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14.1 Thermal mass flow measurement

14.2 Conversion of mass flow to norm volume flow

In the thermal mass flow measuring instruments (sensor design of testo
6440 cf chap. 2.13), two basic methods of the constant current and
constant temperature principle can be differentiated. In the constant
current principle, the heating element is heated with a constant electrical
current and the change in resistance used as a gauge for the flow velocity.
In the constant temperature principle also used in the testo 6440, the heat
quantity given off by the heated element is compensated by a
corresponding adjustment of the electrical current. The regulating current
for the maintenance of the constant over-temperature of the sensor (7 K
above the process temperature) is proportional to the mass flow and is
thus a gauge for the through-flow quantity. As a constant temperature of
the measurement gas cannot be assumed, a second sensor serves to
measure the temperature of the gas. This temperature probe has, for
example, 100 times the resistance of the heating element. The two
sensors are switched in a Wheatstone bridge, creating a low and a high-
Ohm part in the bridge. Because of this, the supply current flows mainly
through the heating element. The regulator again ensures that a constant
temperature difference is maintained between the heating element and the
measurement gas, even at changing temperatures. 

For the compressed air user, norm volume flow is the most important
compressed air parameter. This relates not to the momentary ambient
conditions, but to fixed conditions which according to DIN ISO 2533 are
15 °C, 1013 hPa und 0 %RH. The compressed air counter 0699 6445,
however, refers to 20 °C, 1013 hPa and 0 %RH (norm density = 1.204
kg/Nm3).The testo 6440 divides the mass flow value by the norm density
for compressed air, which according to DIN ISO 2533 is generally 1.225
kg/Nm3. The result is the pressure- and temperature-independent norm
volume flow value cf. illustration). For comparisons with measurement
values with other measurement systems, you must ensure that all values
relate to the same norm conditions, otherwise a conversion is necessary
(cf. chap. 2.14.3).
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14.3 Conversion to other norms

As shown in chapter 2.14.2, the calculations of the testo 6440 are based
on norm DIN ISO 2533. The conversion of the volume flow calculated
according to this norm to volume flows based on other norms takes place
according to the following pattern:

The basis parameter for the calculation of volume flow is the mass flow,
which is dependent on the thermodynamic condition of the gas. The
existing volume flow is created by the division of the mass flow by the
norm volume density. Correspondingly, the conversion between volume
flows is made with the opposite density ratio.

For the conversion to other norms, the following equation results, the gas
equation according to Gay-Lussac being used as a basis (         = const.):

: Norm volume flow according to DIN ISO 2533
: Volume flow according to another norm

pN: Norm pressure according to DIN ISO 2533
pA: Norm pressure according to another norm
TN: Norm temperature according to DIN ISO 2533 in [K]
TA: Norm temperature according to another norm [K]

Example:
Conversion of norm volume flow  (27.156  l according to DIN ISO 2533)
to norm volume flow acc. to DIN 1343:     min

Example: 
Conversion of norm volume flow  (27.156  l according to DIN ISO 2533
to volume flow at the working point)          min

DIN ISO 2533
15 °C / 1013 hPA / 0 %RH

DIN 1343
0 °C / 1013 hPA / 0 %RH

DIN ISO 2533
15 °C / 1013 hPA / 0 %RH

Working point
20 °C / 9000 hPA / 3 %RH

14.4 Conversion to a working point

The conversion of a working point diverging from DIN ISO 2533
corresponds to the conversion of a measurement value to other norms
(see 2.14.3). The same correction equation is used as a basis: 

: Norm volume flow according to DIN ISO 2533
: Volume flow at the working point

pN: Norm pressure according to DIN ISO 2533
pP: Norm pressure at the working point
TN: Norm temperature according to DIN ISO 2533 in [K]
TP: Temperature at the working point [K]

14.5 Conversion for other gases

The testo 6441 ...6447 is designed for volume flow measurement
according to the calorimetric principle in compressed air. The testo 6440
divides the mass flow value by the norm density of compressed air (as
shown in chapter B 15.2), which is generally 1.225 kg/Nm3. The testo
6440, however, can also be used for nitrogen, carbon dioxide and argon.
For this a correction calculation from compressed air must be carried out,
noting that these values are valid for a 100% concentration of the
respective gas:

N2 1.015
CO2 0.89
Ar    1.46Für

These values are valid for 25°C; good accuracies have been proven for
volume flows in the vicinity of 30 Nm3/h.

