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ABSTRACT

A simple rain gauge recorder, driven by collected rainfall, was

constructed and tested. One of the main parts of this recorder is a

tube, dripping at a constant rate into a chamber containing a flow which

drives the chart. To obtain a constant rate of flow in the dripping

tube, several designs were tested. The final design requires a glass

tube with a small orifice.

The water-powered recorder was tested in the laboratory and the

calculated error was + 1.8 mm per hour. It is not possible to record the

starting hour and day of the rainfall with this recorder. A design for

another recorder is presented, using the same basic principle but with a

special mechanism for recording the starting hour and day of the rainfall

and which can function for long periods of time without maintenance.

vii



INTRODUCTION

Man has always been interested in the measurement of rainfall.

Rain was measured in India as early as 400 B.C. (Kurtyka, 1953). Due to

an increasing demand on the world's water resources, the need for collec-

tion of rainfall data is increasing.

The installation of recording rain gauges in many areas, espe-

cially in developing countries, is limited mainly by three factors: (1)

the high cost of rain gauges (this cost becomes relatively higher for

countries which import the equipment), (2) the complexity of available

recording instruments requires trained personnel for maintenance, and

(3) the conventional recording rain gauge requires periodic visits, which

in remote and difficult terrain make maintenance economically prohibitive.

A solution to these problems is the development of a simplified, low-cost

instrument which could function without maintenance for long periods of

time.

The objectives of this thesis are to describe a simple and new

type of recording rain gauge which utilizes the collected rainfall as the

source of power to drive the chart, thus reducing the required number of

visits to the gauge site, and to present the results of laboratory and

field testing of such a recorder.

Description of Existing Recorders 

More than 200 different types of rain gauges (Kurtyka, 1953) have

been developed since 1800. The most widely used, recording-type rain

1
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gauges are: the tipping-bucket, developed in France by Richard Freres in

1882; the weighing type, developed in the United States by Fergusson in

1889; and the float type, developed in Germany by G. Hellman in 1897

(Kurtyka, 1953).

Basically, all of the recorders developed since 1880 are modifi-

cations of the three above-mentioned types. The float-type instrument is

used in Czechoslovakia and many other countries (Nemec, 1964). In the

United States, the most commonly used recorders are the tipping-bucket

and the weighing type.

Tipping-Bucket Rain Gauge

The tipping-bucket gauge is divided into two compartments and is

so balanced that when 0.25 mm of rain has accumulated, it empties through

tipping, simultaneously making an electrical contact and exposing the

other side of the bucket to the incoming stream of water. It thus tips

back and forth, making a momentary contact for each tip. The movement of

the bucket as it tips over can be used to create an electrical pulse which

can activate a pen or punch on an event recorder.

This type of gauge is accurate for low and moderate rates of

rainfall, but has an error that increases with the intensity of rainfall

owing to the loss while the bucket is tipping. For rates of rainfall up

to 75 mm per hour, accuracies are within one percent (Science Associates

Incorporated, 1971).

The main advantage of this type of instrumentation is that the

frequency of the electrical pulse caused by the tipping of the bucket can

be easily recorded. The recording mechanism can be located at a
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considerable distance from the gauge. There are, however, some disad-

vantages (Nemec, 1964, p. 73). These are:

a) The bucket takes a small but finite time to tip over, and

during the first half of its motion the rain is being led

into the compartment already containing the calculated amount

of rainfall. This error is appreciable only in heavy

rainfalls.

b) With the usual design of the bucket, the exposed water sur-

face is relatively large, so that evaporation losses can

occur, especially from low-intensity storms in hot regions.

c) Because of the discontinuous nature of the record, the

instrument is not satisfactory for use in a light drizzle or

very light rain.

d) The time of beginning and ending of the rainfall cannot be

accurately determined.

For convenience, the event recorder can be located indoors and

connected to the rain gauge with two conductors. The gauge and recorder

can be separated by any distance as long as the voltage in the circuit is

strong enough to activate the mechanism.

