UNIT 5

FANS AND BLOWERS

CONTENTS

· Types, Performance evaluation, efficient system operation, Capacity selections

· Performance assessment of fans and blowers
· Energy conservation opportunities  

5.1.   Introduction

Energy efficiency offers glittering promises to all savings for consumers and utilities profits for shareholders, improvements in industrial productivity, enhanced international competitiveness, and reduced environmental impacts. The technical opportunities are myriad and potential savings real, but consumers and utilities have so far been slow to invest in the most cost-effective, energy-efficient technologies available. The energy efficiency of buildings, electric equipment, and appliances in use falls far short of what is technically attainable. Energy analysts have attributed this efficiency gap to a variety of market, institutional, technical, and behavioural constraints. Electric utility, energy efficiency programs have great potential to narrow this gap and achieve significant energy savings.

Among all the electrical utilities, Fans and Blowers provide efficient energy saving in all respect. Fans and blowers provide air for ventilation and industrial process requirements. Fans generate a pressure to move air (or gases) against a resistance caused by ducts, dampers or other components in a fan system. The fan rotor receives energy from a rotating shaft and transmits it to the air.

What are fans and blowers?

Most manufacturing plants use fans and blowers for ventilation and for industrial processes that need an air flow. Fan systems are essential to keep manufacturing processes working, and consist of a fan, an electric motor, a drive system, ducts or piping, flow control devices, and air conditioning equipment (filters, cooling coils, heat exchangers, etc.). An example system is illustrated in Figure 1. The US Department of Energy estimates that 15 percent of electricity in the US manufacturing industry is used by motors. Similarly, in the commercial sector, electricity needed to operate fan motors composes a large portion of the energy costs for space conditioning. Fans, blowers and compressors are differentiated by the method used to move the air, and by the system pressure they must operate against. The American Society of Mechanical Engineers (ASME) uses the specific ratio, which is the ratio of the discharge pressure over the suction pressure, to define fans, blowers and compressors (see Table 5.1).

	Equipment
	Specific Ratio
	Pressure Rise( MM Wg)

	Fans
	Up to 1.11
	1136

	Blowers
	1.11 to 1.20
	1136-2066

	Compressors
	more than 1.20
	……………..


                           Table 5.1: Difference between Fans, Blowers and Compressors
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Fig 5.1: Typical Fan System Components (EEGIA, 2006)
5.2.   Fan types

Fan and blower selection depends on the volume flow rate, pressure, type of material handled, space limitations, and efficiency. Fan efficiencies differ from design to design and also by types. Fans fall into two general categories: centrifugal flow and axial flow. In centrifugal flow, airflow changes direction twice - once when entering and second when leaving (forward curved, backward curved or inclined, radial). In axial flow, air enters and leaves the fan with no change in direction (propeller, tubeaxial, vaneaxial).
[image: image2.emf]
Table 5.2: Fan Efficiencies

5.2.1     Centrifugal fans

Centrifugal Fan are rugged, are capable of generating high pressure with high efficiencies and can be manufactured to accommodate harsh operating conditions. These are the most commonly used centrifugal fans. Centrifugal fans have several type of blade shapes including

· Backward-inclined curved blade

· Backward-inclined airfoil blade

· Backward-inclined flat blade

· Forward curved

· Radial blade

· Radial tip

Centrifugal fans increase the speed of an air stream with a rotating impeller. The speed increases as the reaches the ends of the blades and is then converted to pressure. These fans are able to produce high pressures, which makes them suitable for harsh operating conditions, such as systems with high temperatures, moist or dirty air streams, and material handling.
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Fig 5.2: Centrifugal Fan and Axial Fan
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Table 5.3: Characteristics of different centrifugal fans (EEGIA, 2006)
5.2.2 Axial fans

Axial fans move an air stream along the axis of the fan. The way these fans work can be compared to a propeller on an airplane: the fan blades generate an aerodynamic lift that pressurizes the air. They are popular with industry because they are inexpensive, compact and light. The major types of axial flow fans are: tube axial, vane axial and Tubeaxial fans have a wheel inside a cylindrical housing, with close clearance between blade and housing to improve airflow efficiency. The wheel turn faster than propeller fans, enabling operation under high-pressures 250 – 400 mm WC. The efficiency is up to 65%.Vaneaxial fans are similar to tubeaxials, but with addition of guide vanes that improve efficiency by directing and straightening the flow. As a result, they have a higher static pressure with less dependence on the duct static pressure. Such fans are used generally for pressures upto 500 mmWC. Vaneaxials are typically the most energy-efficient fans available and should be used whenever possible. Propeller fans usually run at low speeds and moderate temperatures. They experience a large change in airflow with small changes in static pressure. They handle large volumes of air at low pressure or free delivery. Propeller fans are often used indoors as exhaust fans. Outdoor applications include air-cooled condensers and cooling towers.  efficiency is low – approximately 50% or less.

