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DESIGN AND CALIBRATION OF A ROTAMETER SET FOR
MEASUREMENT OF GAS FLOWS

Menderes LEVENT!

ABSTRACT : This study discusses design and calibration of a rotameter set for
measurement of gas flows. In this study, various gases (such as hydrogen, carbon dioxide,
methane, nitrogen and argon) are used for calibration of the rotameter set. Each rotameter
was calibrated with one or two gases and resulting gas flowrates through the rotameters
(Rl R2 and R3) compared with each other according to their molecular weight.

The gases supplied from high pressure gas botiles and passed to each rotameters. Outlet of
the rotameters are connected to needle valves (see Figure 1). With the needle valves, outlet
gas flows of each rotameter were adjusted before passing to a bubble flowmeter . Each
time. gas flows through the bubble flowmeter were monitored and residence time was
recorded by using a stop watch.
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GAZ AKISLARININ OLCUMU ICIN BIR ROTAMETRE
SETININ DiZAYNI VE KALIBRASYONU

OZET : Bu ¢alismada, gaz akiglarimn élgiimii igin bir rotametre setinin dizayni ve
kalibrasyonunu yapilmistir. Bu ¢alismada, farkly gazlar (Grnegin, hidrojen, karbon dioksi,
metan, azol ve argon), rotametre setinin kalibrasyonu igin kullamldy. Her bir rotametre bir
yada iki gazla kalibre edildi ve rotametrelerden (R1, R2 ve R3) gegen gaz akiglar: molekiil
agwrliklarina gire birbirleriyle karsilastirilde. :

Gazlar yiiksek basingli gaz silindirlerinden saglandi ve herbir rotametreden gegirildi.
Rotametre ¢ikiglart igne vanalarina birlegtirildi (sekil 1'e bakimz). Igne{agma/kapama)
vanalarwyle, her bir rotametrenin ¢ikig gaz debileri, bir kabarcikli akismetreye ge¢meden
énce ayarlandi Her defasinda, kabarcikl akismetreden gegen gaz akislari gozlendi ve
gazlarin kabarciklt akismetreden gegis siireleri bir kronometre yardimiyla kaydedildi.

ANAHTAR KELIMELER : Rotumetre, kabarciklt akismetre, rotametrelerin dizayni
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I. INTRODUCTION

The main purpose of this study is to design and calibrate of an experimental flow system for
measurement of feed gases of an analysis system, a reactor system and a diffusion cell.

A rotameter consists essentially of a solid float or plumb-bob shaped rotor which is free to
move vertically in a transparent tapered tube. The fluid to be metered enters at the bottom,
narrow end of the tube and moves upward, passing to some point through the annulus
formed berween the float and inside wall of the tube. As the flow increases the float rises,
thereby providing a greater cross-sectional area of the annulus.

In order to keep the float centered in the fluid and sensitive to flow changes, small diagonal
slots are usually provided under its head, which cause the float to rotate slowly. At any
particular rate of flow the float assumes a definite position in the tube, its location being
indicated by means of a graduated scale etched on the tube[1].

Since the tube is tapered, the annular cross-sectional area for flow is variable. Increasing
flow rates do not, therefore, increase the pressure drop across the float but cause the float to
take higher positions in the tube. The fluid flows vertically upward through the tapered
rotameter tube, and the float comes to equilibrium at a point where the annular flow area is
such that the velocity increase has produced the necessary pressure difference.

The pressure difference, P, - P;, is found by making a force balance on the stationary float.
The downward force caused by gravity is balanced by the upward buoyant force plus the
force exerted by the pressure difference across the float caused by the velocity increase in
the annular constriction.

Thus we write,
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Bernoulli’s equation for the orifice meter is adapted to the rotameter by defining a
coetficient Cp by
2 P "Pa a0
Uh -, CD _gE..,('—) 3)
p
U, is the velocity in the annular constriction. The substitution of Eq.(2) into Eq.(3) gives;
2g Vi lps -
: (P =p) @)

U, =G A .p
i

If the area of the annulus between the float and tube is A; and the cross-sectional area of the

tube is A, then equation (4) gives the mass flow G for a rotameter, hence[1,2,6,7,8];

[2gV, (P ~Pu)