In the United States, a tipping-bucket rain gauge with a mercury

switch, but without its recorder, costs $230 (Weather Measure Corporation,

1972). The cost with an event recorder and a one and one-half volt clock

drive for either a 24-hour or 7-day rotation is $335. With a long-term

event recorder (three-month supply of chart paper), the cost is $760.
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Weighing-Type Rain Gauge

This type of gauge is used for rain and snow. Precipitation is

collected in a bucket mounted on a weighing mechanism. The scales

activate a pen arm, and by a system of levers it is possible to make the

pen traverse the chart any number of times. The chart drum is rotated by

a hand-wound clock or one that is battery-powered.

The advantages of this type of rain gauge are that it gives a

continuous record and losses by evaporation can be kept to a minimum

through a film of oil used in the collector bucket. This type of instru-

ment is especially useful in recording snow, hail and mixtures of snow

and rain. The main disadvantage is that frequent visits are needed to

wind the clock or change the battery and empty the bucket after rainfall

occurs.

Gauges activated by a hand-wound clock and with recording periods

of 6, 12, 24, 48 and 192 hours cost $340 (Science Associates Incorporated,

1971). For a battery-powered drive with 168 hours continuous rotation,

the cost is $383.

Floating-Type Rain Gauge

In this type of instrument, the rain flows into a chamber con-

taining a float; the vertical movement of the float as the water rises is

transmitted by a suitable mechanism into the movement of a pen or a chart.

The main advantage is that when the float chamber becomes full,

it empties itself by a siphon action. The main disadvantage is that

rainfall is lost during the siphon action which requires the correction
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of the rainfall recorder. For small rainfall events, the siphon may not

be activated since there is a tendency for the water to dribble in the

siphon tube.

Based on the above principle, the U. S. Geological Survey con-

structs their own type SR, stage and rain gauge recorders, with a battery-

powered clock. It uses a 24-hour chart. The price is $150 (U. S.

Geological Survey, 1965).



DEVELOPMENT OF INTERMITTENT WATER-POWERED RECORDER

The first attempt to reduce the frequency of visits to the rain

gauge recorder, in order to either rewind the clock or replace a battery,

was to substitute the clock mechanism which drives the chart of existing

recorders by a system as shown in Figure 1. This figure is a sketch of a

rain gauge recorder driven by the collected rainfall. The water flows

first into a small container supporting in its bottom a capillary tube

which drops water at a constant rate to a container with a float (timer

collector). As the float in the container rises, the counterweight of

the float will drive the chart mechanism by means of gears, thus replacing

the usual clock mechanism. The excess of rainfall, which has not fallen

into the first container, is carried into another container (rainfall

collector), whose float counterweight activates the drawing pen arm.

Several sizes of capillary tubes of a constant length (5 cm) were

tested. When small diameter tubes were tested, yielding flow rates of

less than 1 cm
3 /min, the rate of flow had not the desired continuity,

because at these small rates air bubbles and dust particles greatly

affected the continuity of flow. The best results, with respect to the

continuity of flow, were obtained when the flow rate was 2 cm
3
/min or

higher.

One of the design criteria is the determination of the minimum

intensity of rainfall necessary to maintain a steady flow of the dripping

capillary tube. The calculation of the minimum rainfall intensity is

given by the following formula:

6
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Figure 1. Sketch of a Rain Gauge Recorder Drived by the Collected

Rainfall.
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= 60 CI 
A

where I = minimum rainfall intensity to maintain the flow in the drip-

ping tube, in cm per hour;

C = constant flow rate of the dripping tube, in cm
3 per minute; and

A = area of rainfall collector funnel, in cm
2

.

This equation is represented in Figure 2, which shows the relation between

the area of the rain collector funnel with respect to the different rates

of flow in the capillary tube at different intensitties of rainfall. By

specifying any two of the above variables, the value of the other vari-

able can be determined.

Several difficulties became evident while using capillary tubes.

