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INTERNATIONAL STANDARD

I1SO 4677/2-1985 (E)

Atmospheres for conditioning and testing —
Determination of relative humidity —
Part 2: Whirling psychrometer method

0 Intrpduction

This part pf ISO 4677, dealing with the whirling psychrometer,
and ISOW677/1, dealing with the aspirated psychrometer,
specify methods for the accurate measurement of humidity,
but they do not specify the full details of the psychrometers
required. | This is to ensure that well-designed instruments
which halve gained acceptance in different countries are not
arbitrarily[ excluded. Nevertheless, the methods are not
necessarily suitable for all traditional designs. They could have
been made so only if the lowest common performance factor
had been|accepted.

de adopted, of specifying only the essential features of
portant classes of psychrometers, necessarily has
some limiftations. It should therefore be understood that good
practice $hould be followed, both in implementing the re-
quirements of the appropriate part of this International Stan-
dard and fin detailing aspects of the design and the procedure
which arg not specified.

Neither this part of 1SO 4677 nor ISO 4677/1)should be
regarded ps specifying requirements for psychrometers suitable
for meteqrological applications or other outdoor applications.
Nevertheless, in both parts, humidity is. measured on the scale
employed almost universally for meteorological measurements
at the Earth’s surface and for the purposes of testing materials.

This scalelhas, in effect, been,established by the general accep-
tance of| particular psychrometric formulae for particular
designs ¢f psychrométers. The formula of Sprung for the
Assmann| psychrometer and that of Ferrel for a whirling
psychrometer aré representative. These formulae may be
expressed in terms of the psychrometer coefficient A which
appears {n(Cthe psychrometer equatlon glven in clause 7.
Sprung’s “resd orresponds—to onsta : 6

6,6 x 104 K-, while Ferrel's result corresponds to a value
that increases from 6,6 x 104K~ 1t06,8 x 10-4K~'as the
wet-bulb temperature increases from 0 to 30 °C. In both cases,
the uncertainty in A4 is about 10 %. However, it is known that
the true values of A for the two instruments differ by much less
than 10 %. The prevailing humidity scale may therefore be
regarded as defined by specifying that A is constant and equal
t0 6,7 x 10~4 K~ for both instruments. Since the accuracy
with which A4 needs to be known in order to achieve a particular
accuracy in the measurement of relative humidity decreases
rapidly as the wet-bulb temperature rises in the range above
40 °C, this definition may be regarded as applying for wet-bulb
temperatures up to almost 100 °C (assuming approximately
standard atmospheric pressure).

The uncertainties in relative humidity given in this International
Standard relate to departures from-the resulty that would cor-
respond to this scale. The relationship betwe¢n this scale and
the true humidity scale is a question for the future. The present
uncertainty in the relationshipcorresponds to the uncertainty in
A of about 10 %. A decrease in A by this amount would, for
example, result in a-derived relative humidity of 50,0 % at
20 °C being changed'to 51,8 %. ’

The whirlingsychrometer method is not as pccurate as that
using the aspirated psychrometer. In addition,| it requires more
space,  is\practically restricted to the use of mercury-in-glass
thermometers, does not provide for shieldihg of the ther-
mometer bulbs from extraneous radiation and|is more deman-
ding on the skills of the observer. Howevpr, the whirling
psychrometer is simpler in construction and less expensive than
the aspirated psychrometer.

In this International Standard, “r.h.” is used ag an abbreviation
for “relative humidity”’. It does not denote a uiit. Uncertainties
in the relative humidity are expressed in the fgrm + u % r.h.,
the meaning of which is that the relative humjdity is expected
to lie in the range (U — u) % to (U + u) %) where U is the
observed relative humidity. All uncertainties pre at the 95 %
confidence level.

1 Scope and field of application

1.1 Scope

This part of ISO 4677 specifies a method for the determination
of the relative humidity of atmospheres for donditioning and
testmg having temperatures within the range from 510 80 °C

determmed W|th an uncertalnty not exceedmg + 3 % r.h.

1.2 Field of application

The method is applicable to the determination of the relative
humidity of the standard atmospheres specified in ISO 554 and
of most test atmospheres. It is restricted to wet-bulb
temperatures not lower than 1 °C, dry-bulb temperatures not
higher than 80 °C, and pressures not differing from standard
atmospheric pressure by more than 30 %.

