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Abstract. AHU (air handling unit) is an imperative component of the HVAC(heating, ventilation and air conditioning) system as it is used to regulateconditioned air into the ducts of this system. AHU deals with the heatchange between outdoor air and the air inside the working environment ofany building. Designing of an AHU depends upon the specific requirementsof temperatures inside the building and the components required achievingthose targets. This paper provides a detailed aspect of all kinds of AHU anddiscusses the considerations takenwhile designing and choosing the compo-nents to be installed inside the AHU. Furthermore it mentions the requiredcalculations necessary for the design of centrifugal blower unit and for theselected heat exchanger coil. Moreover, it contains the design of the com-ponents and a two dimensional drawing of the Air Handling Unit. The twodimensional drawing was obtained upon validations of our selected blowerunit and heat exchanger coil.
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Resumen
1

La UTA (unidad de tratamiento de aire) es un componente imprescindible del sistema CVAA (calefacción, ven-2 tilación y aire acondicionado) ya que se utiliza para regular el aire acondicionado en los conductos de este3 sistema. La UTA se encarga del cambio de calor entre el aire exterior y el aire del interior del entorno de4 trabajo de cualquier edificio. El diseño de una UTA depende de los requisitos específicos de las temperat-5 uras en el interior del edificio y de los componentes necesarios para alcanzar esos objetivos. Este documento6 ofrece un aspecto detallado de todos los tipos de UTA y analiza las consideraciones que se tienen en cuenta7 a la hora de diseñar y elegir los componentes que se instalarán en el interior de la UTA. Asimismo, menciona8 los cálculos necesarios para el diseño de la unidad soplante centrífuga y para la bobina intercambiadora de9 calor seleccionada. Además, contiene el diseño de los componentes y un dibujo bidimensional de la unidad10 de tratamiento de aire. El dibujo bidimensional se obtuvo a partir de las validaciones de la unidad soplante y11 la bobina intercambiadora de calor seleccionadas.12
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13

Palabras clave: Sistema AHU, Sistema HVAC, Unidad de soplado, Ventiladores centrífugos, Batería de refrig-14 eración.15

1 | INTRODUCTION16

The purpose of installing an heating ventilation and air conditioning (HVAC) system to any specific area is17 to provide heating or cooling in a specified workplace according to the environmental comfort [1]. What an18 HVAC system does is, it uses fresh air from outdoor and provides conditioned indoor air. The ventilation in19 HVAC is the process of replacing or exchanging air within a space. This provides better quality of air indoors,20 further helps in removal of moisture, smoke, odors, heat, dust, airborne bacteria, carbon dioxide, and other21 contaminants as well as temperature control and oxygen replenishment [2]. All the core functions, heating,22 ventilation and air conditioning are interconnected. All these functions are meant for a total control of tem-23 perature, moisture content (humidity), supply of outside air for ventilation, filtration of airborne particles, and24 air movement in the occupied space [3]. An HVAC system consumes 40% of the total energy of any building.25 Keeping in mind the increased usage of HVAC systems in buildings, the consumption of energy must be strin-26 gent and precise [4]. There are different active and passive means to provide the sufficient air conditioning to27 residential buildings [5]. Many other researchers worked on the solar based air-conditioning and improvement28 of solar conversion techniques [6, 7, 8]. The main focus of this study will lean more towards how the outside29 air is cooled or heated after being filtered using Air Handling Unit.30 Air Handling Unit (AHU) is an important component of the air conditioning system as it enables large31 spaces to be cooled simultaneously and also aids in maintaining the Indoor Air Quality (IAQ) [3]. The AHUs are32 designed in such a way that they meet the desired conditions and ensure that the air is treated in accordance33 to the standards [9]. The AHU is connected to ducts throughwhich the air is distributed to the building further;34 these ducts play their part in returning that air back to the AHU for recirculation [10].35 An AHU can be either a rooftop unit or an indoor unit. For an indoor unit there larger space is required plus36 special accessories are installed to control the noise levels of that specific space in order to avoid the increased37 prescribed sound levels for a human body [11]. An AHU can be either built inside a controlled manufacturing38 space or on field where it is needed to be installed. But on factory manufacturing of AHU is more efficient39 with good quality and low manufacturing cost. These can be delivered in shorter time. For the custom and on40 field manufacturing of AHU, there’s more flexibility in structure and arrangement of components can vary as41 compared to standard AHU structures [12].42 AHU can be classified into different types according to their structure, conditioning requirements and lo-43 cation as follows:44