One of them was that when a rainfall event yielded smaller than the

minimum rate of flow to maintain the dripping of the capillary tube,

several air bubbles were entrapped in the capillary tube, thus stopping

the flow. This problem was solved by putting the capillary tube in a

small, cylindrical container full of water, keeping the top of the

capillary tube lower than the capillary height of rise; in this way the

capillary tube is always full of water. Another problem became evident

when the rate of flow in the capillary tube was tested at different

temperatures. Since the rate of flow is inversely proportional to the

viscosity of the fluid and the viscosity is inversely proportional to the

temperature, an increase of 48 percent in the rate of flow was noticed

when the temperature was changed from 0 ° C to 27 ° C (a viscosity change of

1.78 x 10
-2 gm/cm-sec to 0.85 x 10

-2 gm/cm-sec).



9

g
H

g
.H

0

0

cc

4-1
.H

g
0

g

4-1
g

N-

.H
g

.H
nSD

NIr-N
0

4-4

0

0

g

g

P=4
1:14

c)	 ;-4
e-4-1
0

g 0

3 E—n
0

re)	 b-0
C14 g

.H
V) ri,

1.0.H
;-1

0	 CD (Z)
0

0

-1-)
g
g g
• •H

=	 4-4
0 n-1

--1

0

• 

(D

.• 1-n--,--.
E-

\
. e r

eP,..'
0/

.6l

SA. k ,

A IN 1

CO

CN1

F-1

1:10

(uTuya) acin4 fuTddTap atp go mou go a4 -ell



10

To maintain the same flow rate at different temperatures, several

devices were designed with the objective of changing the hydraulic gradi-

ent in proportion to the change of viscosity due to temperature; but none

of them had the desirable simplicity. After several attempts to solve

the difficulty, a larger diameter tube with a small orifice at the end

was substituted for the capillary tube.

For the construction of a tube with a small orifice, an 8-mm

diameter glass tube was used. One end of the glass tube was heated with

a rotational motion until it melted and formed a very small orifice. Two

tubes were constructed by this method. A conic shape was obtained for

both orifices (Figure 3).

Both glass tubes were tested several times at temperatures

ranging from 0 ° C to 40 ° C with a hydraulic head difference of 10 cm across

the orifice. One tube gave an average flow of 4 cm3/min; the other

7 cm3/min. In 15 tests, the difference in flow from the average was not

greater than 3 percent in either one of them.

To estimate the required orifice size, the following equation was

used:

Q = aCd2gH

where Q = rate of flow, in cm
3 /sec;

g = acceleration of gravity, in cm/sec
2 ;

= hydraulic head at the top of the orifice, cm;

a = cross-sectional area of orifice, in cm
2 ; and

Cd = 
discharge coefficient, dimensionless.

The discharge coefficient is equal to:



Glass tube
(8-mm diameter)
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Figure 3. Constructed Glass Tube with a Conical-Shaped Orifice.
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Cd =CCvc

where Cv = velocity coefficient and

Cc = coefficient of contraction.

The velocity coefficient varies from 0.95 to 0.99 for square-edged or

rounded orifice (Streeter, 1962). Since the orifice is conical in shape

(Figure 3), the coefficient of contraction can be assumed to be 1.0.

Thus, the discharge coefficient is estimated to be 0.95.

For a tube with a flow rate of 7 cm3/min,

7	
= 8.9 x 10 -4cm

2 
.

(60)(0.95) V (2) (981)(10)

-4An area of 8.9 x 10	 cm2 is equivalent to a diameter of orifice of

0.0336 cm. In the same way, the cross-sectional area of a tube with a

flow rate of 4 cm3/min is estimated to be 5.05 x 10 -4 cm2 , which is

equivalent to a diameter of orifice of 0.0254 cm. In the following sec-

tions, the glass tube with the orifice will be called the "timer," since

it is the control in the arrangement used to drive the chart in the rain

gauge recorder, replacing the capillary tube in Figure 1.

The minimum rainfall intensity that could be measured on the

gauge of Figure 1 is the intensity capable of maintaining the rate of

flow in the timer. Since it is desirable to measure a minimum rainfall

intensity, with an acceptable size of funnel area, a timer with a small

rate of flow should be selected; however, from tests done, a rate of flow

of 2 cm
3
 /min or more is suggested to obtain a good continuity of flow.