The method should not be used if the atmosphere is heavily
contaminated with gases, vapours or dust.
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2 References

ISO 386, Liquid-in-glass laboratory thermometers — Principles
of design, construction and use.

ISO 554, Standard atmospheres for conditioning and/or
testing — Specifications.

ISO 1144, Textiles — Universal system for designating linear
density (Tex System).

5.1.2 The thermometers shall be nominally similar, and their
range shall include the range from 0 to 40 °C or the range from
40 to 80 °C and may include both these ranges. »

The thermometers shall be such that their readings give the
value of the temperature depression with an uncertainty not
greater than + 0,2 °C if the dry-bulb temperature does not ex-
ceed 40 °C and not greater than + 0,4 °C if that temperature
exceeds 40 °C. Provided this requirement is met, the uncertain-
ty in the value obtained for the dry-bulb temperature may be up
to = 0,2 °C when that temperature does not exceed 40 °C and

3 Definitions

For the purposes|of this part of ISO 4677, the following defini-
tions apply.

3.1 thermomdter: A mercury-in-glass thermometer.

3.2 psychrompter: An instrument for measuring relative
humidity and copsisting essentially of two thermometers the
bulbs of which afe respectively wet and dry.

3.3 wet-bulb [covering: A water-retaining covering of
woven-cotton material covering the wet bulb.

3.4 wick: A cotton wick which may be provided to connect
the wet-bulb covering to a water reservoir so that water is fed
continuously to the covering by capillarity.

3.5 ventilation: Term applied to describe a psychrometer in
which there is prpvision for a flow of air over the bulbs.

NOTE — This flow|is provided by whirling the instrument in the_hand,

and is transverse tdg

depression: Th

the axes of the thermometer bulbs.

difference between the temperatures of the

3.6 temperatl{e depression; wet-bulb™ ‘temperature

wet and dry bulbs.

4 Principle

When the psychrometer is\whirled, air flows over the wet and
dry bulbs. Evaporation from the surface of the wet bulb into the
airstream cools the wet bulb to a steady temperature such that
there is a balanc¢ bétween the heat lost through evaporation

up io T 470 u Xceeas

NOTES

1 The uncertainty in the value which the thermometer reaflings give
for the temperature depression means the uncertainty with which the
readings give the temperature depression’that actually ocdurs in the
instrument.

2 Thermometers which give the required accuracy only when correc-
tions (determined by calibrating,the-thermometers) are applifd to their
readings are acceptable, provided-that the appropriate corrdctions are
applied on each occasion on which the instrument is used.

5.1.3 The diameters of the thermometer bulbs shafl be not
less than 2 mm and not greater than 4 mm.

5.1.4 The thermometers shall be mounted so that their axes
are parallel and separated by a distance of not less than three
times, the overall diameter of the wet bulb (including Wwet-bulb
covering).

5.1.6 The thermometers shall be graduated in 0,5 °C|divisions
and shall be capable of being read to the nearest 0,1[°C.

NOTE — A specification for thermometers which may be used when
the dry-bulb temperature does not exceed 40 °C is given in|annex A.

5.2 Wet-bulb covering, wick and water regervoir

5.2.1 The covering shall be made from hydrophilic updressed
white cotton muslin made from thread of linear defsity be-
tween 10 and 25 tex (see ISO 1144) and having 20 to 2% threads
per centimetre in warp and weft. A seamless sleevp is pre-
ferred, but a seam is permissible provided that it doeq not add
appreciably to the general roughness which the weavg imparts
to the surface.

and that gained through convection and radiation. This
temperature depends on the temperature, pressure and humid-
ity of the atmosphere. Therefore, when an approximate value is
available for the pressure, the humidity can be derived from the
observed temperatures of the wet and dry bulbs (the observed
wet- and dry-bulb temperatures).

5 Apparatus and materials
5.1 Thermometers

5.1.1 The thermometers may be of either the solid-stem or
enclosed-scale type.

5:2:2—After manufacture, the covering and the wick, if any,
shall be boiled for approximately 15 min in an aqueous solution
of approximately 5 % (m/m) of sodium carbonate
decahydrate, then thoroughly rinsed in pure water (see 5.3)
before being finally boiled in pure water for at least 15 min.
They should not subsequently be touched with the fingers. The
covering and the wick may be removed from the instrument
from time to time and washed according to this procedure.

