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ON THE INFLUENCE OF TEMPERA-
TURE ON STANDARD U.S8,A. OPEN
PAN EVAPORIMETER READINGS

Primault (1961) has drawn attention to
the fact that the extent of the drop in level
of water due to evaporation will be influenced
by the variation of temperature between
two consecutive observations on the metallic
container and the volume of water in the
evaporimeter. This is because of differen-
tial expansion of water and the metal.
Further while the volume expansion of the
metallic container with temperature is linear,
the cubical expansion of water is not so.
Asis well known, the coefficient of expansion
of water varies with temperature and is
negative below 4°C. Therefore, apart from
the change in level associated with loss of
water due to evaporation, the level of water
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will also change depending upon the differ-
ence of temperature between the successive
measurements.

Let the area of the container be 4g, the
coefficient of linear expansion of the metal
of the container « and the coefficient
of volume expansion of water at T°C B.
Then. the increase or decrease in the level of
water at temperature T'1°C for unit height
is given by —
4y (14p) — Ao (1+34)

‘40 (1—21) 1+2¢

B (Smithsonian Tables 1956) can be
accurately determined from the density
variations of the water with temperature

( ; 4 dp

f—3a

T p Al
d
of water at 0°C and 2P -

dl
of density at T°C.

) , where py=density

rate of change

TABLE 1
Temp. Coeff. of cubical lise in level of water in inches/degree rise of temperature
(*C) expansion of water due to expansion of water and container
as calenlated from f———e e S .
density variation (‘opper Zine Tron
»x10=% 103 % 10-3 x 102
0 —G- 6 —1-0435 —1-304 — <880
2 —3-3 — 748 —1-007 — 603
1 —0-1 —— 4060 — 719 — 295
. 4B BT — 305 4 119
10 -8-7 4- +382 + 073 4 -407
15 41541 + +908 A -G49 41073
20 L20-6 41403 L1-144 +1:568
25 256 L1853 41-594 4-2:018
30 +30-3 |-2.276 +2-017 2-441]
a5 1842 +2.627 +2:368 +-2-801
40 +38-0 L.2-969 +-2-710 +3-134

Lincar Expansion of Copper
Linear Expansion of Zinc
Linear Expansion of Iron

- 167 % 1073,
-263 % 1074,
<1063 104
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TABLE 2
Correction to be applied per unit rise of temperature for the evaporation in inches
Temp, between 2 consecutive observations with moving point gauge
(°C) r At 1
Copper Zine Iron
x10-3 % 10-3 x10-8
0 —1-121 —1-380 — 956
2 — 824 —1-083 — -679
4 — +536 — 705 — 371
7 — -122 — +361 + 043
10 + 256 — 003 -+ 421
15 + 832 + -573 -+ 097
20 +1-327 +1-068 +1-492
25 +1-777 +1-518 +1-942
30 +2:200 +1-941 +2:365
35 2551 +2:202 +2.725
10 +2-893 +2-634 +3-058
Correction due to expansion of still well (brass) of height 10~ —-000180"/degree rise of temperature
Correction due to hook gauge (brass) of length 6* -+-000113"/degree rise of temperature
« is a constant for any given metal. The expansion of the still well and the
increase or decrease in level of water per unit  depression of the point of the hook
lacrease of temperature for pan evapori- are in opposite directions. However
reter made of copper, zinc and iron are since the length of the still well is greater

given in Table 1 for range of temperature from
0% to 40°C assuming that the depth of water
in the evaporimeter pan is 9” (the usual
depth). Zinc has been included so as to have
a metal with a very high «.

In the case of evaporimeters provided
with moving point gauges, when there is an
ircrease in temperature the still well also
expands. Consequently the reference point at
which the hook gauge is fixed is raised per
unit increase of temperature to an extent
of 10 X (1+4a,x1) where 10” is the height
of the still well and «, is the coefficient
of linear expansion of brass, the metal used
for making still well. The hook gauge also
will expand resulting in lowering the point
of hook. These two changes, wviz,, the

than that of the hook gauge, the net result
is an apparent increase in evaporation,

The effect of changes in temperature on
the expansion of the scale of the hook gauge
has been neglected since evaporation per day
even in the tropics hardly exceeds 1/2",

In the case of evaporimeters fitted with
fixed point gauges the increase in length of
the pointed bra s rod (of length 19 cm or
7-48 inches) due to a rise in water tempera-
ture between 2 successive observations tends
to give an increased estimation of evapora-
tion,

The net correction, which includes the cor-
rection due to (i) cubical expansion of water
with temperature, (i7) volume expansion of the
container and (it) linear expansion of still well
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TABLE 3
Correction to be applied per unit rise of temperature for the evapor ition in inches
'[tflllp. hetween 2 consecntive observations with fixed point gauges
{°C) _—_—— —_— ——
Copper Zine Iron
x 10-3 10-3 <1073
0 —1-186 —1-445 —1-021
2 — <889 -1+ 148 — 744
4 — B0l - S0 — 436
7 — 187 =1 — 022
10 + 101 TR 4 +356
15 4+ <767 S8 + 032
20 +1-2062 1-063 +1-427
25 1-712 1-453 1-877
30 1.2 135 1- 876 2300
35 ). 186 L2237 L2660
40 12.828 2569 +2.993

Correction due to expansion of hrass rod of length 1 em or 748 inches

and hook-gauge or the linear expansion of the
pointed rod, to be applied to the standard
pan evaporimeter readings recorded with
(a) moving point gauges and (b) fixed point
gauges, for a unit increase in temperature
between 2 consecutive observations for zine,
copper and iron pans from 0° to 40°Care given
in Tables 2 and 3 respectively. However, the
correction for hoth typesof gauges for many
temperature ranges will be practically the
same when rounded off to the third place of
decimal in view of the fact that the correction
due to the cubical expansion of water is the
predominant correction. Anexampleis given
below—

Let the temperature of water increase in

Meteorological Office, Poona
June 21, 1965

= 0001417 /degree rise of temperature

a copper pan evaporimeter from 20°C to
25°(" between two observations. The correc-
tion to be applied works out to

( 1-8327-+1-777

)

) 109 5 5=+ 0078="008" in
{he case of moving point gauges, and
Lopd 1719 .
( 12621 i]' ) 103 % h=-0074="007" 1
=)

the case of fixed point gauges.

Thus for a comparative study of the evapor-
ation data the correction due to differences
in water temperature at successive measure-
ments has to he evaluated and applied to the
readings of evaporation.

V. KRISHNAMURTHY
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