For this reason, a timer yielding 2 cm3/min is considered a good selec-

tion, and the funnel area needed to measure a minimum rainfall intensity

2of 2 mm/hr is 600 cm (Figure 2).
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When the rain gauge is installed in the field, especially in arid

areas, small particles deposited by the wind on the funnel are carried by

the rain water to the timer. To prevent these particles from clogging

the orifice of the timer, a filter is needed before these particles reach

the orifice. Several filtering devices were tested with a mixture of

water and sediments. The main trouble presented was the clogging of the

filter. Good results were obtained when the filter was installed at an

angle of approximately 60 ° with the vertical, in the entrance of the
water timer assembly (Figure 4). This assemblage was constructed from

Polyvinylchloride (P.V.C.) pipe of 1.27-cm diameter. The gate to the

assembly is a small piece of pipe which is supported by an elbow; between

the pipe and the elbow there is a 60 0 inclined filter. At the top of the

filter, a hose is connected to carry the deposits to the rainfall collec-

tor, thus keeping the filter always clean. The filtered rainfall is

carried to a "T" which supports the timer which is dripping into the

timer collector. The excess of rainfall is carried to the rainfall

collector.

Since the estimated diameter of the small orifice in the timer is

0.34 mm, a 100-mesh brass strainer cloth was used with good results.

Adaptation of the Type-S Recorder 

The rain gauge recorder was constructed by an adaptation of the

Type-S flood hydrograph recorder used by the U. S. Geological Survey.

Figure 5 is a schematic and Figure 6 is a view of the adapted

recorder. The list of parts is given in Table 1.
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Figure 4. Assembly of Water Timer.
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Figure 6. Assembly Elevation View.
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Table 1. Recorder Parts List.

Part
	

Part
No.	 Name	 No.	 Name

1 Lower base 29
lA Upper base 30
2 Pipe Flange 31
3 Support (casting) 32
4 Stylus carriage block 33
5 Counterweight drum 34
6 Float wheel 35
7 Retainer spring 36
8 Stylus holder 37
9 Stylus weight 38

10 Stylus weight shaft 39
11 Screw (rainfall,	 1.h. 40

thread) 41
12 Screw collar 42
13 Guide bar 43
14 Support, pulley 44
15 Float, top 45
16 Float, bottom 46
17 Float, ballast 47
18 Counterweight 48
19 Float, body 49
20E Chart table 50
20F Hub, chart table 51
20G Set screw, chart table 52
21 Collector cover 53
22 Drain tube 54
23 Hinge, cat. #56-213B 55
24 Rain well 56
25 Siphon 57
26 Clamp 58
27 U-bolt 59
28 Cover

Bearing
Float line (stainless)
Sleeve, float line
Line, counterweight
Screw eye
Pulley, ball bearing
Pawl, carriage
Chart, mylar
Stylus
Pipe cap
Pipe plug
Cap screw, hex HD
Cap screw, fl. HD
Mach screw, truss HD
Mach screw, truss HD
Mach screw, binding HD
Mach screw, binding HD
Mach screw, binding HD
Mach screw, binding HD
Mach screw, binding HD
Mach screw, fl. HD
Mach screw, binding HD
Mach screw, binding HD
Set screw, soc. headless
Set screw, soc. headless
Rivet, brazier HD
Nut, hex
Cap screw, hex HD
Nut, hex
Lock washer
Lock tab
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The Type-S recorder consists of: an upper base (1-A); the

circular chart table (20-E) with the support and the battery-powered

clock which is not shown in the figure; the rainfall collector (24) and

its siphon (25); float and pulley wheel system, the stylus carriage,

thread screw and its parts (11). The alteration done to the Type-S

recorder was to substitute the clock by the water timer assembly (Figure

4); to add a second pipe with a siphon tube (timer collector), float and

pulley wheel system and the lower base (1), and to change the funnel from

14.2 by 19 cm to a 23.5 by 29.5 cm rectangular size.

The working procedure of the recorder is as follows: water

collected in the funnel (Figure 5) is conducted through the rainfall

collector hose to the timer. A constant rate of water flow through the

timer falls into the timer collector turning the float wheel at a constant

velocity by means of the counterweight. The float wheel turns the chart

table with a constant angular velocity. The rainfall not consumed in the

timer falls into the rainfall collector. The float wheel of the rainfall

collector turns the thread screw (11), thus producing a displacement of

the stylus carriage block in a proportional amount to the rainfall. When

the timer collector is filled, a siphoning arrangement provides the

emptying of the collector, and the stylus carriage block is returned to

its original position.