45 • Horizontal or Vertical Unit: In horizontal unit, all the components are installed at same level,where as in vertical unit the fan is not at same level as the filter and coil. The fan is at higher levelas compared [6].• Draw through or Blow through Unit: In draw through unit, the supply fan is positioned down-stream to draw the air from coil section. In blow through unit the fan is positioned upstream andthe air blows through the coil section [12].
46

• Outdoor Air AHU or Mixing AHU: Outdoor air AHU uses 100% fresh air to condition it whereas in mixing AHU, a ratio of fresh and recirculated air is conditioned [10].• Single Zone AHU orMulti Zone AHU: Single zone AHU is used to condition the air of one specificzone where as a multi zone AHU is used to condition air of different zones [11]. The design of thecooling coil of an AHU has a significant effect on the performance of the system and the effective-ness of the cooling of the space [12]. A key contributor in cooling coil design is the velocity of theair across the heat transfer surfaces. The higher the velocity, smaller will be the coil and pressuredrop is higher. Lower coil velocity has the converse effect. The fan size will depend on the velocitythat is chosen, and this will in turn affect the energy usage of the AHU [13].

47
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2 | KEY COMPONENTS48

AHU operations not only significantly impact supply air temperature and humidity levels, but also the energy49 consumed for heating, cooling and ventilation. AHUoperations greatly affect the building energy consumption,50 thermal comfort, and health of occupants. In addition to control building ventilation intake, AHUs connect51 primary heating and cooling plants with building zones [10]. To perform ventilation functions, various dampers52 are provided to connect air ducts including return air duct, exhaust air duct, fresh air duct and supply air duct.53 AHU aims to provide cooling or heating to air streams before supplying to conditioned spaces. AHU also54 distributes conditioned air to various conditioned spaces in a zone or zones [1]. Key components of AHU55 include dampers, filters, heating/cooling coils, blower/fans, humidifier, air mixing plenums, vibration isolators.56

F IG . 1 Typical AHU
Dampers: Damper is a device which uses valves or plates to regulate the flow of air inside an air handling57 unit [14]. By adjusting the dampers we can increase or decrease the amount of air entering the air handling58 units. Themain component of a damper is the blade which by adjusting its position controls the air. In addition,59 dampers include frames, linkages, axles, bearings, seals, blade pins, actuating motors, flanging, jackshafts, and60 sleeves, among other components. Filters: Filters are the first component inside an air handling unit before61 heating or cooling coils and just after the dampers [6]. In an AHU we typically use two sets of filters, which62 are called primary and secondary filters. Filters are used in an AHU to clean the air having dust particles and63 other undesired substances present. The primary filters are typically the panel filters. They are made with a64 pleated design to increase the surface area to catch more dust particles. They’re usually made from a synthetic65 material with a cardboard outer frame and they’re held in shape with a wire mesh. Primary panels are typically66 used to protect the more expensive secondary panel.67

Heating/Cooling Coils: Air Handling Units are typically used for heating, cooling, or both to change the68 supply air temperature, and humidity level depending on the situation and location. Heat exchanger coils69 are used for heating and cooling, such coils may be direct or indirect in relation to the medium providing the70 heating or cooling effect.71 Heat exchanger cooling coils are used to provide cooling to the building spaces and tomaintain the humidity72
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level. These coils use chilled water from the chiller or refrigerant gas to cool the air.73 Heat exchanger heating coil is used to heat the air during winter conditions either with hot water system74 or with electric heaters.75

Blower/Fan: Blowers or fans are used to push the air to the building spaces with the help of ventilation76 system duct work [10]. These fans can either be single speed, dual speed or can be equipped with variable77 frequency drives in order to control the speed of the fan.78 In a large commercial building, AHU can have multiple blowers typically placed at the end of the AHU and79 before the supply ductwork that’s why it is called “supply fan” as shown in Fig. 1.80