[image: image5.png]Tube Axial

Vane Axial

Propeller

=

I

TUBEAXIAL FAN

VANEAXIAL FAN

Straight
Air

PROPELLER FAN
Belt Drive or
Direct Connection





Fig 5.3: Different Types

Common Blower Types

Blowers can achieve much higher pressures than fans, as high as 1.20 kg/cm2. They are also used to produce negative pressures for industrial vacuum systems. Major types are: centrifugal blower and positive-displacement blower. Centrifugal blowers look more like centrifugal pumps than fans. The impeller is typically gear-driven and rotates as fast as 15,000 rpm. In multi-stage blowers, air is accelerated as it passes through each impeller. In single-stage blower, air does not take many turns, and hence it is more efficient. Centrifugal blowers typically operate against pressures of 0.35 to 0.70 kg/cm2, but can achieve higher pressures. One characteristic is that airflow tends to drop to clogging. Positive-displacement blowers have rotors, which "trap" air and push it through housing. Positive-displacement blowers provide a constant volume of air even if the system pressure varies. They are especially suitable for applications prone to clogging, since they can produce enough pressure - typically up to 1.25 kg/cm2 - to blow clogged materials free. They turn much slower than centrifugal blowers (e.g. 3,600 rpm), and are often belt driven to facilitate speed changes. (EEGIA, 2006)
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drastically as system pressure increases, which can be a disadvantage in material conveying systems that depend on a steady air volume. Because of this, they are most often used in applications that are not prone 
Table 5.4: Comparison between Centrifugal and Axial Fans

5.3.    Fan Performance Evaluation and Efficient System Operation

System characteristics

Static pressure is referred here by the term “System resistance”. The system resistance is the sum of static pressure losses in the system. The system resistance is a function of the configuration of ducts, pickups, elbows and the pressure drops across equipment, for example bag filter or cyclone. The system resistance varies with the square of the volume of air flowing through the system. For a given volume of air, the fan in a system with narrow ducts and multiple short radius elbows is going to have to work harder to overcome a greater system resistance than it would in a system with larger ducts and a minimum number of long radius turns. Long narrow ducts with many bends and twists will require more energy to pull the air through them. Consequently, for a given fan speed, the fan will be able to pull less air through this system than through a short system with no elbows. Thus, the system resistance increases substantially as the volume of air flowing through the system increases; square of air flow. Conversely, resistance decreases as flow decreases. To determine what volume the fan will produce, it is therefore necessary to know the system resistance characteristics. In existing systems, the system resistance can be measured. In systems that have been designed, but not built, the system resistance must be calculated. Typically a system resistance curve is generated with for various flow rates on the x-axis and the associated resistance on the y-axis.
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Fig 5.4: System curve of a fan and effect of system resistance

Fan Characteristics

The fan performance curve expresses the power required over the range of airflow rates. Individual points on a fan performance curve are determined by plotting the developed pressure against the air flow rates. This curve is essential for the design of the system, selection of the equipment and operation of the system. When the actual airflow of the system cannot be predicted with some accuracy, or the airflow is expected to vary considerably, it is very important to select the type of the fan, motor and control system that will prevent equipments overloads.

Total efficiency is the ratio of the power of the airflow stream divided by the power delivered to the power shaft in consistent units, or

Total efficiency = (total pressure × airflow)/ (6362× BHP)

Where, total power is in inches of water (in WG) (in case of Hydro), airflow is in cubic feet per minute and BHP is break horse power. (Reference: ACEEE PAPER)
Fan Curves are normally used for representation of fan characteristics. The fan curve is a performance curve for the particular fan under a specific set of conditions. The fan curve is a graphical representation of a number of inter-related parameters. This curve can be developed for a given set of conditions usually including parameters such as fan volume, system static pressure, fan speed and brake horsepower required to drive the fan under the stated conditions. Some fan curves will also include an efficiency curve so that a system designer will know where on that curve the fan will be operating under the chosen conditions. In the many curves shown in the Figure, the curve static pressure (SP) vs. flow is especially important. The intersection of the system curve and the static pressure curve defines the operating point. When the system resistance changes, then the operating point also changes. Once the operating point is fixed, the power required could be found by following a vertical line that passes through the operating point to an intersection with the power (BHP) curve. A horizontal line drawn through the intersection with the power curve will lead to the required power on the right vertical axis. In the depicted curves, the fan efficiency curve is also presented. 

