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Abstract: This study, considering need of fresh air in the air-conditioning system in a small residence, geometrical dimensions of a 

flow nozzle and an orifice plate were determined by theoretical equations in the literature. The measurement performances of designed flow 

meters were compared with numerical method using Computational Fluid Dynamics (CFD). The measured air flow rate is in the range of 

80-300 m3/h and Reynolds numbers at the inlet of flow meters are 12,000-46,000. The β ratio of designed flow meters is chosen to be  0.45 

in order to avoid excessive increase of pressure drop. Three dimensional numerical models were created to control the accuracy of flow 

meters. The results from numerical solution show that permanent pressure loss in the orifice plate is 2.6 times greater than the flow nozzle. 

Lower pressure and energy loss occur in the flow nozzle compared to the orifice plate. In a system where continuous measurement for the 

purpose of velocity control of fans is carried out, it has been found that electric power consumption of the fans will increase by 4.85 W and 

12.42 W, respectively, at the flow rates of 150 and 200 m3/h for flow nozzle. 

Keywords: FLOW NOZZLE, ORIFICE PLATE, COMPUTATIONAL FLUID DYNAMICS (CFD), FLOW MEASUREMENT, HEAT 
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1. Introduction 

Flow rate or flow measurement has evolved over years to meet 

increased accuracy requirements as the worth of measured fluid 

increases. For example; The Romans controlled water allocation for 

each family 4,000 years ago by measuring flow in the aqueduct. 

The Chinese controlled flow of salt water used in the production of 

salt, which was a very valuable spice at that time. Control of many 

different processes in similar situations is the main cause of flow 

rate measurement. Flow measurement became more widespread to 

control total flow and charge of consumption in later periods [1]. 

At the beginning of the 1700s, Professor Poleni made his first 

studies to examine discharge of fluid from a section. Bernoulli 

developed a theory about head meter at the same time. In 1730, 

Pitot published a study on the meter. Venturi in the late 1790s and 

Herschel in 1887, studied similar to the paper of the Pitot. In the 

mid-1800s in London, first examples of positive displacement flow 

meters suitable for commercial use were seen. At the beginning of 

the 1900s, positive displacement meters were first categorized in the 

United States (Baltimore Gas Light Company) when gas-fuel 

industry started to develop. Flow rate and flow measurement until 

today has continued to evolve and evolve as the needs for industrial 

developments. Developments in flow rate measurement will 

continue as long as mankind uses gas and liquid energy sources that 

are required to measure the flow [1]. 

Flow meters are measuring devices used to quantitatively 

determine flow rate of a fluid through a pipe, for example, natural 

gas, oil or water. The spread of measures to save energy and protect 

the environment in practice increases importance of flow 

measurement. For example; flow measurement is very important to 

ensure that compressed air systems operate efficiently and forceful. 

The largest share of total cost of compressed air systems belongs to 

electricity. Initial investment and maintenance costs are lower than 

electricity. 90% of the electricity consumed by a modern 

compressor is converted to heat, only 10% is used to compress air. 

For this reason, compressed air is 10 times more expensive than 

electricity. Common practice in compressed air systems is to 

measure electricity consumption. However, only a few companies 

measure pressurized air consumption. The statistics show that 30% 

of the compressed air is lost by leakages and that these leakages can 

be detected and eliminated [2]. 

Industrial applications that constitute 40% of total CO2 

emissions are another important example of flow measurement. 

These CO2 emissions are largely due to burning of fossil fuels (such 

as coal, oil, natural gas) used to generate electricity. As is known, 

CO2 is responsible for global warming. While energy is a scarce 

resource and protection of the environment is an important issue, 

flow measurements help in the detection and analysis of 

consumption and leaks in systems. This allows to reduce energy 

consumption and costs [2]. 

Since monetary returns of flow meters can be very large, the 

flow measurement is also important for economic control. In the 

journal "Flow Measurement and Instrumentation" (Volume 1, issue 

1, 1989), it is emphasized that annual costs controlled by the flow 

meter are in the order of $10,000 million (an average of €10,000 

billion per year). So even 1% uncertainty in the measurements 

represents a significant value [3]. 

Accurate measurement of the flow of liquids and gases is 

indispensable for protection of quality of industrial processes. In 

fact, most of the industrial control cycles are often controlled by 

flow of liquids or gases in order to achieve the purposes [4]. 