The required correction calculation, which can, for example, be stored in
the PLC (control), is:

Meas. gas: Volume flow of measurement gas

Display value: Displayed volume flow (display or analog output)
of the testo 6440 in relation to compressed air

K Meas. gas: Correction factor of the corresponding gas  

Example:
Measurement gas N2 , displayed volume flow 30 Nm3/h

N2 =     Display value � K Meas. gas= 30 Nm3/h � 1.015 = 30.45 Nm3/h

Humidity (in compressed air typically below 10%) can be neglected.

B 14 Physical principles
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For the display of volume flow in testo 6440, you can select between the
units Nm3/h and Nl/min. A conversion to other units (in an external display
testo 54 or the PLC) must be carried out according to the folowing
volume flow parameter/flow velocity parameter matrix: (read 1 → 2).

14.6 Conversion of volume flow parameters

14.7 Pressure- and temperature-dependency in mass flow measurements

Since volume flow measurement in gases depends on the density and
therefore also on the pressure and temperature, mass flow measurement
is preferred in testo 6440, as the mass flow is constant in a closed
system.

The illustration below demonstrates the dependency of the the volume on
pressure and again makes clear the advantage of the calculation of mass
flow as opposed to volume flow measurement in fluctuating pressure
conditions.

Through the compensation of the temperature difference between the
heating element and the measurement gas, as well as a suitable
temperature coefficient matrix, an influence of the temperature on the
measurement result is avoided. The measurement value is thus optimally
usable in the entire process temperature range.

V = 10 m3
rho = 1,4 kg/m3

m = 14 kg

Mass flow measurement14 kg / h 14 kg / h

P = 1 bar

V = 2 m3
rho = 7 kg/m3

m = 14 kg

P = 5 bar

Volume flow measurement10 m3 /h  2 m3 / h

m

V

Only mass flow measurement provides correct values, as long as it is pressurized

Litres per Litres per Litres per Cubic metres Cubic metres Cubic metres
second minute hour per second per minute per hour
(l/s) (l/min) (l/h) (m3/s) (m3/min) (m3/h)

l/s 1 60 3600 0.001 0.06 3.6

l/min 0.0167 1 60 0.0000167 0.001 0.06

l/h 0.000278 0.0167 1 2.78 E-07 0.0000167 0.001

m3/s 1000 60000 3.60 E+06 1 60 3600

m3/min 16.667 1000 6000 0.0167 1 60

m3/h 0.278 16.6667 1000 0.000278 0.0167 1

Ft3/s 28.317 1699.011 101940.65 0.0283 1.699 101.941

Ft3/min 0.472 28.317 1699.011 0.000472 0.0283 1.699

Ft3/h 0.00787 0.472 28.317 7.87 E-06 0.000472 0.0283

US gal/min 0.0631 3.785 227.125 0.0000631 0.00379 0.227

US gal/h 0.00105 0.0631 3.785 1.05 E-06 0.0000631 0.00379

UK gal/min 0.0758 4.546 272.765 0.0000758 0.00455 0.273

UK gal/h 0.00126 0.0758 4.546 1.26 E-06 0.0000758 0.00455

1

2
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The norm volume flow depends on the pipe cross-section and the through-flow
velocity. When the nominal pipe diameter is known, conclusions can be drawn from
the norm volume flow to the norm flow velocity, and under consideration of the
pressure conditions, to the actual flow velocity. This knowledge is correspodingly of
great significance in determining the dimensions of the pipe system. At a norm
volume flow of 100 Nm3,  for example, and a pipe diameter DN 40, the norm flow
velocity is 21 Nm/s. According to the following illustration, a pipe diameter DN 15 is
still applicable. At an absolute pressure of 8 bar, this corresponds to an actual flow
velocity of about 2.6 m/s.  

