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Proceedings qf the Madras Government, Public TVorks Department
21s¢ March 1866.

Read the following letter from the Government Astronomer, to the
Secretary to Government, Public Works Department, dated Madras Obser-
vatory, 5th March 1866 :—

I have the honor to reply to the Proceedings of the Madras Government,
Public Works Department, and the Order thereon, No. 266, dated 11th January
1866, respecting the best method of mcasuring the evaporation from the surfaces
of large tanks ; and in doing so I beg leave instead of a drawing, to submit for your
inspection a small working model of a new form of Evaporator, of which I will now
proceed to give a brief description, prefaced by a few remarks upon, and objections
to, all former instruments hitherto employed for the purpose of mcasuring evapor-

No.. 429,

ation.
1. The genecral method hitherto adopted has been to expose, in a shallow
copper vessel, a small quantity of water, carefully weighed or measured in the first
instance, and offering only a small surface, as a square foot or less, to the atmos-
phere. The depth of the water exposed rarely exceeded an inch and half, or at
most two inches; it wasinvariably within four or five feet of dry and heated ground

while the vessel itself, and the water it contained, being freely exposed to the sun’s
rays, the quantity actually lost, in the course of a sunny day, must have been far in
excess of that which would have been evaporated from a similar area of deep tank
water. After twelve or twenty-four hours the water exposed was again weighed or
measured, and the diminution during the period elapsed was recorded as the evapora-
tion for such time. In this manner observations of evaporation were made at
the Madras Observatory between the years 1842 and 1860 inclusive, the water
exposed being carefully measured at 6 A.M. and 6 P. M. daily throughout the nine-

teen years. The Evaporator was well watched by the Lascars to keep away birds,-

and also to cover it over in case of rain, and to uncover it again immediately the
rain ceased. The final means for each separate half month, and for the whole
period during which the record was kept, are given in three tables ; showing the
total evaporation during the complete twenty-four hours ; that during day, ¢, e, from
6 4. M. to 6 p. M., and that which occurred in the nwht only, or between 6 p. .
and 6 4. 3. I believe the measurements to have been most carefully made, and
the records throughout to be perfectly reliable, but I cannot consider that the results
_thus obtained represent the actual evaporation from the surface of a large body

of water, as from a tank or a nver, but on the contrary, that from the W1dely differ- -

ent conditions of similar areas in the Observatory Evaporator and in the middle
of a large body of water, the loss by evaporation from the former must be much
greater, during sunshine especially, than from the latter ; and in fact, that the
registers hitherto kept, here or elsewhere, are useless for any engmeermo' or irri-
gation purposes for which such information may be required.

2. -Ihave thercfore, after considerable thought upon the sub_]ect contrxved an
entirely new form of Evaporator, free from all the defects of the kinds hitherto
employed ; one which I conceive must furnish results strictly comparable With
what is going on from the adjacent portxons, if not from the whole area of any tank
upon which it may be tried. It requires no measuring or welﬂhmg, but simply the
reading of an enlarged scale, showing inches, tenths, and hundreths, which may be
done once daily, or as often as desired, with the aid of a common telescope from

.

. -3

2 g

PSS

‘r-,.,, ....‘,,..;»m' i«.rf %‘?Wﬁm

G B, TG E




R : 3 o

[ 4
S e
<

*

A L S

Proceedings of the Madras Government, p
21st Marel, 1866,

T e a1
AT e g ety

ublic Worty Department,

the banks of the tank, the machine itself bein

The only adjustment ever re g screwed and floating in the middle,

quired is for a cool'y to be sent to fill the Evaporator
il point to zero or 0-00 inch, If

