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Design and Testing of a Resistance Linear Damping

Device to Suppress Fluctuations in

Abstract. This paper discusses the de-
sign and test results of a device placed in
the gage line of a venturi meter to quiet
the oscillations of the mercury gage., The
design of the damper is based upon the
existence of laminar flow in a small tube
and upon the properties of a liquid flowing
laminarly. The device was tested by taking
a series of photographs in rapid succession
of the mercury column of the gage both
without and with damping. The tests show
that the column height fluctuations are sub-
stantially reduced, and that the average
mercury column height after damping is
less than one percent different from the
average height before damping.

LOW measurements in the Hydrau-

lic Laboratory are made primarily
with Venturi tubes with mercury dif-
ferential pot gages. It has been the
accepted procedure in the past to use
the. average of several mercury gage
readings for discharge determinations.
Under certain conditions fiuctuations of
the mercury column height were so
severe that such manual reading was
lengthy and difficult. It was felt that
for these conditions a device which
would damp the oscillations to the
average value could be used to ad-
vantage.

There are three general types of
damping: volume, inertia, and resist-
ance. Volume damping occurs when
the gage is so constructed 4hat a
large change of volume is necessary
to indicate a small change in pressure.
Thus, a pressure surge disappears be-
fore the gage can fully respond. Such
damping is found in wells for hook or
float gages.

Inertia damping ocecurs when the
gage embodies a large mass which
must be moved to indicate a change
in pressure. Thus, the inertia of the
mass resists motion for rapid, short
pulses. Although .inertia damping is
present to some extent in mercury
gages, it is not always sufficient to
quiet the level of the gage.

Resistance damping occurs when a
constriction is present in the gage
line. Thus, the flow is limited so that
the gage is unable to respond to rapid,
short pulsations of pressure. It was
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felt that resistance damping offered
the simplest method of damping the
mercury column fluetuations.

Classification of Resistance Damping

Resistance type damping can be clas-
sified in two categories: nonlinear and
linear. Nonlinear damping is that in
which the aection is not proportional
to the velocity; linear damping is that
in which the action is proportional to
the velocity. Linear damping occurs
only when the flow through the damp-
ing device is laminar.

An example of nonlinear damping
is that which results from a small
orifice in the instrument line. As the
head loss is a function of the square
of the rate of flow, the damping is
nonlinear.

An example of linear damping oc-
curs when a capillary tube is in the

instrument line, where the flow in the

cepillary tube is laminar. Such damp-
ing is linear because the head loss is
a linear function of the velocity.

It has been shown that if a non-
symmetrical pulsation is applied to a
gaging system, the average reading is
different for nonlinear than for linear
damping**. For nonlinear damping the
average reading resulting is quite dif-
ferent from the arithmetic average.
For linear damping the average read-
ing resulting should be the same as
the arithmetic average of the undamp-
ed gage readings.

The system for which the damper
was designed was considered as an
open end mercury pot gage. Then the
damping device was considered to be in
the gage line to limit the flow to the
gage. The device was expected to damp
pressure fluctuations of 5 feet of water
with an average pressure of 25 feet
of water.

Capillary Tube for Linear Damping
To accomplish linear damping, a
capillary tube was chosen because of
the simplicity of construction and de-
sign. A length of small diameter brass

**Addisdn, H., Rydraulic Measurements,
John Wiley and Sons, New York, page 64.

Venturi Gages

CAPILLARY DAMPER
e

Fig. 1, Capillary tube arrangement
for linear damping,

tubing was coiled with the ends at-
tached to the opposite sides of the leaf
in a small gate valve. This is shown
in Fig. 1.

Such an arrangement made it pos-
sible, by opening the valve, to quickly
bleed the major part of the system and
to allow the level of the mercury col-
umn to attain its approximate steady
level. Then when the valve was closed,
the damping was in effect. It was
found to be good practice to also bleed
the system with the valve closed to
bleed and flush the damper tube.