5.2.3 The covering shall cover the thermometer bulb com-
pletely and shall fit it snugly but not very tightly. It shall extend
onto the stem for such a distance that the error in the observed
wet-bulb temperature due to heat conduction along the stem
does not exceed 0,1 °C if the dry-bulb temperature does not
exceed 40 °C or 0,2 °C if the dry-bulb temperature exceeds
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40 °C. A method which may be used to determine the
minimum distance for which the covering shall extend onto the
stem to meet this requirement is described in annex B.

NOTE — For a thermometer with a solid stem, a distance of twice the
stem diameter is usually adequate.

5.2.4 The stem of each thermometer shall be clear of obstruc-
tions and freely exposed to the air-stream over a length
‘measured from the bulb of not less than 1,5 times the length of

ISO 4677/2-1985 (E)

6 Procedure

6.1 Location
As far as practicable, choose a location where the air con-

stitutes a representative sample and where it is not affected by
such factors as machinery and personnel.

6.2 Preparation for test

the extension-of-the-covering-required by 5.2.3

5.2.56 Diring operation of the psychrometer, the covering
shall be ¢gompletely permeated with water as evidenced by a
glisteningd appearance in a beam of light.

5.2.6 hen the covering is being fitted or refitted and on
subsequdnt occasions from time to time, the covering shall be
washed /b situ with pure water, using, for example, laboratory
apparatu$ such as a wash bottle. It shall be renewed when it
shows arly evidence of permanent change.

5.2.7 Ifja wick is provided, it shall consist of twisted threads
of white ¢otton and shall have the minimum cross-section con-
sistent wjth an adequate feed of water to the wet bulb for the
highest rates of evaporation. The free length of the wick shall
be at leagt twice the diameter of the wet bulb and at least three
times thg wick diameter, ensuring that water arriving at the
covering |s already practically at the wet-bulb temperature. The
wick shall be limp.

5.2.8 If|a wick is provided, air which passes over-the wick
other thgn in the close proximity of the wet ‘bulb shall not

Ensure—that-water-has—permeated-the—whote;
covering. If the covering was initially dry, .alioy
for saturation. Avoid touching the covering of
with the fingers. Ensure that the dry bulb is g

6.3 Whirling and observation

6.3.1 Holding the instrument windward and

of the wet-bulb
v several minutes
the wick, if any,

ry.

well away from

specified air flow velocity at the wet and dry

ulbs (see 5.4.1).

the body, whirl it indhe-hand at such a rate 'is to achieve the

Stop whirling périodically to read the ther
whirling has_ stopped, quickly read the wet-b
and then-the’ dry-bulb thermometer. Continy

ometers. When
Lib thermometer
e the procedure

until a.constant wet-bulb temperature or a steady cyclic vari-

ation_of wet-bulb temperature is attained.

NOTE — A ventilation time of about 2 min is usually necessary.

6.3.2 Read the thermometers with the nec

taking into account the requirements of 5.1.2,

Bssary accuracy,

6.3.3 If measurements are performed in alm
ditions, for example, when the control cycle

st constant con-
long compared

impinge on the wet bulb.

5.2.9 The water reservoir shall not (obstruct the flow of air,
and its c@ntents shall not affect the humidity of the air sample.

5.2.10 The level of water-in-the water reservoir shall be not
more thah 50 mm below thedevel of the lowest part of the wet
bulb.

5.3 Water

Suitable wate
techniques.

5.4 Air

5.4.1 The air flow velocity over both the wet and dry bulbs
shallbe4 = 1 m/s.

5.4.2 The air sample shall not pass over any obstruction
before it passes over the wet and dry bulbs.

5.4.3 No air which has been cooled by the wet bulb or by the
wick shall impinge on the dry bulb.

with the measurement time, repeat the procedures specified in
6.3.1 and 6.3.2, re-wetting the covering as negessary, until, for
three consecutive readings, no two temperature depressions
differ by more than 0,2 °C if the dry-bulb temperature does not
exceed 40 °C or 0,4 °C if that temperature exceeds 40 °C.

6.3.4 If measurements are performed under conditions fluc-
tuating rapidly under control, take a number of readings over at
least two complete cycles.

NOTE — If measurements are performed while cgnditions are being
changed under control, the readings may not be meaningful.

Sa er readings, and
hence the temperature depression, in accordance with any
prior calibration of the thermometers.

