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FOREWORD

Dear Friends,

On behalf of all the committee members of the Evaporative Cooling Standard, I am delighted to present the first-ever edition of Standard for Ducted & Non-Ducted Direct Evaporative Cooling Units. This standard focuses on guidelines and requirements of construction, performance testing, and operation & maintenance for rating direct evaporative air coolers. While developing the standard, the utmost care has been taken to adhere to the Quality Council of India’s Bureau of Indian Standard’s Standards Development Organization (SDO) recognition program requirement. and ISO Guide 59 guidelines.
The primary objective of this standard is to establish uniform rating and testing methods for direct evaporative coolers in India and thereby to promote the application of the evaporative cooling systems to meet the sustainability goals in the HVAC & R industry in line with the National Cooling Action Plan of India.
This standard is a result of the hard work and perseverance of the ISHRAE Technical Group F101 on the Evaporative Cooling System. I would like to thank all those who have contributed to the development of this standard by dedicating their time and efforts to background research and discussions in meetings and conference calls.
Your suggestions and feedback will help us emerge with the improved detailed edition of the document in the coming times. Please reach out to us for any recommendation and contribution to the standard.

Yours in ISHRAE
Nishant Gupta
Chair – Evaporative Air-Cooling Standard
ISHRAE  
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Standard for Ducted and Non-Ducted Commercial Direct Evaporative Air-Cooling Unit 
– General Requirements and Performance Testing

1. Scope:
This standard defines the constructional, performance and operational requirements, basic safety requirements and performance testing method for the electrically driven ducted and non-ducted, direct contact exchanger based evaporative air-cooling units suitable for rated voltage up to and including 250V, Single phase, 50 Hz A.C., and rated voltage up to and including 440 V, 3-phase, 50 Hz A.C., for human comfort application in commercial, and industrial facilities. 

This standard also defines the test method for evaporative cooling unit energy efficiency, cooling performance, acoustic performance, and water requirements.

1.1 Out of scope:
Following products are not covered by this standard.
a) Indirect, Multi-Stage, Hybrid evaporative cooling units
b) Spray / atomization cooling units
c) Specific process cooling systems, like cooling for textile, humidification, and others

2. References:
While developing this standard, a considerable amount of support is drawn from the following standards. The standards listed below contain provisions which through reference in this text, constitute provision of this standard. At the time of publication, the editions indicated were valid. All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below:

	Standard number
	Standard title

	IS 277
	Galvanized steel strips and sheets (plain and corrugated) — Specification 

	IS 696
	Polyvinyl chloride insulated unsheathed and sheathed cables/cords with rigid and flexible conductor for rated voltages up to and including 450/750V 

	IS 996
	Single phase a.c. industrial motors for general purpose

	IS 3854
	Switches for domestic and similar purposes — Specification 

	IS 9968
	Specification for elastomer insulated cables: Part 1 For working voltages up to and including 1100 V 

	IS 11951
	Pump set for desert coolers – Specification 

	IS 196
	Atmospheric conditions for testing

	IS 3315
	Evaporative air coolers (Desert Coolers) - Specification

	IS 3615
	Glossary of Terms used in refrigeration and Air conditioning

	ISHRAE RAMA Standard 10002
	Standard for Testing & Rating of Variable Refrigerant Flow Systems

	ISO 3745
	Acoustics — Determination of sound power levels and sound energy levels of noise sources using sound pressure — Precision methods for anechoic rooms and hemi-anechoic rooms

	IEC 60335-1
	Household and similar electrical appliances - Safety - Part 1: General requirements

	IEC 60335-2-88
	Household and similar electrical appliances – Safety – Part 2-88:
Particular requirements for humidifiers intended for use with heating, ventilation, or air conditioning systems

	ISO 5801
	Fans - Performance testing using standardized airways

	IS/IEC 60730-1
	[bookmark: _heading=h.exl6guvmoxgz]Automatic electrical controls - Part 1: General requirements



