G = U A - (3
N [ <[] }
A
The Reynolds number is defined as;
D-D;)U
R. — ( F) br prcu (6)
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If the rotameter is already calibrated for one gas, say at 760 mmHg and we wish to change

the gas at a different pressure, then[3,4,5];

[2 g VF (P, = prcf) Prer (7)
Ay {1 & {—i—z}- }

If the calibration is expressed as volume flow, Q = G / p, the division of Equation (5) by

G, = Cp A,

el

equation (7) gives:

: e
G p :
el only if p {p (8)
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For calibration. we wish to use a bubble flowmeter at temperature T, and gas pressure

P, =P - Py,.o- where P, , is the pressure of water vapour in the laboratory. As the
1 1

ambient

mass flow G = Q p, where p is measured at Pyypbie, Tambien> then;
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The gas densities are proportional o the molecular weights, gas pressure and inversely

proporitonal to the gas temperature. Therefore. Equation (9) can be written as follows{9}:

= T . & {
Q =Q., \\ G o (1
bubiy bl

Calibration of Rotameters
fhe low of gas through the rotameter is.
! h, ~hy, . ) fhy=hy o _
Fpppy X ! and  Q gEMD T Qamw K| = (1h
| hn | ; n, i

We can plot Qe of Rotameter against Qpeyp of the bubble flowmeter. The Aow through
the calibrated rotameter for a gas scale reading and temperature correction for the sanie gas

may be caleulated from the following equation [9];

Ay
{123}
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Il. TEST SET

An experimental svstem was designed as Figure 1. Various gas flows from high pressure
bottles {A) fed to a rotameter set (B). The flows of individual gases through each rotameter
are regulated by means of needle valves (C). Then. flow of cach gas at different
experiments s passed to a bubble flowmeter (D) which having a soap reservior (1) and

mounted on a support (F).
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Figure 1. Schematic diagram of rotameter set,

The measurement of the wet gas flows were taken from the bubble flowmeter against each
scale reading of the rotameters. The gas flow was gradually increased through each
rotameter and corresponding wet gas flows were taken from the bubble meter. The wet gas
flows, Qpemw Wwhere then converted to dry gas flows, which is Qgpvp. Then for each

rotameter. the rotameter readings were drawn against Qgemp values (see Figures 2 to 9).

I1I. DISCUSSION OF RESULTS

This study is a typical practical study for applied chemistry , chemical engineering and other
engineering areas. The designed experimental system can be used for measurements of feed
gas flows of any reacting system without doing any further calibration studies for some
particular reactions. By using this type of experimental systems, various gas flows can be
regulated and measured efficiently before doing any diffusion, reaction and gas analysis

studies.
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Figure 2. Calibration curve of the rotameter R3 for measurement of hydrogen flow.

According to Figure 2. the rotameter readings and dry gas (Qapmo) flowrates having a linear
relation. The rotameter R3, having a scale range of 10 tol50, and corresponding flow range
of hydrogen at the bubble flowmeter is 42-545 cc/min. The measurement of very small gas
flows was altered because the rotameter is suitable only for a certain range of gas flows.
The calibration conditions of the rotameter for hydrogen were 746 mmHg abs. 20 °C
(see Figure 2).

As shown on Figure 3, the rotameter readings and dry gas(Qgsmp) flowrates having an
approximate linear relation as graph Rcus. The calibration curve of the rotameter for
methane shows a slight variation from linearity. From this curve, the gas flowrates of
methane will be read against the rotameter scale readings. The measurement range of gas
flows is 29 cc/min upto 364 cc/min and corresponding rotameter scale reading will be 10 to

150.The calibration conditions of rotameter R2 for methane were 746 mmHg.abs.and 20 °C.
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Figure 3. Calibration curve of the rotameter R2 for measurement of methane flow.

Figure 4 shows calibration curve of nitrogen for the rotameter R1. As seen on graph Rya.
the actual flowrate of nitrogen through the rotameter R1 is not greather than 200 cc/min for
maximum rotameter scale reading of 200. On Figure 4, there is a linear relation between
rotameter reading and actual flowrate of nitrogen. The molecular weight of nitrogen is
heavier than the molecular weight of hydrogen and methane, so the flowrates of nitrogen
through the rotameters will be less than both flowrates of hydfogen and methane.