When physical measurements are made, choice of method is 

usually performed first. The simplest method should be aimed at 

providing simplicity, accuracy and precision in selecting a method. 

The best way to measure average flow rate of water through a pipe 

for a long period of time is to weigh the amount of water passing 

over a given time period or measure the volume. But weighing 

method cannot be applied to gases such as air. Volumetric 

measurement methods, which form the basis of widely used gas 

meters for fluids such as air, should be preferred. However, their 

use is very limited, because of engineers can only measure smaller 

flow rates of two standard types than ones that are of interest. For 

this reason, most of direct measurement methods for air flow rate in 

engineering applications cannot be used. It is usually necessary to 

measure some physical effects due to flow. There are three physical 

effects determined by experience and used in flow measurement: 

Movement-related pressure changes, mechanical effects that are 

induced by inducing rotation speed to a rotor with the light wings 

placed in the flow, physical changes similar to a hot wire cooling 

held in an air flow and heated by an electric current. The first of 

these is the most important because a measuring device properly 

designed and positioned within flow causes a characteristic pressure 

difference which can be measured with a pressure gauge [5]. 

The equipment used in the measurement of pressure can be 

divided into two separate groups according to whether or not the air 

enter. The non-flow-through equipment is an anemometer 

consisting of two independent pipes of different shapes. An 

additional pressure effect occurs in a hole or a group of holes facing 

upstream of the airflow. The other ends of these tubes are connected 

to a differential pressure gauge that measures pressure difference 

between two groups of holes facing the downstream of the flow on 

the anemometer. 

Anemometers with flow inside are more sensitive than pressure 

tube anemometers. Commonly used examples are; orifice plate, 
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flow nozzle and less used venturi tube. Such tools should be used 

under strict control conditions for proper operation [5]. 

There may be various requirements in the flow measurement, 

such as measurement of volumetric or mass flow rate, the fluid 

being measured is gas or liquid, the measurement may be obstructed 

or unobstructed. As a result, there are different flow measurement 

methods used in the industry. Some of those; (a) Obstruction type, 

(differential pressure or variable area) (b) Inferential turbine type 

(c) Electromagnetic (d) Positive displacement (e) Fluid dynamic 

vortex shedding (f) Anemometer, (g) Ultrasonic and (h) Mass flow 

meter (Coriolis) [4]. 

There are two types of obstruction flow meters: differential 

pressure type and variable field. Orificemeter, venturimeter and 

pitot tube enter the first group, while rotameter is in the second 

group. In all of these, an obstacle is created in the areas where flow 

passes, and pressure drop across the obstacle is associated with the 

flow rate. Differential pressure type flow meters are one of the most 

widely used flow meters. Due to their flexibility, cost and 

simplicity, they are used in many applications. Pressure differential 

producing flow meters can be used in almost all low viscosity fluid 

flow measurements and in a majority of gas applications [4]. 

In this study, measurement performances of a flow nozzle and 

an orifice plate designed to be used in an experimental study of air 

to air heat recovery ventilation used in air conditioning systems 

were compared with numerical methods. The dimensions of the 

flow nozzle and orifice plate suitable for flow rate range to which 

the experimental study can be carried out are determined by 

theoretical equations found in the literature. The solid models of 

flow meters was designed in computer with SOLIDWORKS 

software. The expected measurement results from theoretical 

equations were compared with result of Computational Fluid 

Dynamic analyzes in SOLIDWORKS Flow Simulation software. 

2. Problem definitions 

The fans in the air conditioning and ventilation systems are 

usually selected at capacities above the requirements, with 

uncertainties and safety concerns. This excess capacity causes 

initial investment costs to increase and unnecessary energy loss 

during operation. The power that is consumed by fan is proportional 

to cube of flow rate. Therefore, a small decrease in flow rate will 

greatly reduce power requirement. For example, reducing the flow 

rate by 20% can reduce the power requirements by half [6]. 

Common methods for controlling flow and energy saving in fans 

are: (a) use of fan discharge damper b) use of fan suction damper, 

and (c) use of a variable speed drive [7]. 

In case of using fan discharge damper, additional pressure loss 

is created by fan discharge damper, the loss characteristic of system 

is changed, fan outlet pressure is increased and flow rate is reduced. 