2.1 Symbols, abbreviations, and units of measurement

	Symbols/
Abbreviations
	Description
	Unit

	Q
	Cooling capacity 
	W

	
	Air flow rate
	m3/h

	
	Density of standard air
	kg/m3

	
	Specific heat of moist air at constant pressure 
	kJ/kg K

	
	Saturation efficiency or evaporation efficiency of the cooling pad
	%

	
	Air inlet dry bulb temperature
	°C

	
	Air inlet wet bulb temperature
	°C

	
	Air outlet dry bulb temperature
	°C

	
	The mass flow rate of dry air
	kg/s

	
	Water evaporation rate
	kg/s

	
	Humidity ratio at the cooler inlet
	kg of water vapor/kg of dry air

	
	Humidity ratio at the cooler outlet
	kg of water vapor/kg of dry air

	COC
	Cycles of Concentration
	-

	DBT
	Dry Bulb Temperature
	°C

	WBT
	Wet Bulb Temperature
	°C

	WBD
	Wet Bulb Depression
	°C

	MCWB
	Mean Coincident Wet Bulb
	°C

	TDS
	Total Dissolved Solids
	mg/l

	EER
	Energy Efficiency Ratio
	W/W

	ECU
	Evaporative Cooling Unit
	-
















3. [bookmark: _Hlk158575999]Terms and definitions:
For the purpose of this standard, the terms given in IS 3615, and in addition following definitions listed below shall apply. 
3.1 Evaporative air cooling 
It involves the process of cooling air by evaporating water in the airstream. Air is cooled by direct contact with water through a wetted surface. The sensible heat of air converts to latent heat. The heat and mass transfer process between the air and water lowers the air dry bulb temperature at constant wet bulb temperature. 
NOTE: The term cooling unit is also used interchangeably throughout this document for Evaporative Cooling Unit (ECU), evaporative air cooler, and evaporative cooler.
3.2 Evaporative cooling unit (ECU)
A self-contained unit, including a fan and fan motor, evaporative cooling media, water management system, controls and other accessories essential for cooling of primary incoming air to be delivered into the conditioned space. The primary function of the unit is conversion of the sensible heat of unsaturated air to latent heat by directly passing over the evaporative cooling medium in the enclosure cooled by recirculating or non-recirculating water directly exposed to the incoming primary air.

3.3 Saturation efficiency
The extent to which the leaving air dry bulb temperature approaches the wet bulb temperature of entering air is expressed as saturation efficiency. It is also referred to as cooling efficiency or evaporation efficiency.
3.4 Adiabatic Saturation
Evaporating water into the air without external gain or loss of heat. Sensible heat in both air and water converts to latent heat in evaporated vapor. The air is cooled and humidified.
3.5 Evaporative cooling medium Pads
The evaporative interface material is provided by a medium which closely contacts air with water and lets air cool by water through direct evaporation. 
Note: The evaporative cooling medium is generally made of material such as special handling kraft paper, fiberglass, metal, or ceramic, which enhances the contacting surface between water and air. 
3.6 ECU airflow rate
The volume of air passing through the evaporative cooler in the unit time, expressed in cubic meters per hour (m3/h), corrected to standard temperature and pressure.
3.7 ECU outlet area
The gross inside area measured in the plane(s) of the outlet opening(s) of ECU.
3.8 ECU total power
The input power consumed by the evaporative cooling unit during cooling operation at rated condition. It is measured in Watts.
Note: Items that are required to be intermittently operated like any solenoid valve/drain valve etc shall not be included in total power.
3.9 ECU water flow rate 
It is the amount of water supplied per unit time to the ECU for cooling operation. The unit of measurement shall be litres per hour (l/h).
3.10 Wet-bulb depression
The difference between the dry-bulb and wet-bulb temperatures of an airstream. The unit of measurement shall be Degree Celsius (°C).
3.11 Primary outside air
Primary outside air is the ambient air entering the inlet of ECU.
3.12 Adiabatic humidification section
It is the section of evaporative cooler, where the supply air is cooled by humidification using an evaporative cooling medium. 
3.13 Primary outlet air
The evaporatively cooled air supplied to the conditioned space by the ECU. The evaporatively cooled air can be delivered into the conditioned space directly or through ducting. 
3.14 Sensible cooling capacity
Amount of sensible heat that evaporative cooler can displace across the inlet and outlet of the cooler in a defined interval of time. The unit of measurement shall be watt (W).
3.15 Water evaporative quantity
Amount of water, being evaporated through cooling pads while an evaporative cooling unit is functional. The unit of measurement shall be litre per hour (l/h).