Especially in small pipe diameters, the exact knowledge of the inner
diameter plays a decisive part in obtaining an accurate norm volume flow
measurement. As shown in the illustration below, even normed pipes can
vary so much in their inner diameter that if the respective inner diameter is
not known, errors up to 33 % are possible. In order to eliminate just these
errors, the testo 6440 has an integrated measurement stretch whose
inner diameter is exactly known.
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Example:

At 100 Nm3/h, a nominal pipe diameter
of DN40 can be used

This results in approx. 80 Nm/s.

At P = 8 bar, zhis corresponds to an
actual flow velocity of 10 m/s.

Range of too high flow velocity

Tabs = Process temperature (°C) +273.15 K T0 = Norm temperature, here 15 °C
P0 = Norm pressure, here 1013.25 hPa Pabs = Process pressure, here (hPa)
Caution! The respective nominal diameter was used as the internal diameter!

Conventional measurement solutions

testo 6440: exactly known internal DN

Nominal 
diameter

given

14.8 Interrelation of norm volume flow and flow velocity in testo 6440

14.9 Influence of the measurement stretch and the sensor  position on the measurement result
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In addition to the inner diameter, not only the exact positioning of the
sensor in the measurement stretch, but also the texture of the pipe’s inner
surface contribute to a constant flow profile and thus to highly accurate
measurement results. For example, a tilt out of the vertical of 5° already
lead to 5% measurement errors. The smallest unevenness, e.g. because
of flange recesses, influences the flow profile and thus the measurement
result. Thanks to the integrated measurement stretch, such errors can be
eliminated in testo 6440, owing to the always constant and exact
positioning of the sensor in the pipe, and to the absolutely even surface of
the measurement stretch (cf. following illustration).

14.10 Nominal pipe diameters and typical compressor performances

Exact positioning of
the sensor in the
measurement
stretch

Measurement stretch: Sensor integrated
in inflow/outflow stretch

No sensor tilting

No unevenness inside the measurement
stretch (e.g. flange recesses)

Flow stabilization due to
straight pipe sections

tilted by 5° > 5% error

desired measurement pipe true pipe dimensions suitable for compressor
(DIN 2440) with approx. electrical 

power

Nominal size Norm size Inner Cross-section
[mm] DN Inch [mm] [cm2] [KW]

25 25 1 26.0 5.31 10

40 40 1½ 39.3 12.13 21

50 50 2 51.2 20.59 37

65 65 2½ 70.3 38.82 72

80 80 3 82.5 53.46 100

100 100 4 100.8 79.80 151

125 125 5 125.0 122.70 234

150 150 6 150.0 176.70 339

200 200 8 206.5 334.90 652

300 300 12 309.7 753.30 1486

400 400 16 388.8 1187.30 2355

* if pipe = main duct
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B 15 Service

Too high humidity presents no problem for the testo 6440, it merely
causes the accuracy to deteriorate until it is dry again.

Too high an oil content, however, can lead to deposits. For cleaning, the
careful use of an alcohol solution is recommended. In case of doubt,
please contact your local Testo partner.

testo 6441/6442:
The instruments testo 6441 or 6442 must be completely deinstalled and
sent in for service.

testo 6443/6444:
In the instruments testo 6443 or 6444, the sensor from a spare instrument
can be deinstalled and installed in the existing measurement stretch, in
order to spare the customer the need of deinstalling the measurement
stretch.

testo 6446:
- Interrupt process and depressurize pipe
- Remove electronic sensor assembly, clean it yourself or send in for

calibration.
- If necessary: install sealing cap (accessory) and re-start process until the

electronic sensor assembly is back from calibration and can be
reinstalled.

testo 6447:
- Electronic sensor assembly can be removed during operation without

process interruption. 
- Clean it yourself or send in for service.

Contact partner for service questions:

Testo AG
Support Group 
Tel. +49-7653-681650
application@support.de
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Trace humidity measurement transmitter testo 6740

B 16 Mollier diagram for pressurized systems

You can use this diagram for your calculations.
Examples cf. chap. 1.12.3
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