7 Expression of results

7.1 Determination from a psychrometric table or
chart

Use a psychrometric table or chart in which the values are con-
sistent with the equations and appropriate value of the
psychrometer coefficient 4 as given in 7.2, and, from the dry-
bulb temperature and the temperature depression, deduce the
relative humidity and the humidity in any other desired units.
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To facilitate the identification of suitable tables or charts,
values of relative humidity for various dry-bulb temperatures
and temperature depressions are given in annex C for standard
atmospheric pressure and three relevant values of 4, namely
6,56 x 1074K=1,6,7 x 10-4K-1and 6,9 x 10-4K~1.

7.2 Determination by calculation

7.2.1 Determine the partial pressure of water vapour in the air
sample, p, from the following psychrometric equation, or from
a similar equatigfi tha gquivalent 1o 5 prevaliing con-
ditions:

P = pulty) 1 Aprlt — 1)
where

Dwlty) is the saturation vapour pressure of water at the
wet-bulb temIerature ;

t is the dry-Bulb temperature, in degrees Celsius;

t, is the wet-bulb temperature, in degrees Celsius;

pt is the tothl atmospheric pressure;
A is the psychrometer coefficient, per kelvin.
NOTE — p, p,,(t,)|and py are to be expressed in the same units.

The value of shall be chosen from the range from
6,5 x 10-4K~"to 6,9 x 10~4K~'. If a value of 4 has been
determined for the particular design of psychrometer and lies in
this range, then i{ shall be used. If a value has been determined
but lies outside this range, then the closer extreme value.of the
range shall be usgd. If no value 4 has been determined, then
the value 6,7 x 104 K~ shall be used.

NOTE — For example, at 20 °C and standard atmospheric pressure, if
use of the value 6,5 x 104K~ for 4 led to a Value of 50,0 % for the
relative humidity, then use of the value 6,9 %104 K~ ! would lead to
a value of 48,9 %.

7.2.2 The relative humidity,expressed as a percentage is
given by the formula

100 p/p,, (1)

where p,,(?) is the saturation partial pressure of water vapour
at the dry-bulb temperature ¢.

7.23 If required, the dew-point temperature may be
calculated. It is the temperature at which the saturation partial
pressure is equal to p.

7.2.4 The value of the saturation vapour pressure of water for
any particular temperature shall be obtained from a formula or
tables consistent with the formula given in the edition of
“TFechnical-Regtiations-of-the-Woerld-Meteorotogt rganiza-
tion (WMO)".

NOTE — Although, in general, they will give values differipg slightly
from those given by the WMO formula, the formula of|Goff and
Gratch, given in [1], and that of Wexler, giveh in (2], may b¢ regarded
as consistent with the WMO formula for present purposes.

8 Accuracy

The uncertainty in the value obtained for the relative hfimidity is
estimated not to exceéed + 3 % r.h.

NOTE — The estimated limit for the uncertainty in the relativg humidity
takes into account the contributions from all sources excepf the poss-

ible difference;. teferred to in clause 0, between the adopted humidity
scale and the true scale.

9>, Test report
The test report shall include the following information:
a) a reference to this part of ISO 4677;
b) identification of the instrument used;

c) the date and time of measurement;

d) the location, and any factors influencing the fest con-
ditions (see 6.1);

e) the dry-bulb temperature, the relative humidity percent
and the humidity in any other desired units;

f) the uncertainty in the dry-bulb temperature (jee 5.1.2)
and the uncertainty in the relative humidity, expresged in the
form used in this part of 1SO 4677 (see clause 0).
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Annex A

Specifications for thermometers which may be used when the
dry-bulb temperature does not exceed 40 °C

(This annex does not form an integral part of the standard. The adoption of the specification set out in this annex
is at the option of the user and has no bearing on the meaning or interpretation of the main text of the standard.)

A.1 Cpmpliance with ISO 386

Except where the clauses of this annex require departures from the features and practices specified in ISO 386, the wet- and dry-bulb
thermomgters shall comply with the requirements of that International Standard.

NOTE — Because of the special requirements for thermometers for use in psychrometers, some of the following clauses are not consistent with
1SO 386, and some of the specifications for dimensions in clause A.8 are not of the form required by that Irternational Standarfi.

A.2 Type

The therrhometers shall be of the solid-stem type and shall be nominally similar. The stem may have a slight neck |near the bulb to
allow the|wet-bulb covering to be secured more easily by a cotton thread.

A.3 Rpnge

The nominal range shall be from 0 to 40 °C.

A.4 Immersion
The thermometers shall be graduated for complete immersion.