4. Classification of evaporative cooling units:
ECUs are classified based on the method of the cooled air delivery into the conditioned space. 
a) Direct air delivery: Non-Ducted air coolers
b) Air delivery through the ducts: Ducted air coolers

4.1 Non ducted evaporative cooling units:
The ECU delivering the evaporatively cooled air directly from the ECU outlet to the required cooling space without the need for any further air distribution network systems are classified as ducted non-ducted ECUs. These non-ducted ECUs capacity is rated at free air delivery.

Note: The ECUs of higher air capacities are manufactured by suppliers as per buyers’ requirements.

4.2 Ducted evaporative cooling units:
The ECUs delivering the evaporatively cooled air through ducting into the conditioned space are classified as ducted ECUs. Ducted ECUs are typically used for industrial, commercial and large residential spaces.
Note: Ducted ECUs are generally customized to suit conditioned space requirements and are built to deliver air at various external static pressure requirement. Ducted ECUs are typically of air capacity ranging from 2000 m3/h to 50000 m3/h. The ducted ECUs are built to deliver larger air capacity based on the buyers’ requirement.

5. Construction:

5.1 General 
This section defines the generic construction requirement of the evaporative cooling units to deliver performance as intended.

A typical ECU consists of 
a. Cabinet or enclosure conforming to requirements in 5.1. 
b. Air management system as defined in ISO 5801 with the prime mover.
c. Evaporative cooling medium conforming to requirements in 5.1.2 
d. Water management system including tank and recirculation system conforming to requirements in 5.2.
e. The controls with user interface conforming to IS/IEC 60730-1

5.1.1 Materials used in the construction of enclosure shall comply with relevant Indian Standards wherever applicable, except where such requirements are modified by this standard. They shall be free from defects that are liable to cause undue deterioration or failure. Under normal conditions of use, the materials used shall not shrink, warp or cause odour and shall be resistant to attack by local vermin and destructive pests.

5.1.2 The external parts of non-metallic material shall comply with 30 of IS 302-1. The external parts of metallic material shall withstand minimum 96 h of salt spray test as per IS 9844.

NOTE — Based on the customer requirement as per different climatic condition across country, the minimum hours may be extended as per mutual agreement.

5.1.3 The design and assembly of the equipment shall be such that vibration does not cause rattling and loosening of parts and create excessive noise.

5.1.4 Parts which require service and replacement shall be interchangeable and readily accessible.

5.1.5 The body should be so designed that during normal working water shall not blow off, leak, or drip from air cooler.

5.1.6 The enclosure construction should have constructional strength enough for safe transportation without damage, installation, and functioning for the designed operational life.

5.1.7 The fan and other moving parts shall be balanced to operate with no abnormal vibration during normal operation of ECU.

5.1.8 The evaporative cooling media are made either from cellulosic paper (honeycomb construction) or other similar material and, also be made from a polymeric material, fiberglass, or ceramic.

5.1.9 Water tanks shall be provided with a suitable draining arrangement that could be manually or electronically electrically operated. Water distribution throttling, if employed, shall be mechanically or automatically operable. The water feeding arrangement shall be in such a way that water shall not fall out from the ECU and shall conform to the requirements as defined in Water drop test. (clause 6.6)

5.1.10 The front grill if provided shall be made of non-corrosive material with an arrangement for adjusting horizontal and vertical directional flow of air.

5.1.11 Filters shall be provided as per the buyer requirement. 

5.1.12 The ECU shall be provided with an accessible drain hole. The drain cock and drain cock cap shall be of non-corrosive material. 