The use of fan suction damper is similar to the use of the fan 

discharge damper, in the fan suction line. As the fan suction flow 

rate decreases consequently the pressure at the outlet also decreases, 

flow rate varies according to system specifications in the case of fan 

suction damper. When the air flow rate drops to 60% of the 

nominal, a reduction of about 45% in power consumption can be 

achieved. If fan velocity is decreased, the fan characteristic is 

changed and both flow rate and pressure loss are reduced at the 

same time. In this process, without any significant change in fan 

efficiency, when the air flow drops to 60% of the nominal, a 

reduction of up to 75% in power consumption can be achieved. In 

summary, in the ventilation system using a fan operating at constant 

velocity: use of fan suction damper is 30% and variation by 

changing the rotational speed of fan is 70%, which saves electrical 

energy, according to the application with the use of fan discharge 

damper. 

In the variable-flow systems, electrical energy consumption is 

less than the fixed-flow systems. This is because, air flow rate can 

be increased where the fresh air needs to be increased according to 

condition of ventilated residence, air flow rate can decrease when 

the residence is not being used, or when there are few people in the 

residence. This saves considerable electrical energy [6, 7]. 

In this study, considering fresh air requirement in the ventilation 

system in a small residence, measured air flow range was 

determined as 80-300 m3/h. The Reynolds numbers at the inlet of 

flow meters designed for these flow rates are in the range of 12,000-

46,000. In the calculations, air temperature was assumed to be 

20°C. Therefore, properties of the air ρair = 1.204 kg/m3, μair= 

1.825x105 kg/ms and νair = 1.516x105 m2/s [8]. 

The inner diameter of duct to carry air to the heat recovery 

ventilator is 152 mm. The flow rate in ducts and channels of 

ventilation system can be calculated by measuring decrease in 

pressure, due to throttling of cross-section and depending on 

increase in flow velocity of the throttling section. The permanent 

pressure difference between two pressure taps along the flow can be 

measured with a differential pressure transducer or manometer, or 

flow rate can be measured by obstructing the flow with a flow 

meter. 

In this study, an orifice plate and a flow nozzle are designed by 

making necessary calculations to measure the same flow rate and 

performance of two flow meters is compared with numerical 

solution. The designed the flow nozzle and the orifice plate β ratio 

were chosen to be 0.45 so that avoid excessive increase of pressure 

drop. The minimum Reynolds numbers in the flow rate range to be 

measured are limited to 10,000 or more at the inlet of both flow 

meters. 

3. Design of flow meters and determination of 

volumetric flow rates 

3.1 ASME Long Radius Nozzle  

The flow nozzle is an obstruction flow meter with a throttling in 

the flow direction toward outlet. A schematic cross-sectional view 

showing the characteristic dimensions of the ASME long-radius, 

low β-ratio flow nozzle is shown in Fig. 1. In the case of a low β-

ratio flow nozzle, β ratio is recommended to be less than 0.5 [9]. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

The equations used to calculate flow rate in the measurements 

made with the flow nozzle are as follows: 

Method 1: Determination of volumetric flow rate by calculating 

discharge coefficient: 

 

The discharge coefficient Cd is calculated by the following equation 

[11]. 

Cd=0.9975− ( 6.53 β
  0.5

Re  0.5 ) (1) 

 = d D  (2) 

Where,  is the ratio of diameter of the outlet to diameter of inlet of 

the flow nozzle, Re is Reynolds number at the inlet. 
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Fig. 1. Schematic cross-sectional view of flow nozzle [10]. 
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The volumetric flow rate (∀ ) is calculated by substituting the 

discharge coefficient Cd with the following equation [12]. 

 

∀ =A2 Cd  2 p  ρ (1 − β
  4

)   (3) 

Where A2 (m
2) is the area of outlet section of the flow nozzle, p 

(Pa) is the pressure difference measured between inlet and outlet of 

the flow nozzle,  (kg/m3) is density of fluid. 

Method 2: Determination of volumetric flow rate using the 

discharge coefficient (Cd) read from the graphs [9]: 

 

The discharge coefficient Cd is obtained depending on  and 

Reynolds numbers. The velocity of approach factor (M) is 

calculated by the following equation. 

 

M= 1   1 −  A2 A1    2  (4) 

A1 and A2 are cross-sectional areas at the inlet and outlet of the flow 

nozzle. The volumetric flow rate is calculated by following equation 

using measured pressure drop (p) [9]. 