Two conditions govern the length of
the tube. First, it must be long enough
te insure laminar flow; and, second, it
must be long enough to give adequate
damping.

For linear damping to occur, laminar
flow must be present in the tube. For
water it can be shown that the length
of the tube, L, is given by

L = 3812 D [(16.1) (10)‘D*h-1]
where D is the diameter of the capil-
lary tube, and A is the magnitude of
the pressure fluctuations.

For the pulsations to be reduced to .

a fraction (1 — ) of the original, it
can be shown for water that the length
of the tubing is given by
x
L = 312D
1l — 2
For both conditions to be met, the

P

)
a‘




i
i

T
) e

i Wiy

"L

‘ N
i (IR
n
1 /\ n \\ ’[ VA }\A/A\ J \l ﬁ}r\\ / ﬂ // '\VA\- \/ VA.'\
20 \/ N A (\ \J N { \/ '\ \
SENENAERLIEE AR I V
o5
30 N
9z V
>
£
S
ox
xo
x3
30 60 90 120 150 180 210 240 270
TIME IN SECONDS
UNDAMPED MERCURY GAGE HEIGHT VS, TIME
Fig. 2. Plot of fluctuations with undamped mercury gage.
7
. R \ —

| i Bt S P D B VN P O (P2 NG UV B2t B N Ve i
z9 -
sWw
35
oz
h
»Z 3
o
ok
oI
o
2
=t

'

1080 110 140 1170 1200 1230 1260 298¢ 1320 1350

TIME IN SECONDS

ODAMPED MERCURY GAGE HEIGHT VS. TIME

Fig. 3. Plot of fluctuations with damped mercury gage.

largest of the above two values must
be taken as the length of the tube.

Models Constructed

Preliminary tests were made with a
pilot model using 1/32-inch inside di-
ameter brass tubing with a pot gage
where the mercury column was 3/16-
inch in diameter. Some 200 readings

were made with very frequent checks; .

in every case the damped gage gave
the average of 10 readings from the
undamped gage to within the accuracy
of the readings.

Later the final model was made and

installed. The form of the damper was
a brass tube 68.9 inches long with
1/16-inch inside diameter. The mer-
cury column is 1.-inch in diameter. For
this size tubing and with the original
boundary conditions, the length to in-
sure laminar flow was found to be
40.6 inches. For x = 0.97, L was found
tc be 64 inches.

To test the results of the final
damper, flow conditions were set up
in the laboratory so that the worst
cscillation of the mereury level occur-

Table I—AVERAGE GAGE HEiGHTS FROM VARIOUS TECHNIQUES

Data Average % Error
Average of all undamped gage .
data (true value) - 26.25 inches
Average of all damped gage 26.08 inches 0.65
Random data at t = 193 to 301 .
seconds on undamped gage 26.14 inches 0.42
curve .
Random data at ¢t = 202 to 310 s
seconds on undamped gage 26.18 inches 0.27
curve
Da’gca taken every 10 secongs
starting at ¢ — 190 seconds .
on undamped gage curve 26.10 inches 0.57

red. This was done so that the opera-
tion of the damping device could be
easily seen. With conditions prevailing
as described, a series of photographs
were made of the mercury column and
a stop watch. The time interval be-
tween exposures was about 0.2 to 0.3
seconds.

Two sets of tests were mads. One
with the damping device not acting
and another with the damping device
acting. The data taken from these
photographs is shown plotted in Fig.
2 and 3. Fig. 4 shows a typical set of
exposures. As seen from the Figs. 2
and 3, the damping device acted to
materially reduce the fluctuations of
the mercury column.

Cbtaining Test Results

The average of the data for each
test was found by a planimeter. The
average with no damping is 26.25
inches of mercury. The average with
damping is 26.08 inches of mercury.
Thus, the damper gives a valve which
is within 0.65 per cent of the actual
average. : ;

It should be pointed out that the
conditions as set for the fest are much
more severe than is usually encount-
ered. Also, the fluctuations of the mer-
cury column may not represent fluctua-
tions in the rate of flow.