‘Rain cannot sigk ; . » at the dryest season of th
ink 1t, but the quantity measured by an accurate rain gaurrz ifta::’c
‘ (=}

be added to the last reading, to o
small model herewi i sive .’che evaporation in wet weather.
machine better :}r r’:haZUbrglttefl, will, lt. 13 hoped, explain the naturcfrof ’1;1112
onter cylindriol oo g rawing, a‘nd will require but little description. Tho
tended o be mede Ofo(,:() 02“111% the light frame work and graduated are, is in-
inches in depth, and ml;lr)el ) o;lr or five feet in interjor diameter, but onl;' a few
invariable distance betw. ye arg(.a float to keep all stcady and to maintain an
een the zero of the arc and the surface of the tank. T ilG

weight of a square foot of
per employed being known, it will be easy

at, 50 that it shall be sunk to within half or
.tank. Two of the tubes forming the upper
nof the conte, ir en'ds turned .downwards, or capped, to

amed air by sunshine, which would otherwiso

anc Y
ratig; of t};;a m:‘xchme, if it did not actually Lurst it unless
‘ 16 Evaporator itself, which should not be less

diameter, §
€T, 13 also to be made double, as in the model ; or -

sufficient num,
ormore, a3 ma er of attached vertical cyli s jor
) ¥ be found necessary to float it neqr] ylev Tinsiors four, cight

brimful of wat

er, The
attached by a rod ¢ EV&pOI(‘)ator.must be weighted so as to cause the index
over, thpomt to zero, when it is quite full to running
“HCT evaporates from the eentral vessel it must riso ;

provide for the expansio
materially alter the buoy.
_thus taken into conside
than three feet interior
better still, single, with

el with the outside ring, when

’ d to its centre ¢
It is mam\fest that as the

‘ered upon the graduated scale, and will
y simple inspection. In
o if tried upon a basin or

chatty of water)it h
ad to be
all proportion to sceure sufficient buoyancy

to float it upoy-
upon ‘so sm . :
suggested, between ¢ all a scale; hut the large diameter of the machines os
tionally, and so g fulle . ty would render less depth necessary propor-
ne need not draw more than from twelve to
{

proposed Evaporating machine may be thus
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Proceating 21st March 1866.

Amnns N .

crroneous increase of the one entry being exactly counterbalanced by the decrease

ot the nest reading, and vice versa. No measuring of any kind required. Adjust-
ment to zero made at any time, when after several dry day§ thf% Evaporator .began
to get too empty, by simply filling it brimful. Not e.asﬂy m_!ured by wind or.
exposuré; and the effect of rain easily allowed for by havmg-a rain gauge recorded

pear the evaporating machine. A row of sharp pointed' Wires round t?e edge (.)f

the Evaporator will effectually prevent the birds fr om drinking out of it, but this

and other details have been omitted in the construction of the model.

4. T am aware that a series of measurements of evaporation, at the Réd Hill
tanks, was undertaken by (then) Lieutenant Ludlow, of the Madras Engineers,
about’ the year 1844, but none of his papers or results remain amongst the records

Observatory. Neither does the Observatory Library possess the Professional

1 .
oL ngineers, so that I am unable to refer to Volume IV., page

Papers of the Madras E

. 151, as mentioned by Lieutenant-Colonel Dyas in his letter, printed with the
b

Government now under consideration. It is much to be des%red
orks should be supplied to the Observatory Library with as little
to Akeep the Astronomer informed of what is most Wan.ted, as well
so as to enable him to shape the publication of the
al and Magnetical results, to meet the demands o.f prac-
an the ordinary forms of purely scientific publications

Proceedings of
that all such w
delay as possible,
as of what has been done,
Astronomical, Meteorologic
tical men more completely th

asually succeed in doing. _ ,
5. YWhile agreeing with Lieutenant (now Colonel) Ludlow’s statement, that

« the amount of evaporation increases while {lze depth of tlze‘)ta'nk dz:mz'nz'slzes,;’CI ;nust{
totally dissent from his suggestion, quoted in pa?ag?aph 22 of Lleu'tenan - (;'onjo
Dyas's letter, )viz., < that the amount of evaporaiion zncr:easesy,fzot onl.y n .g;golzortwn
« the surface exposed, but suversely as the depth of the watf?r. _ This }v;vo? : e to (;z:;y
that the water in a tank ten feet deep evaporated only with one-tenth of £ ed ri?ll y
with which it would be lost if the depth were only one foot; or to extend his ailw
11 further, it would amount to saying, that, from a d.eep lake or fro.111 the sea, the
- , o nothing ! I believe the rapidity of evaporation to depend
ture of the exposed surface water, and beyond a certain
it to be perfectly independent of the depth of the under
or of the total area exposed. In the small shallow EvaP?rators formerly em-
loyed, the heating of the flat copper dish by the sun ’s rays, wtmte.d all the re‘sults ;
{))ut in alarger one, say not under thirty inc%ms diameter, wholly immersed in the
tank water, the evaporation of which it is' u{tended to measure, and fmt lesg than
one foot in depth, all such effect must be ehmma.ted, and the evaporation recorded -
must be fairly comparable with that actually taking place from the surface water of