 

∀ =C M A2  2 ρ   Δp (5) 

Where A2 (m
2) is the area of outlet section of the flow nozzle, p 

(Pa) is the pressure difference measured between inlet and outlet of 

the flow nozzle,  (kg/m3) is the density of fluid. 

3.2 Orifice Plate 

The orifice plate is the simplest obstruction flow meter with low 

cost, design and manufacturing that occupies very little space 

because it consists of a bored plate in the middle. However, sudden 

contraction and expansion in the flow cross section of the orifice 

plate generates of significant vortex. This leads to large head losses 

and permanent pressure loss. A schematic cross-sectional view of 

the characteristic dimensions of the orifice plate is shown in Fig 2. β 

ratio for orifices is recommended in the range of 0.25-0.75 [11]. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

The equations used for calculation of flow rate for the orifice 

plate are as follows: 

 

Method 1: Determination of volumetric flow rate by calculating 

discharge coefficient: 

 

The discharge coefficient Cd is calculated by the following equation 

[11]. 

Cd=0.5959− 0.0312β
  2.1 − 0.184β

  8 +(91.71β
  2.5

Re  0.75 ) (6) 

Where,  is the ratio of diameter of the outlet to diameter of inlet in 

the flow nozzle, Re is Reynolds number in the inlet. 

 

The volumetric flow rate (∀ ) is calculated by substituting the 
discharge coefficient Cd with the following equation [12]. 

∀ = A2 Cd  2 p  ρ (1 − β
  4)   (7) 

Where A2 (m
2) is the area of bore section of the orifice plate, p 

(Pa) is the pressure difference measured between inlet and outlet of 

the orifices plate,  (kg/m3) is the density of fluid. 

Method 2: The discharge coefficient (Cd) is arranged according to 

Reynolds numbers in the pipe section with  and is determined by 

reading from the graph [9]. This method is not used for the designed 

orifices because inner diameter of the duct to be studied is D=152 

mm and the discharge coefficient graph given for orifices is out of 

range diameter.  

Hydraulic power loss due to permanent pressure loss created by 

the flow meters and additional electrical power to be consumed in 

the fans by assuming 65% of fan efficiency is calculated by 

equations (8) and (9). 

 

W hp = ∀  ∆p (8) 

η
f
 = W hp  W ee  (9) 

Where Whp is the hydraulic power required to overcome pressure 

loss, ηf is the fan efficiency and Wee is the electrical power 

consumed by the fan motor. 

4. Numerical Modeling for Flow Meters 

The Reynolds number at the inlet of flow meters for the 

studying air flow rate range of 80-300 m3/h is 12,000-46,000. In 

accordance with preliminary design criteria mentioned in Section 3, 

the geometric dimensions of flow nozzle and orifice plate were 

determined for β=0.45. Before experimental study, numerical 

models of flow meters were developed to check the accuracy of 

designed flow meters. The numerical modeling of flow meters were 

performed by placing in a duct with a circular section and a length 

of 5 times the inner diameter. The average static pressures in the 

cross sections that follow D before flow meter inlet and D/2 after 

flow meter inlet, which is static pressure measurement sections 

defined in the standard, were calculated in numerical solutions. 

These pressures are used to determine pressure differences through 

the flow meters. The solutions of the numerical models were carried 

out with the trial version of SOLIDWORKS Flow Simulation 

software. In numerical solutions, a modified k-ε turbulence model is 

used with damping function proposed by Lam and Bremhorst [13]. 

A schematic drawing of the generated numerical model and 

boundary conditions are given in Fig 3. The modified k-ε turbulence 

model with damping functions proposed by Lam and Bremhorst 

describes laminar, turbulent, and transitional flows of homogeneous 

fluids consisting of the following turbulence conservation laws: 

∂ρk

∂t
+

∂ρkui

∂xi

= 
∂

∂xi

  μ+
μ

t

ζk

 
∂k

∂xi

 +ηij
R

∂ui

∂xj

− ρε+μ
t
PB (10) 

∂ρε

∂t
+

∂ρεui

∂xi

=
∂

∂xi

  μ+
μ

t

ζε

 
∂ε

∂xi

 + 

Cε1

ε

k
 f

1
ηij
R

∂ui

∂xj

+CB μt
PB − f

2
Cε2

ρε2

k
 

(11) 

Pressure 

tap 

Pressure 

tap 

Flow 

E 

β 

e 
Ød 

Ø

D 

y 
x 

z 

D 

(-0.1D  0.2D) 

0.5 D 

(± 0.01D) 

Fig. 2. Schematic cross-sectional view of orifice plate [12]. 
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Fig. 3. Numerical model and boundary conditions. 

