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1. INTRODUCTION

In the past CWD pumps always have been equipped with air chambers. This was done

because an air chamber smooths the pulsating flow of the pump and due to this the

dynamic forces are reduced.

A problem with the actually air chambers is to keep the air in the air chamber and the

supply of air to the air chamber.

To solve this problem much investigation is necessary. To show the importance of

finding a way out to make air chambers available in the field, some tests have been

done on a CWD 108 deepwell pump with and without air chamber.

The results of these tests can be compared with each other.
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2. DESCRIPTION OF THE TEST STAND

The pump test stand used was the so-called CWD 5001 test rig, see fig. 2.1. For this

test rig the CWD 5001 windmill was used, in which the rotor was replaced by a DC

motor with speed control.

The stroke can be adjusted from 80 to 200 mm with steps of 40 mm. The speed range

is from 0 upto 3.3 rps. Depending on the load the maximum rps can be lower than 3.3

rps.

The force in the pump rod is measured with a force transducer type E. Brosa + 50 kN.

The flow is measured with an inductive flow meter: Disco mag. DMI 6531/H50

Endress + Hauser. The data acquisition was done with a IBM.XT personal computer

equipped with a Metrabyte Dash 16 data acquisition board, an Intel 8087 Math

co-processor and a Hercules graphics card.

To collect and process data use was made of the scientific software package ASYST.

An analysis of the accuracy of measurement is given in Annex IV.

The well under the test rig has a depth of 33 meter. The CWD 108D pump was

installed at a depth of 27.6 meters ground level to foot valve. The static head was

taken at 26.4 meters. For the rising main 2" GI pipe was used with a 3/4" CWD pump

rod inside. From the delivery T to the de-aeration vessel 3 meter 2" plastic hose was

used. The stroke was adjusted at 200 mm
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3. DESCRIPTION OF THE MEASURED CONFIGURATIONS

3.1 Configuration 02 (fig. 2.1)

Pump tested: CWD 108D pump

Installation depth: 27.6 m foot valve to ground level

Imersion depth: 3.1 m

Static head: 26.4 m

Static pump rod force: 2.3 KN

Internal diameter pump: 108 mm

Internal diameter rising main: 52 mm (2" GI pipe)

External diameter pump rod: 27 mm (3/4" GI pipe)

Stroke: 200 mm

Air chamber: yes 16 I

Valve lifting height: piston valve 3.5 mm

foot valve 3.5 mm

4



3.2 Configuration 07 (fig. 2.2)

Pump testes: CWD 108D pump

Installation depth: 27.6 m foot valve to ground level

Imersion depth: 3.4 m

Static head: 26.1 m

Static pump rod force: 2.4 KN

Internal diameter pump: 108 mm

Internal diameter rising main: 52 mm (2" GI pipe)

External diameter pump rod: 27 mm (3/4" GI pipe)

Stroke: 200 mm

Air chamber: no

5

Valve lifting height: piston valve 3.5 rom

foot valve 3.5 mm
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4. ELUCIDATION OF THE MEASUREMENTS

Each measurement has an index number according the following format:

pxxx yy zz
A B

C

where in A: p = for pump

xxx = diameter pump in mm

B: yy = configuration

C: zz = number of measurement

The results of the measurements are given in the annexes.

Configuration 02

Configuration 02

Annex I p10802 .

Annex II pl0807 .

The results are represented as indicator diagrams for each rotation speed measured.

Also the total results, F -F., 77 I and 77 h are given as function of themax mm vo mec

rotational speed. In the indicator diagrams the value of the pump rod weight (Gpr)

and pump rod weight + static force (F t + G ) are marked.s pr

4.1 Confiwation 02

Force, flow and speed are measured for n=O.1 to 1.47 rps (maximum attainable) in

steps of 0.1 rps. The results of the measurements are given in indicator diagrams

(annex 1-1 to 1-13) Out of these measured values the force step peak peak (LiF =

Fmax-Fmin) mechanical efficiency (77mech) and the volumetric efficiency (77vol) are

calculated. Annexes 1-14 to 1-18 give the results of LiF, 77mech and 77vol versus the

rotational speed. The best fitting polynomial approximations have been calculated and

are for 0.5 ~ w ~ 9.5.
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~F = 0.01553 w2 + 0.565 w+ 2.818 [kN]

TJmech = 0.00195 w
3 - 0.0358 w

2 + 0.196 w + 0.644 [-]

TJ = 0.0022 w3 - 0.0437 w2 + 0.236 w + 0.524 [-]vol

In the force signal two vibrations can be seen with different frequency one in the

upward stroke and the other in the downward stroke.