NOTE — Ip the psychrometer, the wet-bulb thermometer is used under conditions of partial immersion. For thermometers whigh comply with the
requirements of this annex, the error-introduced by ignoring this fact is negligible.

A.5 Materials

The matefrials‘ofconstruction shall comply with the requirements of ISO 386, and the bulbs shall be made of glass. Requirements for
glasses %r thermometer bulbs will form the subject of 1SO 4795.

A.6 Annealing and stabilization

Before the thermometers are filled with mercury, the glass of the thermometers shall be suitably annealed and the glass of the bulbs
stabilized by a suitable heat treatment.

A.7 Expansion chamber

An expansion chamber shall be provided above the highest scale line and shall have a volume sufficient to ensure that a temperature
of at least 60 °C can be sustained by the thermometers with no significant likelihood of damage or of a consequent need for recalibra-
tion.
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A.8 Dimensions

Overall length (MaximUM) .. ..ot e e e e e 240 mm
Length of scale corresponding to nominal range (MINIMUM): . ......... oo o i 130 mm
Length of bulb (including bulb funnel): . . ... . 15t026 mm
Diameter of bUlb: . ... . 3to4 mm
Diameter Of Stem . . .. . 4to5 mm
Distance of neck |if any) fromtop of bulbfunnel: ......... ... . ... . . EEETERRR 1040 14 mm
Distance from top of bulb funnel to scale line corresponding to lower limit of nominal range (minimum): ............02) ... 30 mm
Distance of exparjsion chamber from highest scale line (minimum): ................... ... AL, 10 mm

A.9 Graduation and figuring

The thermometerss shall be graduated in 0,5 °C divisions, with a longer line at each 1 °C. The thickriess of the graduation I{nes shall
not exceed 0,15 nm. The graduations shall be numbered at each 5 °C.

A.10 Accuracy

Readings of the thermometers made under steady-temperature conditions by a knowledgeable and experienced observer, [and cor-
rected, if necessdry, in accordance with the results of a prior calibration of the thermometers, shall give the true temperatures of the
bulbs of the thermometers with an uncertainty not exceeding + 0,2 °C. Not‘withstanding this requirement, for any two temreratures
in the nominal range, the difference of the readings of the two thermometers, made and corrected according to this proced{ire, shall
give the true temperature difference of the bulbs of the thermometersawith an uncertainty not exceeding + 0,2 °C.

A.11 Spare thermometer

If a third thermometer is associated with the psychrometer, the requirements of clause A.10 shall apply to each of the three|possible
combinations of fwo thermometers.
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Annex B

Procedure for determining the minimum distance for which the wet-bulb
covering shall extend onto the thermometer stem to meet
the requirement of 5.2.3

B.1 Temporarily fit the bulbs of both thermometers with

may be made on the basis that the temperature error associated

coverings|similar to that to be used on the wet bulb, but allow
the coverjngs to extend onto the stem considerably further
than the distance which limits the heat-conduction error to the
required Value. If the extension first chosen does not exceed
that distahce, this fact will become clear when the following
procedurd is carried out, and the whole procedure will have to
be repeat¢d with a greater extension. For thermometers of the
solid-stem) type, an extension of three times the stem diameter
is likely tq be sufficient.

Operate tre instrument in the usual manner but with both
coverings| wet, choosing a location where the conditions are
steady. Opserve the difference of the thermometer readings as
accurately as possible. This difference is due mainly to the
errors of the thermometers themselves.

Progressiyely reduce the extension of one of the coverings onto
the stem [until the difference of the readings of the thermo-
meters is gstimated to have changed by an amount equal to the
maximum allowed temperature error (see 5.2.3). The extension
existing af that stage is the required minimum allowable exten:
sion.

B.2 A more accurate determination can be made if the dif-
ference of the thermometer readings is plotted against the ex-
tension fgr a number of values of the extension both greater
than and|less than that which gives~the’ maximum allowed
temperatyre error. The required minimum allowable extension
can then pasily be read from the-plot.