the tank itself.

evaporation was next t
golely upon the tempera

water,

6. Should -the contrivance herewith submitted meet the approbation of
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Perature of the surpoyy ding wator I:;wior itself will always be close upon the tem- { ment. the machines would be best constructed by Mr. F. Doderet of the ‘y ,i
aﬁ:ected by the humidity of 0 atmosel e ff{’llk- It will also Lo always similarly b Go}ile‘i Work’s Department, under my own immediate supervision; and the first .l
bhl:le, 80 as to be at all timeg gy 1 un;llere:]el, by the deposition of dew, and by sun- { tr;:rlo (l)r three at least should be tested and examined at the Observatory, before being § 5
water around i, T . . Circumstances comparable with the tank - | . doctinati : 4 ) 3
the roughost i Ofhe reading is so extremely simple, that an;) one accustomed to {z forwarded to their destinations for actual use. : i
A misreading or miganper ot € Keep the register without isk of mistake. | n
Preceding and followier (;g ’s,u rpOn ZDY ndividual day, would merely falsify the ,é éf
e faysirecords, but would leave the mean unaltered ; tho * i ;
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g"’ S Proceedings of the Madras Government, Public Works Department.
: 21s¢t March 1866.

No. 429. Read the following letter from the Government Astronomer, to the
Secretary to Government, Public Works Department, dated Madras Obser-
vatory, 5th March 1860 :— :

‘ ' I have the honor to reply to the Proceedings of the Madras Government,

Public Works Department, and the Order thereon, No. 2066, dated 11th January i

1866, respecting the best method of measuring the evaporation {rom the surfaces )

of large tanks ; and in doing so I beg leave instead of a drawing, to submit for your

inspection a small working model of a new form of Evaporator, of which I will now

proceed to give a brief descripiion, prefaced by a few remarks upon, and objections

' to, all former instruments hitherto employed for the purpose of measuring evapor-

y e
S It e it b e g
—

e A,

’ , ation.
’ 1. The general method hitherto adopted has been to expose, in a shallow
, copper vessel, a small quantity of water, carefully weighed or measured in the first
: ‘ ‘ ‘ , instance, and offering only a small surface, as a square foot or less, to the atmos-
phere. The depth of the water exposed rarely exceeded an inch and half| or at
most two inches ; it was invariably within four or five feet of dry and heated ground,
- : while the vessel itself, and the water it contained, being freely exposed to the sun’s
o : rays, the quantity actually lost, in the course of a sunny day, must have been far in
) | excess of that which would have been evaporated from a similar area of deep tank -
’ water. After twelve or twenty-four hours the water exposed was again weighed or
measured, and the diminution during the period elapsed was recorded as the evapora-
. tion for such time. In this manner obscrvations of ‘evaporation were made at
- the Madras Observatory between the years 1842 and 1860 inclusive, the water

exposed being carefully measured at 6 4.2 and 6 p. M. daily throughout the nine- - %
i
i

: : © teen years. The Evaporator was well watched by the Lascars to keep away birds, .
and also to cover it over in case of rain, and to uncover it again immediately the
rain ceased. The final means for each separate half month, and for the whole
period during which the record was kept, are given in three tables ; showing the ; 10