In general two methods are used to
read the mercury gages, one to take
ten readings at a comfortable rate, and
two to take readings at a specific in-
terval. Both systems were applied to
the data for the undamped gage. Re-
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Fig. 5. Method of finding length of damping tube to insure laminar flow.

corded wag the time interval between
successive readings of a Venturi gage
which were made by a man who was
unaware of the observation. This series
of time intervals was applied to the
data and the corresponding points were
averaged. Second, the points corres-
ponding to taking data every 10 sec-
onds were averaged. A summary of the
results is shown in Table L.

Discussion of Test Results

As can be seen from the results, the
resistance linear damping deviee re-
duces the fluctuations to a small value
and to an average which is very close
to the true average. Although the man-
val readings give very good results,
there is some question as to whether
ot not unbiased readings can be taken
or whether the operator is erroneously
influenced by the history of the fluctua-
tions. The damper not only removes
this question but also makes the read-
ings much easier to take.

The linear damping device, although
introduced to aid in. the taking. of
measurements from the gage, must be
used with care as it represents-an ad-
ditional source of error. Errors can be
easily introduced if the damper is
plugged completely. Errors can also be
introduced if one end of the damper is
rlugged in such a manner that appre-
ciable orifice losses oceur, this would
cause nonlinear damping.

Also, if one end of the tube is plug-
ged in such a manner as to cause the
discharge coefficient to be different for
flow in opposite directions. The latter
condition will cause a climbing of the
gage in the direction aided by flow in
the direction with the smaller discharge
coefficient. Even though leaks in the
measuring system are always viewed
with considerable suspicion; the use of
a linear damper amplifies the adverse
effects of leaks when they occur be-
tween the damper and the gage.

Fig. 4. Typical set of photographic ex-
posures used to obtain mercury column
readings.

APPENDIX
List of Symbols TTsed
— Diameter of the damping tube

Change of head on the damper
— Length of the damping tube
An attenuation factor

M
|

fl

h; = Head loss due to friction losses
= Velocity head

— Velocity of fluid in the damper
Acceleration due to gravity

Friction factor of the damping
tube

Ni: = Reynolds number

N S
|

Il

» — Kinematic viscosity

Finding the length of a damping
tube to insure laminar flow for the
capillary tube (see Fig. 5):

L V2 "]2
h=h + kR =f—— + —
D 2 2,
& L
h=— 4 )
24 D .
for the flow to be laminar
Ny <2000
taking Nz = 2000
DV
AS NR = —-_—
v
v .
D— = 2000
v
v
or V = 2000—
D
for laminar-ﬂqw
64
f=—=
. N“E
then,
Jetting Nz = 2000 for laminar flow
( 2000» Y 1 64 L
= — 4+ —
24 2000 D

solving for L



2000 D

64 ( (4) (10) »*
for water letting v = 107

— 31.2 D [(16.1) L (10)*Dh — 11

For the pulsations to be reduced, A.

must be small so that the gage cannot
respond quickly.

2,D%h

L = — 1)

let h; = &, an attenuation factor

then
L= v
x = f— ——
D 2
L v
f___
24 2,
or
L
f. D
T+ D)
D

solving for L
D x
— (
f 1—x
for laminar flow
64
f=—
Nz
and N = 2000
Then

L =

)

2000 D %
(

64 1—x
or

x
L = 312D (——)
1—‘95

Caleulations:

for D = 1/16 inch
h = b feet water

11
L = (2000) (— —)
16 12

12

1
[(16.1) (10)* (— — 5 — 11
. 16 12

10.4
L = [21.8 — 11
L = 3.38 ft.
for z = 0.95
1
L = (594) (—) = 37.1 inches
16
for x = 0.96
1 0.96
L = (—) (31.2) (——) = 46.8 inches
16 0.04 ,
for x = 0.97
1 0.97
L = (—) (81..2) (——) = 64 inches
16 0.03
for x = 0.98