The natural frequency of pump rod and the accelerated water mass (assumed an ideal

air chamber behaviour) is:

1 k
f=1'-:~-o ~7r m

k
_ Epr · Apr
- 1

pr

m = m + m 1/3 mwe p pr

fo - natural frequency

E - elasticity modulus pump rodpr

Apr - cross section pump rod

I = length pump rodpr

m = mass water in cilinderwe

m - mass pistonp

mpr - mass pump rod

[Hz]

[N/mw
]

[m2]

[m]

[kg]

[kg]

[kg]

upward stroke
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11 -4
k - 2.1xlO .2.02x10 - 118 106 N/ w- 36 - . x m

m = 6 + 3 + 1/3 65 = 30.6 kg

6
f - 1 I 1.18x10 - 31 H
o - 27r 1 30 .6 - z

downward stroke

k = 1.18x106

m = 0 + 3 + 1/3x65 = 24.6 kg

6
f - 1 I 1.18x10 - 34 H
o - 27r 1 24 .6 - z

The frequencies found in the upward stroke range from 22 to 25.6 Hz and in the

downward stroke from 22.4 to 36.7 Hz.

From this result it can be concluded that the vibrations in the force are caused by the

give of the pump rod and accelerated water mass and that a model with lumped

parameters can be used for pumps with air chambers.

A strange valve behaviour is observed at rotational speeds above 1.3 rps. A suddenly

delay in valve closure and opening angle is found for n<1.3 rps.

Up to now no good explanation can be given for this strange valve behaviour.
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4.2 Configuration 07

Force, flow and speed are measured for n=O.l to n=0.7 rps. The results of the

measurements are given in indicator diagrams (annex II-I to 11-5). Out of these

measured values the force step peak-peak (boF = F -F.), mechanical efficiencymax mm

(17mech) and the volumetric efficiency are calculated. Annexes II-{) to 11-10 give the

results of boF, 17mech and 17vol versus the rotational speed.

The best fitting polynomial approximations have been calculated and are for 0.5 ~ w ~

5 rad/s.

boF = 0.168 w
2 + 0.550 w + 3.509 [kN]

17mech = 0.0013 w3 - 0.141 w2 + 0.506 w+ 0.273 [-]

17vol = 0.010 w3 - 0.104 w2 + 0.381 w+ 0.489 [-]

In the force signal a vibration with a circle frequency of :::: 3.1 Hz is found during

upward stroke.

The natural frequency of pump rod and accelerated water mass is

A 2
m* - mwc + mp + 1/3 mpr +X;; x lrm'pw

I - length rising main [m]rm

Pw = density water [kg/m3]

11 -4
= 1.18x10-{) N/m2k 2.1x10 x2.02x10- 36

m* - 1200 kg

fo
1 1.18x106

= 5 Hz- '21r~ 1200
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In this case the computed and measured frequencies are not equal and the lumped

parameter model used is not correct. A more sofisticated model has to be used for

pumps without air chambers.
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5. CONCLUSIONS

- Using a pump without an air chamber or with a not working air chamber leads to

very high forces, see Annex 111-3.

- Comparison of the measurements of configuration 02 and 07 shows no differences

between the volumetrical and mechanical efficiency, see Annex III 1-2.

- If air chambers are used a lumped parameter model can be used to compute pump

rod forces.

- If no air chambers are used the lumped parameter model is not correct, a model

including waves in pump rod and water colom will probably fit better to the

measured results.
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.23632

.52445
L

1.88 3.88 5.88 7.88 9.88
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F (kHl
9.6e

1 ro1;a1;i on:" ~~~>.