; 4 S . «; '“ , total evaporation during the complete twenty-four hours ; that during day, 7. e:_, from =~ .. (.
; \ ‘ . T 6 A. M. to 6 P, M., and that which occurred in the night only, or between 6 . . B

i ’w and 6 a. 3. I believe the measurements to-have been most carefully made, and :
i the records throughout to be perfectly rcliable, but I cannot consider that the results ‘ L

thus obtained represent the actual evaporation from the surface of a large body
of water, as from a tank or a river, but on the contrary, that from the widely differ- |
ent conditions of similar areas in the Observatory Evaporator and in the middle
K of a large body of water, the loss by cvaporation from the former must be much
greater, during sunshine especially, than from-the latter ; and in fact, that the
registers hitherto kept, here or elsewhere, are useless for any engineering or irri-
. gation purposes for Wh‘ich such information may be required. .
2. I have therefore, after considerable thought upon the subject, contrived an
entirely new form of Lvaporator, free from all the defects of the kinds hitherto
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O adad b i
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o . ' employed ; one which I conceive must furnish results strictly comparable with SR
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- - .t what is going on from theadjacent portions, if not from the whole area of any tank 7
' . o ‘ upon which it may be tried. It requires no measuring or weighing, but simply the LI
' reading of an enlarged scale, showing inches, tenths, and hundréllis, which may be Loty
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. - ‘ done once daily, or as often as desired, with the aid of a common telescope from B LE
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the banks of the tank, th ine 1 o d
y the machine itself bej Wi 1 m
N . ! ! ng screwed and floatine-1 1
The only adjustment ever required is for a coooly to be sent t?)aﬁllribtl::: g'l:ap(:r o

brimﬁll W'ith the ta.nk Wat ', W N ”[e in “ ”“ 10( h
. € he i W]. 1
i " dex H pOlnt tO Zero or ) inc .

if the Evaporator scale is read

ences of the readings wi
may bo loft untozzljegdfl'oiq;any show the loss between each observation, and it
Rain cannot siak it, but tf. monjch together, at the dryest season of the ycar.
be added to fhe 1 :;st et n(r;uanht)'r measured by an accurate rain gauge must
small model herewitl submitz; ;0 give .the evaporation in wet weather. The
machine bettor than g I 0_: will, lt. is hoped, explain the nature of the
outer eylindrical ring gea rawing, a}ld will require but little description. The
- tended to be made of’tf(,:o eiln%-‘ the light frame work and graduated are, is in-
inches in depth, and is mlzel, 0‘111' o e fect in interior diameter, but only 4 fo
invariable distanos betmes {ha arge float to keep all steady and to maintain an
weight of o squate fout og . e zero of the arc and the surface of the tank. Tho
ol the sheet copper employed being known, it will be casy

f 8

frame work may be loft opon. ] the .tank. Two of the tubes forming the uppcr
provide for the expansion of ::hmtl th_elr en.ds turned downwards, or capped, t0
materially alter the buoyane (;: contamed. air by sunshine, which would otherwise
thus taken into considerat'y of the machine, if it did not actually Lurst it unless
than three feot infosto d.1011. Th.e Evaporator itself, which should not be less
better still, single, with g & U;Tam.eter, 1s also to be made double, as in the model ; or
Or more, as may b; found n icient number of attached vertical cylinders, four, eight
brimful of water, The FOCGSSary to float it nearly level with the outside ring, when
attached by a rod 4o . S“vaporator ‘must be weighted so as to cause the index
over. Tt is manifest tha:em? to point to zero, when it is quite full to ruaning
and as the outer float - ‘as the }Vilt?r cvaporates from the central vessel it must rise ;
surface of the tank. 1 nng Wln. preserve a fixed position with regard to the
chow the amownt f, e m,den': will lfe lowered upon the graduated scale, and will
order to mube of evaporation Vy’.hlc}.l hz?s taken place by simple inspection. In
chatty of water le I}Illodel work (which it will be found to do if tried upon a basin or
o flont it r)it had to be made out of all proportion to secure sufficient buoy
Sarmetod upon so small a scale; but the large diameter of the m

ggested, between three and five feet, would render less depth

tionally, and so the full-sized machine need not
. twenty inches. -

ator

If

g the scale will indicate the actual evaporation ; hut

ancy
achines as

: neeessary propor-
draw more than from twelye to

’ 3. Tho great advantages of the proposed Ev: i "
enumerated. The water in the Evaporlz)ltos itself];:‘:iﬁzllit;ng l])na(?lhme ey bo fhus
‘perature of the surrounding water of the tank., It Will} o aonpon the tom-
i aﬂ"ected by the humidity of the atmosphere, by the deposi
_ shine, 80 as to be at all times and under all circumst b
water around it. - The reading is so extremely simpl::ncc
- H