3 | METHODOLOGY81

An Air Handling Unit is designed to supply constant or variable air volume for different levels of air distribution.82 The equipment mentioned above are all connected inside a box or what can be said Panel. The panel is an83 aluminum body having dampers at the outer side and filters, coils and fan inside it. The process of the AHU84 goes like air enters, untreated, the plenum and goes through the filter in order to remove the contaminants85 which exist in the air. Different types of filters are installed having different grades of filtration. After the air86 is filtered, it moves on towards the coil section in order for heat transfer to happen. For example if a cooling87 coil is installed inside the AHU, it means that the air which follows will be cooled down to the certain required88 temperature. One thing must be made sure that the air which passes through the coil must not have a parallel89 path particularly in vertical plane systemswith double width double inlet fans because these fans thenmay not90 completely mix the air which can lead to different temperatures. Poor mixing with high outdoor percentage91 can result in freezing temperatures at the coils.92 The basic method used in this project for cooling the air is by cooling coil with chilled water as the medium93 for heat transfer. In this method, air passes through an all finned counter flow heat exchanger. Some of the94 air may pass through it and some amount of it may just bypass without any contact with these fins. The ratio95 of this bypass air varies from approximately 30% for a 4 row coil and by 2% if the coil has 8 rows. For a coil,96 a serious problem which should be taken into consideration is coil freezing. Antifreeze solutions or complete97 coil draining prevents this problem from happening. An easy solution to it is that drain pans should be installed98 which should be slopped at the drain point of the AHU. This will not allow the water from standing inside the99 AHU near the coil. Moving forward, after the air attains the certain temperature which needs to be delivered,100 a supply fan is installed which is connected directly to the duct of the HVAC system. The supply fan which101 is to be designed is a centrifugal belt driven fan. To avoid losses inside the unit, the distance between the102 case of the AHU and the fan should be at least equal to the diameter of the fan wheel. Both draw through103 and blow through AHU are commonly used. Either arrangement is possible for both small and large spaces.104 The difference between blow through and draw through AHU is that in blow through units the fan is placed105 before the cooling coil right after the filter section where as in draw through units the blower is installed after106 the cooling coil. A draw through unit provides more even distribution of air over all parts of the coil however107 some heat of the fan is added to the airstream which must be taken into account when calculating the desired108 supply air temperature. On the casing of the AHU, there are pressure gauges installed at inlet point and the109 outlet point. The purpose of these gauges is to notice if there is any pressure drop across the AHU. A pressure110 drop indicates that the AHU requires maintenance. This can happen because of any sort of problem occurring111 at any component of the AHU112

4 | FAN SELECTION AND DESIGN113

For this analysis, the selection made to design the centrifugal fan is of Backward Inclined Curve blades. These114 are similar in design and performance to those with Airfoil Blades except for a moderate decline in mechanical115 efficiency and in the structural strength. The advantages of BI curve are that they are less costly in production116 as compared to the airfoil and also that they can tolerate somewhat higher temperatures and slightly dust-117

TECCIENCIA ● VOL.18 ● NO.35 ISSN:1909-3667(print) | 2422-3670 (electronic) Universidad ECCI
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laden gases118

F IG . 2 Typical AHU
Air-handling fans/wheels consist of a plate and a conical shroud. The wheel has a smaller diameter ratio119 d1/d2, narrower blades and steeper bade angles. The leading edge maybe slanted. These wheels are for120 handling air, gas, or fumes that are clean or slightly dusty. It usually have 10 BC blades, with blade angles of121 about 23o at the leading edge and about 57o at the blade tip. Mentioned below are the formulas that we used122 for the calculations of the basic parameters required to design this impeller123

b = 0.46d1 (1)
where b is the blade width, and d1 is the inner diameter of the wheel.124

tanβ = V1

V2
= 175 cfm

(d1)2b × rpm (2)
Where, β1 is angle between tangent of inner circle and the leading edge of blade, V1 is absolute velocity125 at the leading edge and V2 is blade velocity at the leading edge.126