System Characteristics and Fan Curves

In any fan system, the resistance to air flow (pressure) increases when the flow of air is increased. As mentioned before, it varies as the square of the flow. The pressure required by a system over a range of flows can be determined and a "system performance curve" can be developed (shown as SC) (see Figure 5.7).  This system curve can then be plotted on the fan curve to show the fan's actual operating point at "A" where the two curves (N1 and SC1) intersect. This operating point is at air flow Q1 delivered against pressure P1.

[image: image8.png]R

0
@

Pressure

-N, -~ Fan Curves
BN,
System Curves ..
SCr
- -
-~ -
ez ——

Air Flow




Fig  5.5 : System Curve
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Fig  5.6 : Fan characteristic curve by manufacture

A fan operates along a performance given by the manufacturer for a particular fan speed. (The fan performance chart shows performance curves for a series of fan speeds.) At fan speed N1, the fan will operate along the N1 performance curve. The fan's actual operating point on this curve will depend on the system resistance; fan's operating point at "A" is flow (Q1) against pressure (P1). Two methods can be used to reduce air flow from Q1 to Q2: First method is to restrict the air flow by partially closing a damper in the system. This action causes a new system performance curve (SC2) where the required pressure is greater for any given air flow. The fan will now operate at "B" to provide the reduced air flow Q2 against higher pressure P2. Second method to reduce air flow is by reducing the speed from N1 to N2, keeping the damper fully open. The fan would operate at "C" to provide the same Q2 air flow, but at a lower pressure P3. Thus, reducing the fan speed is a much more efficient method to decrease airflow since less power is required and less energy is consumed.

Fan Laws

The fans operate under a predictable set of laws concerning speed, power and pressure. A change in speed (RPM) of any fan will predictably change the pressure rise and power necessary to operate it at the new RPM.
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5.3.   Types of Blowers

For obtaining high pressure than Fans, Blowers are used. The pressure can be raised to as high as 1.20 Kg/cm2. Again for industrial Vacuum systems they produce negative pressure. There are normally two types of blowers available, (i) The centrifugal Blower and (ii) the positive displacement blower.

5.3.1. The centrifugal blower

The centrifugal blowers are similar to centrifugal pumps. Centrifugal blowers typically operate against pressures of 0.35 to 0.70 kg/cm2, but can achieve higher pressures. One characteristic is that airflow tends to drop drastically as system pressure increases, which can be a disadvantage in material conveying systems that depend on a steady air volume. Because of this, they are most often used in applications that are not prone to clogging. 
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Fig 5.7 : Centrifugal Blowers

5.3.2.   Positive displacement blowers

Rotor part which trap the air and push it through housing, of the positive displacement blowers plays a vital role in operating conditions. These blowers provide a constant volume of air even if the system pressure varies. They are especially suitable for applications prone to clogging, since they can produce enough pressure (typically up to 1.25 kg/cm2) to blow clogged materials free. They turn much slower than centrifugal blowers (e.g. 3,600 rpm) and are often belt driven to facilitate speed changes.

5.4. Assessment of fan and blowers

The ratio between the power transferred to the air stream and the power delivered by the motor to the fan is defined as the Fan efficiency. The power of the airflow is the product of the pressure and the flow, corrected for unit consistency. Another term for efficiency that is often used with fans is static efficiency, which uses static pressure instead of total pressure in estimating the efficiency. When evaluating fan performance, it is important to know which efficiency term is being used. The fan efficiency depends on the type of fan and impeller. As the flow rate increases, the efficiency increases to certain height (“peak efficiency”) and then decreases with further increasing flow rate. 
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Fig 5.8 : efficiency Vs flowrate
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Table 5.5.  Efficiencies of various fans

Fan performance is typically estimated by using a graph that shows the different pressures developed by the fan and the corresponding required power. The manufacturers normally provide these fan performance curves. Understanding this relationship is essential to designing, sourcing, and operating a fan system and is the key to optimum fan selection. (EEGIA, 2006)
5.5. Methodology of Fan performance assessment

The steps for fan performance assessment are listed below

· Calculate the gas density
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Where, t =temperature of air or gas at site condition