5.2 The fan shall conform to ISO 5801 and fan motor shall conform to IS 996.

5.3 The pump set used in air coolers shall conform to IS 11951.

5.4 Wiring

5.4.1 Electrical wiring and connection shall conform to the requirements of IEC 60335-1. All electrical joints shall be electrically and mechanically secure. Where any cable, passes through metal holes, the metal edges, shall have no sharp edges. 
5.4.2 Power cable shall conform to IS 694 or IS 9968 (Part 1)


6. Rating and performance testing:
All equipment within the scope of this standard shall have the cooling capacities and energy efficiency ratios determined in accordance with the provisions of this standard and tested at rating conditions specified in Table 1. All tests shall be carried out in accordance with the test requirements and the test methods. All tests shall be conducted with the equipment functioning at full-load operation. The electrical input values used for rating purposes shall be measured during the cooling capacity test.

6.1 Air flow setting 
This section specifies airflow settings for ducted ECUs. ECUs intended to operate at an external static pressure of less than 25 Pa shall be tested as non-ducted units. 

6.2 Airflow Setting for Ducted ECUs
[bookmark: _heading=h.18n5dyomppoi]
6.2.1 General
The manufacturer shall specify the airflow rate. This air flow rate shall be for cooling operation and be expressed in cubic metres per hour (m3/h) of standard air conditions. Pfan is the estimated fan power required to circulate indoor air, in watts.
Note: the airflow rate shall be tested without air filter.
6.2.2 [bookmark: _heading=h.oti57i1hs7t0]Airflow Setting Procedure for Ducted ECUs
The airflow rate setting shall be made when only the fan is operating at an ambient temperature between 30 °C and 40 °C and a relative humidity between 30 percent and 70 percent. The airflow settings of the units shall be in accordance with Annexure A.
The rated airflow rate declared by the manufacturer shall be set and the resulting external static pressure, pe, (ESP) are measured. The measured ESP shall be larger than the ESP specified by the manufacturer of ECU. If the unit has an adjustable speed, it shall be adjusted to the speed that provides the rated ESP for rating.

6.2.3 [bookmark: _heading=h.q7exn5dvbbz1]ESP for rating
If the rated ESP specified the manufacturer gives less than the value specified by buyer, and larger than or equal to the 80 percent of the maximum ESP, the buyer specified ESP shall be used as the ESP for rating. The maximum ESP may be either specified by the manufacturer or derived/calculated from fan curves provided by the manufacturer.






6.3 Rating conditions
The following conditions shall be considered for the capacity rating and Energy Efficiency Ration calculations of evaporative coolers:
Table 1: Rating test conditions
	Parameter
	Unit 
	Standard condition

	Entering air temperature to evaporative cooling unit
	°C
	40.5

	Mean coinciding wet bulb temperature
	°C
	23.3

	Air flow setting
	
	As per clause 6.2 

	Test voltage
	V
	Table 2

	Test frequency
	Hz
	50


Note: All tests are done without filter
The saturation efficiency shall be measured at any given ambient temperature provided Wet Bulb (WB) depression is more than 11 °C. Saturation efficiency should be plotted on a psychrometric chart for design ambient condition (40.5°C DBT, 23.3°C WBT) to derive design supply air condition.
Table 2:  Voltages for Capacity and Performance Tests 
	Sl no.
	Rated (Nameplate) Voltagea
V
	Test Voltageb
V

	i)
	230
	230

	ii)
	240
	240

	iii)
	250
	250

	iv)
	220 to 250
	230

	v)
	400
	400

	vi)
	415
	415

	vii)
	400 to 440
	415 

	a   For equipment with dual-rated voltages such as 230/415, the test voltages would be 230 V in the first example, and 415 V in the second example. For equipment with an extended voltage range, such as 220 V to 240 V, the test voltage would be 230 V. Where the extended voltage range spans two or more of the rated voltage ranges, the mean of the rated voltages shall be used to determine the test voltage from the table.
Example:   For equipment with an extended voltage range of 200 V to 220 V, the test voltage would be 230 V, based on the mean voltage of 210 V.
b   The voltages in this table are for capacity and performance tests.