General Description

Due to economic limitations, the appropriate size of gears and

other parts needed to optimize the height of the graph drawn by the

recorder were not constructed; however, it will not affect the purpose of

the thesis which is to present the acceptability of the results of the
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proposed recorder. Because of the mentioned reason, the timer rate

selected was 9 cm
3
 /min instead of 2 cm

3
 /min as suggested before, since

a rate of flow of 2 cm
3
/min would give a small displacement on the time

scale with the existing parts of the Type-S recorder.

The distance between the orifice of the timer and the water level

on the top of it is 15 cm, which for the orifice size selected produces

a constant flow rate of 540 cm
3/hr. This flow rate is equivalent to a

rainfall of 7.8 mm/hr falling on the funnel area of 690 cm
2 . The cross-

sectional area of the timer and rainfall collectors, plus the area of the

siphon tube is 20.8 cm
2
. A rise of 30.4 cm of the float turns the float

wheel 360 ° , which is equivalent to a displacement of one centimeter of

the stylus carriage block and 51.5 ° of the chart table. The discharge of

the timer and rainfall collectors is done by a 0.80 cm outside diameter

(O.D.) siphon tube of seamless copper refrigeration tube as 
shown in

Figure 7. For the funnel area selected, this siphon tube 
will handle all

appreciable rates of rainfall, even those in excess 
of 300 mm/hr, but it

may fail to prime (dribble out water without starting 
the siphon action)

at rates of rainfall less than about 2.5 mm/hr 
(U. S. Geological Survey,

1965). A larger diameter tube (0.95 cm 0.D.) 
is not satisfactory because

of the high probabilities of failure to siphon 
at a rate of rainfall less

than about 20 mm/hr. A smaller (0.64 
cm 0.D.) tube will properly prime

at minimum rates of rainfall, but a prior 
siphon action may leave a little

water in the pipe, which causes the subsequent 
siphon action to start

several millimeters of rainfall too early. This 
is not very serious,

since a correction can be applied.
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Correction for Rainfall Losses

The collectors are siphoned out in 1.2 minutes. Depending on the

rainfall intensity the siphoning of the rainfall collector takes more

time in the discharging action. During this time, the rainfall is not

recorded on the chart; for this reason, an instrument correction should

be added. Figure 8 gives the correction that should be added to the

recorded values for various rates of precipitation during the siphoning

action (U. S. Geological Survey, 1965).

The time required for the timer collector to get a level before

the siphon is activated is 3.8 hours. In each siphon action of the timer

collector, there is a loss of 1.3 minutes that should be added to the

recorded time.

Since 7.8 mm of rainfall per hour, falling in the timer collector

needed to drive the chart table, is not recorded on the chart, a correc-

tion should be made. Figure 9 gives the correction in millimeters that

should be added to the total amount of accumulative rainfall recorded, in

the desired interval of time.

For example, the reading of the rainfall amounts from the graph

shown in Figure 10 is as follows (note that the chart is in inches).

Accumulative rainfall from the graph is 1.4 inches (35.5 mm). The average

intensity over the ten-minute period just prior to siphoning is:

1 - 0.6I' =	 - 2.4 in/hr = 61.5 mm/hr .
10/60

From Figure 8 and for an intensity of 61.5 mm/hr, the loss during

siphoning action is 1.8 mm. From Figure 9 the correction loss during

1/2 hour is 4.0 mm. The accumulative rainfall during the 30-minute
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Figure 10. Graph Trace by the 
Rain Gauge Recorder.
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period is.:

gs = 3.5. + 1.8 + 4.0 = 41.3 mm

The average intensity for the 30-minute period rainfall event is 82.6

mm/hr.

To prevent evaporation from the rainfall and timer collectors, it

may be desirable to float several millimeters of oil on the collectors,

especially during dry periods. There is evidence that once the oil has

siphoned through the tube, subsequent siphoning times will be shortened

by about 10 percent; however, this effect is not consistent enough to

justify correction of rain loss during each siphon action (U. S.