3.l.94$
.~64.:

Pin (Wl:
68.281

Pou1;(Wl:
32.353

£",o1
.689

E....ch
.537

head ( ... 1
26.1

pu...p ( ......1
188.8

s1;rok. ( ...1:
.2

L

7.e6

3.66

1.66

7~:~l;~" iJ

~A't.
....-to..

-86.e -46.6 -.666 46.6 86.6

)( ( ...... 1

ro1;a1;ionspeed (rps>:
.... an£low (d ...3/s>

.166

.126 sa...ple £requency (Hz>: 264.855
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tilenaM@ --) P1888783._

.......~ ..... : ...... , .... O' . o' .... . "'0" .... ,. 0......../:-~~--..-~~D:.....
~ ....... -- -- .....:.- ~ .......... ......;.. ~ ,

\.1~1.,~~J •••.·

4.:..945
.. 11!1'06·

80.0

)( [1'11'1]

40.0-.000

i ro'ti!.'tion" U~_>

-40.0

'j;' ~)lg:$'
~7.>tJ4.

-88.8

1. 80

5.88

3.80

7.88

F [kHl
9.88

Evol
1.816

EMech
.885

Pin (Wl:
168.838

Pou't(Wl:
141. 598

h. ad (I'll
26.1

PUMp (I'll'll
188.8

s'trok. (I'll:
.2

L

ro'ta'tionspe.d (rps):
M._nflow (dM3/s)

.297

.553 saMPle frequency (Hz): 608.539
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file"aMe --> PI888781._

..

)( [M'" J

1 rot;.t;i on:.... ~-).
';1; 41"l. ~

3,iAi~

~ : :
. :~... ; ;: .. ,

~ ~~ ~ -

~-.--LD=~
I I I I I I I I I I I

-88.8 -48.8 -.888 48.8 88.8

1.88

5.88

3.88

'1.88

F [kNl
9.88

head [Ml
26.1

PUMP ["""J
188.8

s t;roke ltd:
.2

Euol
1.889

EM&ch
. 987

Pin [Wl:
261. 848

Pout;[Wl:
236.791

L

rot;at;ionspeed (rps):
Me.nflow (dM3/s)

.588

.925 saMPle frequency (Hz): 1824.273



Pin [Wl:
311.. 585

Pou1;[Wl:
271.. 369

Evol
.964

E....ch
.971

head [ ... l
26.1

pu...p [ ...... l
188.8

s1;roke [ ...l:
.2

L

F [kHl
9.88

7.88

5.88

3.88

J..88

-88.8

.. J.

J. rotat.ion'" ..... ~->' ,

.'

)( [ ...... l

. ~ .

ro1;a1;ionsp••d (rps>:
.... an£low (dM3/s>

.688
1.868 saMPle £r.quency (Hz>: J.229. J.27



filenaMe --) PI888782._

F [lcN]
9.88

Pin (W]:

385.543
Pou1:[W] :

328.929

Evol
1.818

EMech
.853

he.d [M]

26.1
PUMP [MM]

1.88.8
s1:rolce [M]:

.2
L

7.88

5.88

3.88

1. 88

1 ro1: 1:ion
-.:.~-)

. ~ .