[12]. 
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ηij=μsij, ηij
R=μ
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C
μ = 0.09, Cε1

 =1.44, Cε2
 = 1.92, ζ

k
 = 1 , ζε =1.3 , ζB=0.9 (14) 

 

If PB > 0 for CB=1 

If PB < 0 for CB=0 

 

Turbulence viscosity: 

μ
t
=f

μ
Cμ ρ k 2

ε  (15) 

Lam and Bremhorst’s damping function (f μ): 

f
μ= 1 − e

−0.025Ry 2
(1+20.5/Rt

) (16) 

Ry= ρ k 1/2 y μ  (17) 

Rt= ρ k 2
μ ε    (18) 

Where y is the distance from point to the wall and Lam and 

Bremhorst’s damping function f1 and f2 are determined from: 

 

f
1
=1+(0.05 f

μ
 )

3
, f

2
=1 − e Rt

  2
 (19) 

Lam and Bremhorst’s damping functions ƒµ, ƒ1, ƒ2 decrease 

turbulent viscosity and turbulence energy and increase the 

turbulence dissipation rate when the Reynolds number Ry based on 

the average velocity of fluctuations and distance from the wall 

becomes too small. When ƒµ=1, ƒ1=1, ƒ2=1 the approach obtains the 

original k-ε model. 

At the highest volumetric flow rate, for the numerical modeling 

of the flow meters, independence of mesh studies were carried out 

with 6 different mesh structures. The results of the mesh structure 

independence study are given in Fig 4. For the solutions, numerical 

models with 55,962 elements for the flow nozzle and 4,452 

elements for the orifice plate were used. The results are almost 

constant, after these mesh numbers. Similar mesh structures have 

been used for other volumetric flow rates. In steady-state numerical 

solutions, it is assumed that average velocity at the inlet is constant, 

uniformly distributed and horizontal direction. Furthermore, in 

solutions where the physical properties of fluid do not change and 

flow is three-dimensional, and effect of gravity is neglected. 

5. Result and Discussion 

In order to measure the volumetric flow rate (80-300 m3/h) of 

the air for use in an experimental study, a flow nozzle and an orifice 

plate were designed. The pressure losses in the flow meters were 

calculated by different calculation methods in the literature. Solid 

and numerical models of the designed flow meters are generated in 

SOLIDWORKS software. The performance of flow meters was 

obtained by numerical analysis in the trial version of 

SOLIDWORKS Flow Simulation software to verify suggested 

theoretical equations. The numerical solutions and pressure drops 

obtained from the suggested equations are compared. Volumetric 

flow rate changes of permanent pressure drops obtained from the 

numerical solution and the theoretical equations are given in Fig.5 

for flow nozzle. 

It is seen that difference between the numerical and the 

theoretical results proposed in Section 3.1 for the flow nozzle is 

about ±4.5%. These results show that accuracy of measurement of 

flow nozzles to be used must be experimentally controlled and 

adjusted. Fig. 6 and 7 show pressure and velocity distributions 

obtained from the numerical solution in the symmetry plane of duct 

for the flow rate of 300 m3/h, respectively. 
Fig. 4. Mesh number independence study: (a) flow nozzle and  

(b) orifice plate. 

 (a) 

 (b) 

Fig. 5. Volumetric flow rate dependence of permanent pressure 

drops for flow nozzle. 

Fig. 6. Pressure contours in the xz symmetry plane of duct at 

the flow rate of 300 m3/h for flow nozzle. 

Fig. 7. Velocity contours in the xz symmetry plane of duct at the 

flow rate of 300 m3/h for flow nozzle. 
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As can be seen from pressure contours, static pressure towards 

the outlet from the inlet section decreases in the regions where cross 

section in the flow nozzle starts to change. The velocity increases 

from the inlet section to the outlet. In other words, as velocity 

decreases in regions where static pressure increases, the velocity 

increases in regions where the static pressure decreases. Among 

pressure taps defined in the standards, permanent pressure loss 

caused by cross-sectional changes and friction effects is also 

obtained by numerical solution. 