Geological Survey, 1965).

Separation of Rainfall Events

There are two ways to distinguish between different rainfall

events. First, once the rainfall stops, it will take about two minutes

to discharge the amount of water that is contained in the timer and the

P.V.C. assembly. During this period, the chart shows displacement in

time with no increase in accumulative rainfall (see Figure 10). However,

when two or more consecutive events of intensities yield water less than

the required volumes for the timer, the chart will also show only a

displacement in time. Thus, two or more consecutive events with an

intensity less than 7.8 mm (amount consumed in the timer) cannot be

separated by this method. Second, when the period between events is long

enough so that evaporation can be noticed, the evaporation of the rainfall

collector will produce a small decrease of the accumulative rainfall or

time recorded at the end of each event.



TESTING OF THE INTERMITTENT WATER-POWERED

RAINFALL RECORDER (IR)

The maximum intensity that the rain gauge is able to record is

limited by the ability of the siphon to discharge the rainfall collector.

By a test performed, it was found that the siphon could well handle rain-

fall intensities higher than 300 mm/hr.

Sensitivity of the recorder depends on the amount of water con-

sumed in the timer plus the minimum rate required to activate the siphon

(at very small rates water will dribble out without starting the siphon

action). A 0.80 cm O.D. siphon tube is activated by rainfall intensities

less than 2.5 mm/hr (U. S. Geological Survey, 1965). The amount of rain

used by the timer is 7.8 mm/hr. Thus, the minimum intensity that the

recorder is able to prime safely is approximately 10 mm/hr. This minimum

intensity can be decreased by increasing the funnel area, or by using a

timer which works with lower rates 6f flow.

Reliability of the recorder was experimentally determined.

Distilled water from a 1,000 cm
3 graduated cylinder was released at a

constant rate into the funnel of the rain gauge 
recorder. As the water

level in the cylinder dropped, the time of the 
different readings in the

graduated cylinder was taken with a stop watch. The 
procedure was

repeated 15 times for different rates of flow 
released into the funnel.

Inflow rates were compared with the trace of the 
rain gauge

recorder (Table 2).

26



27

Table 2. Comparison of the Measured and Recorded Data.

_
X

Calculated	 x
Intensity	 Measured	 x - x

	with	 Intensity	 Difference
Measured	 with	 of Both	 (x - 7c) 2

Time	 Data	 Recorder	 Intensities	 Square of
(min)	 (mm/hr)	 (mm/hr)	 (mm/hr)	 Difference

15 18.3 18.3 0.0 0.0

15 13.2 13.2 0.0 0.0

15 11.0 9.2 -1.8 3.22

12.5 39.1 40.5 1.4 1.95

4 32.3 31.5 -0.8 0.64

5 54.2 54.5 0.3 0.09

30 15.7 15.5 -0.3 0.09

27.5 23.6 25.0 1.4 1.95

57.5 19.6 20.2 0.6 0.36

15 17.3 17.6 0.3 0.09

13 29.3 28.5 -0.8 0.64

17 41.2 41.5 0.3 0.09

30 78.0 76.6 -1.4 1.95

30 88.2 89.0 0.8 0.64

15 63.5 63.5 0.0 0.0

Average Difference -0.3 11.41

Variance S2 - 
11.41 - 0.813
14

Standard Deviation S = 0.90

Coefficient of kurtosis g2 = 2.52

Skewness g l = 0.034
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Differences between recorded intensities and measured data were

obtained. The variance, standard deviation, coefficient of kurtosis and

skewness of the error sample were calculated (see Table 2). According to

the value of the kurtosis coefficient (g 2 = 2.52) and skewness (g 1 =

0.034), a normal distribution (g 2 = 3, g l = 0) is assumed. The 95 percent

confidence limits in a normal distribution are twice the standard

deviation (S = 0.90) to each side of the mean, that is, 1.8 mm/hr. For

this reason, the error in rainfall intensity with a 95 percent confidence

is not greater than + 1.8 mm/hr. Figure 11 shows the fringe of values

between the 95 percent confidence limits.