.;.. .,. ;. . .. ".

~~~~'-v--'~-i-
I I I I I I I

-88.8 -48.8 -.886 48.8 88.8

)( [MM]

ro1:a1:ionspeed (rps):
Meanflow (dM3/s)

.694
1.285 saMple frequency (Hz): 1.421..932



di ..C@r@nc@s
n (rad/s) ;I,

• 63
1.87
3.1.4
3.77
4.36

.7
2.0
2.7
1.9
.3

F [kHl
9.00

7.00

5.00

3.00

··x·······.·.. ' .. -
: FMaK

')f .
Flliin

degree
: 2
co@ .... ici@nt.s

.1.68

.550
3.509

1..00

L

.100 2.10 3.50 4.90 6.30
I I I

7.70 9.10 10.5

oM@ga [rad/s 1
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ditt"r"nc"s
n (rad/s> X

d@gr@@
: 3
co@ttici@nt.s

.63
1.87
3 • .14
3.77
4.38

.0
• .1
.2
.2
• .1

Evol
.900

.700

.500

.300

• .100

.0.10
- . .104

.38.1

.489
L

.700 2 . .10 3.50 4.90 6.38 7.70
I I

9 • .10 .10.5

o",eg a [rad/s]
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filenaMe --) B:P10807T_

. 908

. 780

.580

.300

.188

• •..... .. ..
. ....

EM.ch ..
... ;EY~l

L

.708 2.10 3.58 4.98 6.30 7.78 9.10 18.5



, -

ditttprtp"ctps

"<rad/s) %

.63
1.87
3.14
3.77
4.36

.1

.4
1.2
1.3
.4

E.... ch
.988

.788

.588

.388

dtpgrtptp

: 3
co.ttici_"1;s

.813
-.141

.586

.273

.188

....

.788 2.18 3.58 4.98 6.38 7.78
I I

9. 18 18.5

o .... ga lrad/sJ
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ANNEX IV

ANALYSIS OF ERRORS IN MEASURED SIGNALS

Random errors

1. Measured quantities with absolute error

Head: H ± 0.05 [m]

Stroke: s ± 0.2 [rom]
Pump diameter: D ± 1 [mm]

Rotational speed: H ± 0.05 [m]

2. Signal relative errors

Error in force (F) signal

Error in flow (q) signal

Error in speed (v) signal

1%of full-scale output

2% of full-scale output

1% of full-scale output

3. Hardware relative error

DASH 16 interface 0.01%

The error in calculated quantities is a combination of errors from the measured

quantities, signals and hardware.

Two calculated quantities are E hand E l' In this case only the relative error hasmec vo
been taken into account. The absolute error can be calculated from the relative error

by multiplying the error with the actually calculated or measured quantity.



Relative error:

Error in E h:mec

E .
mech' p-:-

In

Absolute error:

2

~Emech *1 I
lEI Emechmech

Pout = pgH.q

First the error in the mean-force, -speed and -flow must be know. After that it is

possible to calculate the error in the input/output power.

The speed, flow and force have been sampled into the computer. Each sample has his

own error. One measurement exist of 2048 samples. Data in a file on disk is a mean of

m measurements. One sample from a measured signal, F (or v, q), is called Fij ·

The relative force error is:

~F ..ro= 0.01
.J1

i = number of measurements, 1 to m

j = sample number, 1 to 2048 per measurement
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The means of m measurements reduce the absolute error per sample with a factor ~ m:

m F ..
F: = * ---!.1

J i=l m

6F ..
~F: =--.-.U

J ~ m

t::..v ..
t::..Vj=~

t::..q ..
t::.. q. = ----.:.u

J ~m

The relative error:

t::..F. ~F ..

m=rmrh
J J1

~v. ~v ..

TTv-= TIDT%
J J1

~q. ~q ..

ro=~J J1

The result of this calculation is an average sample F:, v· or q. with a relative error
J J J

which is lower as the relative error of the rough signal.

The mean input power per sample is: P:- . =F:*--:.
In J J VJ

The total average input power over 2048 samples is:

2048 1
P:- = * 'm'i'T15' [F:*v.J =~.

In j=l .GUlf0 J J
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The relative error:

~E ~P. -
mech _ In +~H +0L_~F +~v +0L+~H

l Emechl-~ TJIT I ql - TFT TVT I ql TET

= o. 0 1 + O. 0 1 + O. 0 2 + 0 . 05 = 4 [0. 0 1J + 0 . 05
lIIl lIIl lIIl 11 lIil 11

Error in E 1:vo

- -
~= ~
nt>s [D/2] s.n.7r

~Evol _ 2~D + ~s + ~n +~
~-TDT 1ST TilT I ql

In the configurations as described in chapter [3] the relative errors are:

configuration 02/07

~E

E
mech = 0.01

-, mech I

~E
vol = 0.026
~
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