· Measure the air velocity and calculate average air velocity

The air velocity can be measured with a pitot tube and a manometer, or a flow sensor (differential pressure instrument), or an accurate anemometer. Figure 15 shows how the velocity pressure is measured using a pitot tube and a manometer. The total pressure is measured using the inner tube of pitot tube and static pressure is measured using the outer tube of pitot tube. When the inner and outer tube ends are connected to a manometer, we get the velocity pressure (i.e. the difference between total pressure and static pressure).
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Fig 5.9 : Velocity pressure measurement using pilot tube (EEGIA, 2006)
5.6.   MEASUREMENTS AND CALCULATIONS

5.6.1.   Air density calculation

To calculate the velocity and volume from the velocity pressure measurements it is necessary to know the density of the air. The density is dependent on altitude and temperature.
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t° C – temperature of gas/air at site condition

5.5.2.   Velocity Pressure calculation
The velocity pressure varies across the duct. Friction slows the air near the duct walls, so the velocity is greater in the centre of the duct. The velocity is affected by changes in the ducting configuration such as bends and curves. The best place to take measurements is in a section of duct that is straight for at least 3–5 diameters after any elbows, branch entries or duct size changes To determine the average velocity, it is necessary to take a number of velocity pressure readings across the cross-section of the duct. The velocity should be calculated for each velocity pressure reading, and the average of the velocities should be used.

5.5.3.    Velocity calculation
Velocity can be calculated using the following equation
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Where,  

Cp = Pitot tube constant, 0.85

· = average differential pressure measured by pitot tube by taking measurement at number of points over entire cross-section of the duct.
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= Density of air or gas at test condition (BEE Materials)
5.5.4.   Volume calculation

The volume in a duct can be calculated for the velocity using the equation:

Volumetric flow (Q), m3 /sec = Velocity,V(m / sec) x Area (m2)

5.5.5.    Fan efficiency

Fan manufacturers generally use two ways to mention fan efficiency: mechanical efficiency

(Sometimes called the total efficiency) and static efficiency. Both measure how well the fan converts horsepower into flow and pressure. The equation for determining mechanical efficiency is: (BEE Materials)
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5.6.    Energy saving opportunities

Initial field research suggests that substantial further reductions in industrial fan and blower electricity consumption are possible. Although only moderate equipment-level savings potential exists, 5-15%, these savings opportunities may be applicable to a large share of the market. Additional research is required to better quantify this opportunity. Improving system design to reduce the “system effect” in poorly designed systems can reduce consumption at selected sites. The large number of different industrial fan and blower applications and site-specific operating conditions limit the potential for broad-based prescriptive equipment and system solutions.
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Table 5.6.   Energy saving potential for specific fan and blower system. (reference: 520)

5.6.1.  Available Energy saving options 

Minimizing demand on the fan.

1. Minimising excess air level in combustion systems to reduce FD fan and ID fan load.

2. Minimising air in-leaks in hot flue gas path to reduce ID fan load, especially in case of kilns, boiler plants, furnaces, etc. Cold air in-leaks increase ID fan load tremendously, due to density increase of flue gases and in-fact choke up the capacity of fan, resulting as a bottleneck for boiler / furnace itself.

3. In-leaks / out-leaks in air conditioning systems also have a major impact on energy efficiency and fan power consumption and need to be minimized.

The findings of performance assessment trials will automatically indicate potential areas for

improvement, which could be one or a more of the following:

1. Change of impeller by a high efficiency impeller along with cone.

2. Change of fan assembly as a whole, by a higher efficiency fan

3. Impeller de-rating (by a smaller dia impeller)

4. Change of metallic / Glass reinforced Plastic (GRP) impeller by the more energy efficient

hollow FRP impeller with aerofoil design, in case of axial flow fans, where significant savings have been reported

5. Fan speed reduction by pulley dia modifications for derating

6. Option of two speed motors or variable speed drives for variable duty conditions

7. Option of energy efficient flat belts, or, cogged raw edged V belts, in place of conventional

V belt systems, for reducing transmission losses.

8. Adopting inlet guide vanes in place of discharge damper control

9. Minimizing system resistance and pressure drops by improvements in duct system

(BEE Materials)
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QUESTIONS

· Define system resistance and its variations with different parameters.

· Which type of fan is suited for (i) heavy dust conditions and (ii) high efficiency?

· Explain the difference between Fan, Blowers and Compressors?

· Calculate the variations of (i) flow in percentage and (ii) power, if the fan speed (in RPM) is varied by 10%?

· Explain the method of flow measurement using Pitot Tube.