To perform the field testing, the rain gauge recorder was

installed on the fifth of July at the Water Resources Research Center

Field Laboratory of the University of Arizona in Tucson, Arizona.

The results were compared with a weighing-type recorder. To avoid

interference between gauges, the recorder was installed 4 feet away from

the weighing-type recorder (see Figure 12).

The chart obtained from the water timer recorder is shown in

Figure 13 and from the weighing-type in Figure 14. The charts contain

data for seven rainfall events.

As mentioned before, the intensity of rainfall needed to run the

water timer is 7.8 mm/hr. If the rainfall intensity is less or equal to

the specified amount, the timer will continue running drawing a circular

path on the chart but the recorded time will be less than the real time.

However, the total loss of rainfall to drive the chart is always the

product of the time (in hours) recorded in the chart by 7.8 mm/hr.
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Figure 12. Field Installation of the Water Timer Recorder.
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Figure 13. Rainfall Events Traced by the Water-Powered Recorder.
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Table 3 shows the comparison between total amount of rainfall

recorded in the weighing-type and water timer recorder.

Based on observations made while checking the instrument, the

maximum amount of float drag in each collector is 2.5 cm. This results

in a maximum possible combined error (rainfall plus timer collector) of

+ 1.5 mm in the amount of rainfall recorded. If the rainfall amount

exceeds 15 mm, the error would, thus, be 10 percent or less. During the

field test, only one rainfall event occurred approaching 15 mm (14.2 mm

recorded on the weighing-type on July 14, 1973) which was recorded by the

water-powered recorder as 14.5 mm, indicating a difference of only 2.1

percent. Of the total 8 periods of rainfall recorded, all showed an

absolute error of less than the expected + 1.5 mm, ranging from + 0.7 mm

to - 0.7 mm.
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Table 3. Total Amount of Rainfall in the Weighing-Type and Water-Powered
Recorder.

Date

Total Rainfall in
Weighing-Type

(mm)

Water-Powered Recorder

Chart
Reading
(mm)

Driving
the Chart

(mm)
Rainfall

(mm)

7-8-73 5.1 2.4 3.3 5.7

7-12-73 2.3 0.5 2.4 2.9

7-14-73 14.2 2.5 12.0 14.5

7-23-73 6.3 3.1 2.5 5.6

7-27-73 0.3 0.0 0.3 0.3

7-28-73 0.8 0.5 0.5 1.0

8-1-73 0.5 0.0 1.2 1.2
(1 event)

8-1-73 5.1 2.4 3.2 5.6
(2 events)



ADVANTAGES AND DISADVANTAGES OF THE INTERMITTENT

WATER-POWERED RAINFALL RECORDER

Advantages 

Because of the simplicity of the rainfall recorder, field super-

vision of collecting the data can easily include diagnostics of the cause

of possible malfunctions which could be easily repaired in the field.

Also, since the chart is driven by the collected rainfall, less frequent

visits are required, and chances of clock failures are also eliminated.

Disadvantages 

One of the main disadvantages of this recorder is that it does

not record the day and starting time of rainfall; however, the person

responsible for collection of data could change or mark the chart after

each event. Also, the day and starting time of the rainfall could be

estimated by a correlation with other rainfall recorders or flood hydro-

graph recorders in the same area.

Another disadvantage of the tested recorder is that it will not

record intensities of rainfall smaller than 10 mm/hr. This can be

improved by increasing the funnel area or using another size of timer.

Cost Analysis 

Table 4 shows a cost analysis of two recorders: one, driven by 
a

clock; the other, by a water timer. The costs 
are based on prices of

parts of the Type-SR and Type-S recorders in the United States (U. S.

Geological Survey, 1972).
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Table 4. Cost Analysis of the Electric-Powered and the Intermittent Water-
Powered Rainfall Recorders.

Water-Powered	 Electric-Powered
Recorder Cost	 Recorder Cost

Parts	 (U.S.$)	 (U.S.$)

Timer 8 60

Others 82 60

TOTAL 90 120



PROPOSED CONTINUOUS LONG-TERM, WATER-POWERED

RAINFALL RECORDER

Many of the disadvantages of the intermittent water-powered rain-

fall recorder (IR) discussed before, can be overcome by a large source of

water. A design for such improvement has been worked out, but time and

funding did not allow this improved model to be built and tested.