?150 be always similarly
ion of dew, and by sun-
s comparable with the tank

7 A tha
the roughest kind of measurement can keep the registert‘;:g O?:;er.a ?Cuztorfledkto
15£ of mistake.

and registered, without such filling up, the differ-

Con e e e S

—

e . yop ; ris Departiment.
. Procecdings of the Madras Government, Public Vo1 )
Pro ° 21st March 1866.

A,

-~

erroncous increase of the one entry being exactly counterbalanced by the decrease
‘ y kind required. ~Adjust-

at the next reading, and vice versa. No measuring of an /
ment to zero made at any time, when after several dry day§ thfa Evaporator .began
to get too empty, by simply filling it brimful. Not e.asﬂy m_}ured by wind or
exposure ; and the offect of rain easily allowed for by having arain gaugo recorded
near the evaporating machine. A row of sharp pointed wires round the edge ?f
the Evaporator will offectually prevent the birds from drinking out of it, but this
other details have been omitted in the construction of the model.

4. T am aware that a series of measurements of evaporation, at the Red Hill
tanks, was undertaken by (then) Lieutenant Ludlow, of .the Madras Engineers,
about the year 1844, but none of his papers or results remain amongst the re?ords
of the Observatory. Neither does the Observatory Library possess the Professional
Papers of the Madras Engineers, so that I am unable tq refer to Vo.lume IV'., page
151, as mentioned by Lieutenant-Colonel Dyas in his lettfar, printed with .the
Proceedings of Government now under consideration. It is much to be des.u‘ed
that all such works should be supplied to the Observatory Library with as little

to keep the Astronomer informed of what is most wanted, as well

delay as possible van{
as ofy what has béen done, so as to enable him to shape the publication of the

Astronomical, Meteorological and Magnetical results, to meet th.e de.mands o.f prac-
4i¢al men more completely than the ordinary forms of purely scientific publications:
usually succeed in doing. -

5. While agreeing with Lieutenant (now Colonel) Ludlow’.s .stz'xtem?nt, that
« {hie amount of evaporation increases while {Iw depth of the tank d&.mmzslws, > T must
totally dissent from his suggestion, quoted in pa?agl:aph 22 of Lleu.tenant-Col‘oncl
Dyas’s letter, viz., ‘¢ that the amount of evaporation zncreases”not on{y in proportion to
« the surface erposed, but inversely as the depth of the watfr. This would be tn? say
that the water in a tank ten feet deep evaporated only with one-tenth of the rapidity |
with which it woul

d be lost if the depth were only one foot ; or to extend his law
gtill further, it would amount to saying, that, from a

deep lake or from the sea, the
evaporation was next to nothing ! I believe the rapidity of evaporation to depend
solely upon the temperature of the expose

and

d surface water, and beyond a certain

be perfectly independent of the depth of the under

definite and moderate limit to
water, or of the total area exposed. In the small shallow Evaporators formerly em-
?

ployed, the heating of the flat copper dish- by the sun ’s rays, vitiate.d all the re:sglts ;
but in a larger one, say not under thirty :fnc?es diameter, wholly immersed in’ the
tank water, the evaporation of which it 1s intended to measure, and f“’t less than

eliminated, and the evaporation recorded

foot in depth, all such effect must be .
(x:;?st be fairlypco’mparable with that actually taking place from the surface water of

the tank itself.

6. Should the contriva
Government, the machines W0
Public Works Department, und

two or three at least should be te
forwarded to their destinations for actual use,

nce herewith submitted meet the approbation of
uld be best copstructed by Mr. F. Doderet of the
er my own jmmediate supervision ; ‘and the first
sted and examined at the Observatory, before being
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