1 0.98
L = (—) (81.2) (——) = 95.5 inches
16 0.02

x = 0.9721, L = 68 inches
— 0.9724, L = 68.9 inches
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DRSIGN AND TESTIND OF A RESISTAMCE LINEAR DAMPING
DEVICE TO SUPPRESS FPLUCTUATIONS IN VENTURI GAGES

mmmmwmmmm
primerily with vemturi tubes with mercury differenstial pot gages. It
MWWmaWMuhmmtm@mawafuwm
mercury gage realings to be used for discharpe determinations. Under
certain conditions the flustuations of the mercury column height was 5o
severe that such mamual reading was lengthy and difficuit. It was felt
mt:wtmm&m‘momnmmmmmmm
mmmmambomwmw.

There are thres genersl types of dsmping: volume, inertis,
and resistance. Volume damping ocours when the gege is so constructed
Ma%%cfﬂmhmmmmamwm
in pressure. m,tmwuwmmmmem
fully respond. Amkwmiﬁtmﬁmmrermakwﬂm”s;
Inertis dmping ocours when the gage wbodies a large mass which must
be moved to indicate a change in pressure. Thus, the inertis of the
mass resists motion for rapid, short pulees. Although inertis damping
is present to seme exbent in mercury gages, it is not always sufficient
to quist the level of the gage. Resistance dawping ocours when a
censtyriction is present in the gage line. m,msmnmm
m,mmmngnmnmww,ammmmor
Pressure. It was felt that resistance damping offered the simplest
' methed of damping the mercury column flustusticns.



Resistance Sype damping oan be classified in two categeriss:
nonlinesr asd limesr. Nomlinear demping is thet is whieh the astien
'ummaatmmmmmuwmmm
mmwmmmnm

amamwummmm
& mall orifice in the instrusest lise. As the head less is & fonctien
" of the squave of the rate of flow, the damplng is neslinesr.

7 in exsupls of linear damping ecours whem & capiliary tube is
ummm;mmmuwmmum
.;MW&MHWMM“:MMM&#%

/It has Sess shewn thet Af & oenepmmetvical pulsstion is applie
to & gaging systen, the sverags Tesding is different for nenlineer than
for Linser deaping }/. For nsslinesr deaping the aversge reading reeult
ummmmmwm mumumgw
mmmmmau%nmummam«
the undamped gage readings. |
to be n the gage lins te 1imit the flow to the gags. The device was




_sxpested te duwp pressure flustustiens of 5 fest of water with an sverag
pressure of 25 fewk of waier. |
bevanse of the alsplivity of senstyection snd design. 4 lenghh of
sppouiie sides of the 1eaf in 4 small gate valve. This is shown iz Fign
duch ar arvengssest meds it powsible, by cpening the walwe, to quiskiy
the valve was closed the dmmping was in offect. It ws found to be
Two conditions govern the lenghh of the tube, FPirst, it
must De leng snough to insure laminer Clow; and, sesond, it nuat be
Por Linesr deping to ccour, laminsr flow mist be presant
in the tubs, Fer water it can be shown Shal the length of the tubdse, i,
is given by

L = 1.2 3046.1)(30)epin-1/
viiere b is the diawster of the capillary tube, and b is the magnitude
of the pressure flvetuations.



For the pulsstiens to be redused te & frestion (L - x) of
the eviginel, 1t can be shewn Zur water thab She lengbh of the
tsbing is given by
For both conditions to be meb, the Jargest of the sbeve tw values
umust be talum a9 She lenghh of the Sube.

mmmmmmnﬁmmmx
3/30-tnh duside dlsnster brass tobing WIth & pot gage vheve She
mte With very froquent cheoks; dn every case the daped Eage Eave
the averags of 10 veadings fvem the walmped gags to within the
ssovenay of the resdin

