characteristic, and it allous the calculation of
errors of the second aorder if the risk of error of the first order and the s:.
of the sample are known.

The calculation of this operating characteristic is difficult and therer
it is better to describe the operating characteristic in the range of main
interest as a diagram which is shown in Fig. 4. This diagram can be used to
minimize the number of measurements, For instance, if it is necessary that fo.
than 50% of the instant velocity values in an acceptance test lie in the all-~ -
able range with an error less than 5%, then it is necessary that the risk of
errors of the first and second orders are both less or equal to S5%.

If the probability for acceptable values is declared as p = 0.75 ths
number of sample values must be at least n = 50. If we gst 32 or more sample
values in the allouwable range we can establish that at least S50% of all insta-
velocity values in the population are acceptable, The diagram shows that the
risk of errors 1-8(p) is about 3.5%.

4,2 Selection Of Time Intervals

_ To obtain representative data it is necessary for all analysis methods -
have independent velocity values. To obtain independent values we need suffi.-.
ly long time intervals betuwsen taking the data, To determine the optimum intc:-
val tt Wwe can use the autocorrelation function

T/2
.1
A (£) = lim = w(t) - w (t+7) dt (7)
W T*er
-T/2
where:
t = time
€ = time interval between 2 readings
T = total measuring time
w = wvelocity

Fig. S shows the autocorrslation function of velocity at one point in 7~
ambient zone of an air-conditioned room. At small intervals, T , the functio~

A, () is near uz, i, e. thg values are not independent but they decrease
qufckly. WUhen AUU drops to-w”™ the velocity values are independent,

- Thse time t_ can be chosen by drauing a rectangular area,equal to the ars-
between the ordfnate, the autocorrelation function and the u® line, as shoun
in Fig. 5. With the determined time interval, sach value shows only littls )
correlation to.the values befors and after, and there is no significant corre--
ation to the rest of the sample's n-3 values. With a large sample it is there~
fore possible to consider special values of the sample to be indepsndent fro-
each other,
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5, CONCLUSION
-

qesults of velocity measurements in air-conditioned spaces have generally a high
inaccuracy, which is caused by the sensor of the anemometer and by the evalu-
ation method used.

The errors in the evaluation method are caussd mostly by using a wrang
nypothesis of the velocity distribution and by too short intervals betusen
-gadings of measured values.

The proposed approach determines the risk of error in a simple uay. Also
it allows for use of a correct hypothesis of distribution and for optimizing
-ne sample's size, It is possible to avoid the correlation betueen particular
sample values by determination of a minimum reading time. With the minimum
-gading time and the correct sample size, the total measure time for air
glocities in air-conditioned rooms can be optimized.
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