cosβ1 = (d1/d2) cosβ2 (3)
Where, d2 is the out diameter of the wheel, β2 is angle between tangent of outer circle and the trailing127 edge of the blade.128 To support the selection the values were compared with the Air-handling centrifugal fans with BI blades129 to airfoil centrifugal fans. Below, the figure shows performance comparison between 26 1/8-inch AH unit130 and 27-inch airfoil centrifugal fan. Both the fans are running at 1160rpm. The following can be noted from131 the graph • The AH unit has steeper static pressure curve as compared to the airfoil centrifugal fan which132 results in less air volume but high maximum static pressure. • The maximum mechanical efficiency of AH unit133 is 79% which is lower than the 88% of airfoil centrifugal fan but still it is a very good efficiency. For design and134
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calculations the Aerovent Industrial Ventilation System catalogue 760 was followed. From the catalogue the135 values opted were from 122 BIUB fan for design parameters. BIUB denotes that the selection is of a Backward136 Inclined Belt Driven fan. The options for wheel diameter varied from 10.5 to 60. This category lies under the137 umbrella of HVAC general fans and can be selected as per the requirement. Our selection features flat blade138 inclined wheel which can be utilized in applications requiring high CFM at low or medium pressures. Attached139 below is a screenshot from the 760 catalogue140

F IG . 3 Aerovent Catalogue snapshot
From this table it was decided to gowith 1204 cfm, 1400 outlet velocity at 1 wg static pressure which gives141 1622 rpm and 0.32 bhp. The outer wheel diameter is mentioned at the top as wheel dia which is 12.25 inches.142 It was required to check for which value of inner diameter we get better mechanical efficiency. So the best143 way out was to apply hit and trial method to find out the best efficiency. For this we had to calculate the static144 pressure, velocity pressure, total pressure, air horsepower and mechanical efficiency at different diameters.145

F IG . 4 Results of calculations at different inner diameter
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F IG . 5 Double width double inlet Impeller
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F IG . 6 Blower Design

5 | COIL SELECTION AND DESIGN146

In finned coils, the external surface of the tubes is primary, and the fin surface is secondary. The primary surface147 generally consists of rows of round tubes or pipes that may be staggered or placed in line with respect to the148 airflow. Flattened tubes or tubes with other non-round internal passageways are sometimes used. The inside149 surface of the tubes is usually smooth and plain, but some coil designs have various forms of internal fins or150
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turbulence promoters either fabricated or extruded to enhance performance. The tubes are interconnected151 by return bends to form a serpentine arrangement (circuits). Cooling coils are made of aluminium fins and152 copper tubes. Common core tube outside diameters are 5/16, 3/8, 1/2, 5/8, 3/4, and 1 in., with fins spaced153 4 to 18 per inch. Tube spacing ranges from 0.6 to 3.0 in. on equilateral (staggered) or rectangular (in-line)154 centers, depending on the width of individual fins and on other performance considerations. Fins should be155 spaced according to the job to be performed, with special attention given to air friction. The primary surface156 that is the copper tube is mechanically expanded into the fin collars of the secondary surface. The mechanical157 expansion provides a permanent metal-to-metal bond for efficient heat transfer. Tubes are staggered in the158 direction of airflow The secondary surface which are the fins of the coil are corrugated plate type fins.159

F IG . 7 Coil Options for design

F IG . 8 Parts used to design the cross flow heat exchanger of AHU
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F IG . 9 Design of Cross Flow Heat Exchanger

6 | AHU DESIGN160

For the validation of the design, consultations were made with Coolmax International. All the calculations and161 results were provided to them which also consisted of all the selections and designs. The calculations were162 approved by their professionals. They then generated, by using their professional software a two dimensional163 design of an AHU. Fig 10 shows a design with different color bands representing the components inside the164 casing of the AHU165
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F IG . 10 2D design of AHU
The following color band represent different components of an AHU • The initial yellow color represent166 the filters. From the main view, the black lines inside the filter section represents the dampers. • The cyan167 color represents the heat exchanger with the blue color cylinders from the top view being the water links168

TECCIENCIA ● VOL.18 ● NO.35 ISSN:1909-3667(print) | 2422-3670 (electronic) Universidad ECCI



12 Gourav Kalra & Arun Kumar Gupta

connected to an AHU • The purple color represents the PU Insulations • The Green color represents two169 things. The is the panel door and the other thing is the motor which is connected with the fan via a belt • The170 yellow color which follows represents the blower of the AHU171

F IG . 11 AHU Specifications

7 | CONCLUSION172

In order to attain more efficiency with these selections, we can add further more components like an energy173 wheel for the heat recovery process. The requirement of HVAC systems will only keep on increasing and174 keeping in mind the energy consumption of this system we need to further work on the optimization of every175 component of it. Work should be done via mathematical modelling and by making this system smart. Smart176 in sense that we install IoT systems which keeps on monitoring such complicated equipment.177
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