Later the fizal medel was nade snd Snsballed. The ferm of
the denper vas & bress tube 8.9 Snches long with an inside dismeber
lenghh to inwure loninar Ciew wns found to be 0.6 imshes, Yor
%= 0,97, 1 vas fouad S0 be G4 imshow. | o

| To test the veslts of the finsl deper, flow senditises

wore set wp in the Aaberstory 96 thet the weret osailisties
irouny Level oosurred. This was deme 5o Shab the sparetion of the
daupdng devios sonld be m tesn. With saméibicns - prwvailing as
desavibad, & serdes of ph

wd & s5op wabeh. mmmmmmmmu
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Uu3 sesonds, mmummm. Mﬁ%mm

mmmmmmm%mm e

data teken from thess ummumam

M&m‘wm#m As seen from the
mama, \Wm«muwmm
Q«\imwmmmmmwumtmwu
plentuster, The sversge with no demping is 26.25 inehes of mereury.
-mmummsammmum, Thus, the
danper gives & valve wiieh 15 within 0.6l pereent of the astual
SVETOEN

It should be potnted out that the cenditions as set for

: mmm«m

'“"“"'”‘\ RMWMMWWMMMWW.
mummmﬁ;mm.mmum
readings st & apeoifis interval. Beth systeass were applied to the
suscesaive readinge of a vesturi gage which were mads by a nsn whe
was unewsre of the shuervatiom. mmwtmmm
Sessed, the pelnte cerrespenting to taking data every 10 secends
wors sveraged.



xmﬂmm&khm&%h

AVERAGE W HEIOHTS

‘“m‘m'twﬁ:&' e

mﬂmmm 26.08 inches @r&?

Renden daba @t § = 13 bo 2614 tnches ey
361 sesonds on undamped ;
gAge varve

WM%%*W“ 2.8 inches Q07
mmﬁm

Gake Sokes avery 10 sesends 26,10 tashes | OMS7

stavting st § = 190 secomis | ‘
. on vhdanped gage ourve

\

5 ean e seen frem the results, the resistence linear
dusping device refinoes Ahe flnstwstions %0 2 sesll value and to &
average Vidsh 15 vavy elcee 4o the tous aversge, Although ihe masmal
resdings give wry good Yesuits, there in seme guesticn as te
"~ wieshBer or aet wnblased resdings san be taken or Whether the spereier
is errenssusly iafivensed by the MAsbery of the Dustustions, The
‘much osnier to take. -

The linewr damping deviow, although istvodused to aid tn

3he taking of messurenunbs from the Gage, Wast be used with vare
as it represeuts sn sdditional seuvee of errvor, LSreers can be easily




WMWW#WW{ Brrers can alse

duspings Alew, 47 ons wnd of the tube is plugped in sush & masmer
o5 %0 camse the discherge eeelfisiet to be different for flow

in opposite divestions. The latter cendition wAll cawse & clismbing
o Abw gage in the divestion atded by flew in the divestion with

the ssaller discharge sosfficiend, Sven though leaks in the

the use of & linewr deper mplifies the sdverss offwis of lesks

Ll

B = Dianeter of the danping tube

b= Chongs of besd on She deper

L » lenghh of the dunping tebe

X = &n sttemistien faster

By = Nuad 1oas dus bo frichion losses
V = Valoadiy of flnid in the dunper

§ » Aseslersiion dus S grevity

£ = Fristimn faoter of the damping tube
O = Einmmsbie viscosity



Finting the lengsh of a dasping tube to insure lsminer flow.
kl*‘t""t‘%g’g
ktg(x**)
for the flow to be laminer
- By < 2000

o

L= 3.2 a036.2)500 %% - 37



For the pulsstisns So be redused, Dy sust be omuall so that the

L= SaA)

Salasdakieng
R 5 fost waber

Le (__g_gu%;(ﬁ hllsa)aorted Qf 5 -3/
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-l s -7
w306 %

xw 0.9
Lw (590)(h) = 371 snohes

X = 0,96

1w L)@l « 468 tastes

xw 0,97
Lw %}M

x= 0.9
L= (@D

e 0978, k> 68 lnohes
&= 0,978, L » 6.9 inches.
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