The driving power proposed in this design uses a water timer.

The amount of water needed yearly to maintain continuous dripping at

3 am
3
 /min s

part of the system.

In some tropical countries the rainfall is high. Costa Rica has

an average precipitation of 2 m/yr. In such a country, a cubic tank of .

1.17 m per side could maintain the timer running forever by the collected

rainfall in the tank. Dryer climates would require larger tanks.

To get a constant hydraulic head in the timer, a float valve with

a small orifice in the upper part of the float valve container is sug-

gested (see Figure 15). The working procedure of the recorder is a com-

bination of the tipping bucket and the float type. The chart consists of

a narrow roll of paper, which is rolled from the paper band container

wheel by the shaft of the float wheel. This paper band moves at a

velocity proportional to the rising of the float. Attached to the float

wheel is the counterweight wheel. The unit of these two wheels has a

free moving system which permits the counterweight, when the float is

rising, to turn the rolling paper shaft. On the other hand, the shaft

i	 31.6 m. A water storage container could be included as a
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Figure 15. Schematic of the Long-Term, Water-Powered Rainfall Recorder.
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will not turn when the float moves downwards after the siphon action has

started.

In the tipping bucket, which is very accurate for small rates of

rainfall, the drops of the timer are falling at a constant rate. Thus,

the bucket will tip at constant intervals of time (every 1 to 5 minutes),

emptying itself in the rainfall container. At each tipping, the needle

in the tipping bucket counterweight will perforate the paper band (see

Figure 15). The rain water collected in the funnel discharges directly

in the rainfall container.

During dry periods, the float will rise at a constant velocity

due to the water that is dripping from the timer. During these periods

a perforated line will appear in the paper band. Thus, consecutive

perforations have a length proportional to the amount of hours without

any rain (see Figure 16).

Figure 16. Perforated Band.

During periods of rainfall, the amount of rain between each

interval of time between tippings is 
the distance between perforations.

As an example, suppose 
that at each centimeter of rainfall, the float

wheel shaft pulls the paper band one centimeter. 
In dry periods the same

shaft pulls the paper band 5 cm/day. The time between tippings is one

minute.
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As shown in Figure 16, this system uses more efficiently the

paper chart, since the scale during dry periods is very small; on the

other hand, during periods of rainfall the scale is large.

A recorder requiring no maintenance for two or more years can be

designed without any problems by changing the funnel area, the rainfall

collector and the gears.

Adding antifreeze, copper sulfate, or other suitable chemicals to

the reservoir tank will prevent freezing and the formation of algae on

the time or other parts of the recorder.



CONCLUSIONS

The water-powered rainfall recorders described are simple, rela-

tively low-cost instruments which increase the feasibility of the

collection of rainfall data in remote areas, where the high cost of the

available equipment makes its installation for such areas prohibitive.

Due to the simplicity of the driving mechanism, in the water-powered

recorders which use the collected rainfall as energy source to drive the

chart, the cost of field supervision and changes of clock failures are

reduced.

The intermittent water-powered rainfall recorder (IR) is not able

to record low intensities, although, in the laboratory and field testing,

good results were obtained of the accumulative rainfall and of rainfall .

intensities greater than the minimum required to drive the chart. From

laboratory testing, the intensity error with a 95 percent confidence is

not greater than + 1.8 mm/hr.

The IR is not recommended if the day and starting hour of rain-

fall is desired, unless such data could be obtained by other means.

However, it is a good instrument to record rainfall events as a unity,

during long periods of time.

The design of the continuous long-term, water-powered rainfall

recorder (CLR) is able to record small rainfall intensities and the day

and starting hour of the rainfall.

Both instruments (IR and CLR) make efficient use of chart paper

during dry periods; however, the scale of the CLR is enlarged during the
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rainfall event. This increases the accuracy in reading the chart.

Although additional research and development are needed, the results of

this thesis indicate that the water-powered rainfall recorders could pro-

vide an economic rainfall station that could operate unattended for long

periods of time.
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