During the procedure, as~in_the normal operation of the
eter, care shall be taken to preserve the cleanliness of

The progedure\'may be carried out for conditions (of
temperatyre_and humidity) differing considerably from those

tions for which 5.2.3 applies, provided that allowance is made
for the effect of the difference in conditions. The allowance

with a given extension of the covering onto thé stem is approx-

imately proportional to the quantity 7" given.in table 1.
Table 1 — Values-of
Dry-bulb Relative humifity, %
temperature, 20 40 | 60 I 80
°C Value of|T
10 6,2 4,3 R,6 1,2
20 7,3 4,7 0,7 1,2
30 7.8 4,7 P,5 1,0
40 7.8 4,2 R2 0,9
50 7,3 3,6 1,8 0,7
60 6,6 3,0 1,4 0,5
70 5,6 25 1,1 0,4
80 4,8 2,0 0.9 0,3
For example, if the psychrometer is to be used pt a temperature

of 20 °C and a relative humidity of 60 %, but
cedure is carried out at a temperature of 30 9
humidity of 40 %, the temperature error obsg
cedure when the extension of the wet-bulb ¢
minimum allowable value is

47 0,1 °C
—_— X ,
2,7

i.e. approximately 0,17 °C.

NOTE — The procedure is best carried out at t
humidity for which a suitable atmosphere is availabig

the present pro-
C and a relative
rved in the pro-
overing has the

he lowest relative
. If it is carried out

at a relative humidity much higher than that for which the

psychrometer is to be used, then its sensitivity is

likely to be inad-
hge of conditions,

hould be adequate

to meet 5.2.3 in the worst case, i.e. the case for which the value of 7" in

table 1 is greatest.
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Annex C

Skeleton table of relative humidities

In table 2, relative humidities rounded to the nearest 0,5 % r.h. are tabulated for various temperatures and temperature depressions
and for standard atmospheric pressure and three values of the psychrometer coefficient A. The table is given so that other more
detailed tables may be compared with it. The dry-bulb temperature interval of 10 °C and the temperature depression interval of 2 °C
are too wide to allow the table to be used for routine humidity measurement.

In the calculations for the table, the saturation vapour pressure of water has been obtained from a formula which compliesl with 7.2:

— Upper vjlues: A=65x 10-4K-1
— Intermediate values: A4 = 6,7 x 10~4K~!
—  Lower values: A =69 x 10-4K-!
Tlable 2 — Relative humidities at various temperatures for various temperature depressions
Temperature Temperature, ¢, °C
depression}, °C 10 20 30 40 50 60 70 80
=ty Relative humidity, %

0,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

100,0 100,0 100,0 1000 100,0 100,0 100,0 100,0

2,0 76,5 82,5 86,0 88,0 89,5 90,5 91,0 92,0

76,5 82,5 86,0 88,0 89,5 90,5 91,0 92,0

76,0 82,5 86,0 88,0 89,5 90,5 91,0 92,0

4,0 545 - 66,5 73,0 77,0 79,5 81,5 83,0 84,5

54,0 66,0 73,0 77,0 79,5 81,5 83,0 84,5

53,5 66,0 72,5 77,0 79,5 81,6 83,0 84,5

6,0 34,0 51,6 61,0 67,0 70,5 73,5 75,5 77,0

33,0 51,0 60,5 66,5 70,5 73,5 75,5 77,0

32,0 50,5 60,5 66,5 70,5 73,0 75,5 77,0

8,0 14,5 37,56 50,0 57,5 62,0 65,5 68,5 70,5

13,5 36,5 49,5 57,0 62,0 65,5 68,5 70,5

12,0 36,0 49,0 57,0 62,0 - 65,5 68,5 70,5

10,0 ) 24,5 39,5 48,5 54,5 58,5 62,0 64,5

23,5 39,0 48,5 54,5 58,5 62,0 64,5

22,5 38,56 48,0 54,0 58,5 61,5 64,5

12,0 12,0 30,0 40,5 47,5 52,0 55,5 58,5

11,0 29,5 40,0 47,0 52,0 55,5 58,5

10,0 29,0 40,0 47,0 52,0 55,5 58,5

14,0 0.5 21,0 33,0 40,5 46,0 50,0 53,5

20,5 32,5 40,5 46,0 50,0 53,0

20,0 32,5 40,0 45,5 50,0 53,0

16,0 13,0 26,0 345 40,5 45,0 48,5

12,0 25,5 34,5 40,0 445 48,0

11,5 25,5 34,0 40,0 44,5 48,0

18,0 5,0 20,0 29,0 35,0 40,0 43,5

45 19,56 28,5 35,0 40,0 43,5

35 19,0 28,5 35,0 39,5 43,5

20,0 14,0 235 30,5 35,5 39,5

13,6 235 30,0 35,0 39,0

12,5 23,0 30,0 35,0 39,0
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