Figure 5 shows rotameter readings against the carbon dioxide flowrates through the
rotameter R3. The rotameter reading and the flowrate of CO, having an approximate linear
relation this means that resulted calibration curve slightly differs from linearity as seen on
graph Reoa. From this curve, the flowrates of CO; through the same rotameter can be

determined for the various experimental conditions of feature experimental studies.
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Figure 4. Calibration curve of the rotameter R1 for measurement of nitrogen flow.

On Figure 6 the calibration curve of argon gas was presented for the rotameter R1 as a
function of flowrate. For a rotameter scale range of 0 to 160, a flowrate of 0 upto 200
cc/min of argon was passed through the rotameter R1.

The flowrates of nitrogen and argon through the rotameter R1 are presented on Figure 7. As
seen on graphs Rinz) and Rla; , the flowrates of nitrogen through rotameter R1 is higher
than the flowrates of argon because the molecular weight of nitrogen is less than argon. The
calibration conditions of the rotameter R1 for nitrogen and argon gases in this experiment
are 746 mmHg and 20 °C.

Flowrates of carbon dioxide, methane and hydrogen through the rotameters R2 and R3 are
represented on Figure 8. The flowrates of hydrogen is higher than the flowrates of methane

and carbon dioxide for same rotameter scale readings. The calibration conditions for this

experiment were 746 mmHg and 20 °C.
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Figure 5. Calibration curve of the rotameter R3 for measurement of carbon dioxide
flow.
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Figure 6. Calibration curve of the rotameter R1 for measurement of argon flow.
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Figure 7. Calibration curves of the rotameters R1, R3 for measurement of nitrogen
and argon flows.

Flowrates of hydrogen, methane, nitrogen, carbon dioxide and argon are represented against
the rotameter readings of R1, R2 and R3 on F igure 9. As seen on graph, the flowrates of
hydrogen through the rotameters are higher than flowrates of other four gases, because
hydrogen is lighter than other gases. Flowrates of carbon dioxide and argon through the
rotameters are less than flowrates of hydrogen, methane and nitrogen. The calibration
conditions for this experiment were 756 mmHg and 20 °C.

The calibration curves of each gas will be quite useful for any experimental studies of gas
analysis of a reacting system and a diffusion system with same gases and rotameter set in
feature. In case of different experimental conditions with same rotameter set, there is no

need to use the bubble flowmeter for measurements of each gas flow at the exit of each
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rotameter since gas flow rates will be found by aid of those calibration curves and

rotameters scale readings.

V. CONCLUSIONS

S far.an this study. a rotameter set was designed and calibrated for measurements of gas
flows. Gases supplied from high pressure bottles and passed through each rotameter at
various times. During experimental study. each gas flowrates through the rotameters are
read via a bubble flowmeter against rotameter scale reading. Then. from recorded wet gas
flowrates. the actual drv gas flowrates are calculated. Finally, obtained actual zas flowrates
are graphically represented as Figures 2 1o 9.

NOMENCLATURE

Vy volume of float (m™)

P density of float (kg/m®)

A maximum cross-sectional area of float (m°)
As area of the annulus between the float and wbe (1)
(i mass flow for a rotameter ( kg/m.s)

Cp drag coefficient

D diameter of tube at level of float (m)

Dy maximum diameter of float (m)

7N density of gas at rotameter (kg/m’}

A cross-sectional area of the tube (mj}

Piel density of reterence gas (kg:’m")

Prio pressure of water vapour in laboratory
Uamhiens ambient lemperatare (°C)

Pror reference pressure (bar)
Prutn cas pressure at the bubble meter {bar)
My molecular weight of gases at the reference conditions (kg/kg.mol}

Mewse molecular weight of gases at the bubble flowmeter conditions (kg/kg-mol}
foph gas temperature at the bubble flowmeter conditions (°C)

Fodi gas lemperature at the reference conditions ("C)

P pressure of the gas in the rotameter {bar) .

Qgevw  volumetric flow of gas in the bubble flowmeter (m/s) )
Quinip - corrected bubble flowmeter reading for corresponding water vapour (m’/s)
hp, barometric pressure (bar)

Bisi gauge pressure of the rotameter (bar)

hyizo water vapour pressure at laboratory temperature (bar)

Queate  scale reading of gases in rotameter _

Quawn actual volumetric flow of gases through the rotameters (m°/s)
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