In the case of similar state, changes in permanent pressure drops 

in the orifice plate obtained from theoretical calculations and 

numerical solutions are given in terms of volumetric flow rate. 

As seen in Fig. 8, difference between numerical and theoretical 

results from the proposed equations in Section 3.2 for the orifice 

plate is approximately +2%. Fig. 9 and 10 show pressure and 

velocity contours obtained from the numerical solutions in the 

symmetry plane of duct for the flow rate of 300 m3/h, respectively. 

The change in the pressure and velocity contours obtained for the 

orifice plate is similar to the flow nozzle. The relationship between 

pressure and velocity contours is decreased at the flow velocity to 

region where the static pressure is increased and increase at the flow 

velocity to the region where the static pressure decreases. 

When choosing between two flow meters, the measurement 

accuracy and the permanent pressure loss during measurement must 

be considered. The performances of the flow meters are compared 

with each other. Fig. 11 shows the permanent pressure drops 

obtained from numerical solutions of flow meters at flow rate 

ranges of 80-300 m3/h. When looking at Fig. 11, the rate of 

permanent pressure drop in the flow nozzle is about 1/3 of that in 

the orifice. In other words, the pressure drop of orifice plate is about 

2.6 times higher than the pressure drop in the flow nozzle. From 

these results, the flow nozzle is more advantageous because of less 

permanent pressure loss in the measurement of air flow and 1/3 of 

energy consumption. It was decided to use the flow nozzle in 

experimental study since it is possible to measure with less auxiliary 

equipment such as venturimeter which is not used in this study. 

However, it is also necessary to calculate lost hydraulic power from 

obstruction flow meters, in situation where continuous flow 

measurement is required to save energy especially in the fans. The 

hydraulic lost power in flow meters is given in Fig. 12 depending 

on the volumetric flow rate. The technical drawing details of the 

flow meters designed with the proposed calculation methods and 

investigated by numerical solutions are given in Fig 13. 

6. Conclusion 

In this study, obstruction flow meters were investigated by 

numerical method in order to control air flow rate to reduce 

electricity consumption of fans for ventilation systems used in small 

residence. The utility of the flow nozzle and orifice plate for 

controlling the air flow rate by changing the rotational speed of fan 

motor was compared in terms of additional permanent pressure loss, 

lost hydraulic power and measurement accuracy.  

The hydrodynamic performance of the flow nozzle and orifice 

plate, which designed with the theoretical expressions proposed for 

flow meters at flow rates of 80-300 m3/h, was numerically 

investigated with the trial version of SOLIDWORKS Flow 

Simulation software. The numerical and the theoretical results are 

compared and verified. The difference between numerical results 

Fig. 8. Volumetric flow rate dependence of permanent pressure 

drops for orifice plate. 

Fig. 12. Hydraulic lost power depending on the volumetric flow 

rate in flow meters. 

Fig. 11. Comparison of permanent pressure losses obtained from 

numerical solution. 

Fig. 10. Velocity contours in the xz symmetry plane of duct at 

the flow rate of 300 m3/h for orifice plate. 

Fig. 9. Pressure contours in the xz symmetry plane of duct for at the 

flow rate of 300 m3/h for orifice plate. 
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and recommended expressions is an average ±4.5% for the flow 

nozzle, while an average +2% for the orifice plate. The technical 

drawings of the flow nozzle and the orifice in which the design and 

numerical studies are given. The use of a non-inclusive CFD 

software gives results in acceptable accuracy in the design of flow 

meters. The permanent pressure drop in the orifice plate was 2.6 

times higher than the flow nozzle. For this reason, the flow nozzle 

was chosen to be used for measuring the air flow. Reasons for 

selection of flow nozzle: 

 Pressure losses are less than orifice plate (up to 1/3) 

 It is less costly than equipment used in the measurement 

system and other flow meters (such as venturimeter). 

 Acceptable precise measurements can be made. 

However, it is necessary to calculate lost hydraulic power in 

addition to permanent pressure loss in systems where continuous 

measurement such as flow rate control by changing the fan motor 

revolution for energy saving purposes. Both flow meters cause too 

much hydraulic power loss for applications where continuous 

measurement is required. 
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