6.3.1 Rating Test Conditions
6.3.1.1 Preconditions
The test room reconditioning apparatus and the equipment under test shall be operated until equilibrium conditions are attained. Equilibrium conditions as required by 7.3 shall be maintained for not less than 1 h before rating test data are recorded.

6.3.1.2 Testing requirements
The test capacity shall include the determination of the sensible cooling, water evaporative quantity and energy efficiency ratio as determined on the indoor-side.

6.3.1.3 Duration of test
The data shall be recorded at equal intervals that span 1 min or less. The recording of the data shall continue for at least a 70 min period during which the tolerances specified in 7.3 shall be met.

6.3.1.4 Compliance
a) The sensible cooling capacity and saturation efficiency shall not be less than 95 percent of the rated capacity.
b) Input power shall not be higher than +8% of the value as specified by the manufacturer. 
c) The EER shall not be lower than 90% of the nominal value as specified by the manufacturer. 
Note: The saturation efficiency shall be measured at any given ambient temperature provided Wet Bulb (WB) depression is more than 11 °C. Saturation efficiency should be plotted on a psychrometric chart for design ambient condition (40.5°C DBT, 23.3°C WBT) to derive design supply air condition.

6.4 Energy Efficiency Ratio calculation:

Where,
EER = Energy efficiency ratio, W/W
S = Sensible cooling capacity, W
W = Power input, W


Where,
S = Sensible cooling capacity, W
Q = Airflow, m3/h
ρ = The density under normal atmospheric pressure, kg/m3 (refer to the note1 below)
Cp = Air specific heat capacity, kJ/kgK (1.024 kJ/kgK) (refer to the note1 below)
Ti = Dry-bulb temperature of air inlet, °C
To = Dry-bulb temperature of air outlet, °C

Note 1:
1. For the calculation of sensible cooling capacity, the value of the air specific heat capacity (Cp) and air density (ρ) will be impacted by elevation and temperature.
2. The specific heat capacity is based on the following:
Humidity ratio = 0.01
Cp (dry air) = 1.006 kJ/kg.K
Cp (water vapour) = 1.84 kJ/kg.K
3.    The air density for is calculated using the following equation:


Where,
P = Ambient Pressure
z = Elevation above sea level (m)
R = Gas Constant = 287.05 J/kg K
T = Arithmetic mean of inlet and outlet dry-bulb temperature, °C

6.5 Saturation Efficiency:
 
 = Saturation efficiency or evaporation efficiency of the cooling pad in %
 = Air inlet dry bulb temperature, °C
 = Air outlet dry bulb temperature, °C
 = Air inlet wet bulb temperature, °C

The assumptions used for sample EER calculation are mentioned below in Table 3:
Table 3: Assumptions for EER calculations 
	Evaporative Air Cooler
	Twi-WBT  (℃)
	Ti-DBT (℃)
	Q-Air Flow (m3/h)
	Power (W)
	𝑒-Saturation Efficiency
	ρ-Air Density  (kg/m3)
	Cp-Specific Heat (kJ/kgK)

	
	23.3
	40.5
	12000
	1100
	80%
	1.20
	1.024



The evaporation/saturation efficiency is calculated as follows: 
 
 
T𝑜 = 40.5−80(40.5−23.3)
T𝑜 = 26.74


The Sensible cooling capacity is calculated as follows: 




   = 56360.96 

Therefore, the EER will be as follows:
EER = S/W                  
EER = 56360.96/1100                  
EER = 51.24  
        


        
6.6 Water Consumption:
6.6.1 Water evaporation rate  

Where,
 = mass flow rate of dry air (kg/s)
= water evaporation rate (kg/s)
 = humidity ratio at the cooler inlet (kg of water vapor/kg of dry air)
 = humidity ratio at the cooler outlet (kg of water vapor/kg of dry air)


6.6.2 Bleed-off rate

Where,


6.7 Acoustic performance level: 
The sound power pressure level shall be measured as per ISO 3744 and shall not be higher than 3dBA of manufactured declared value.

6.8 Water drop test (applicable for non-ducted ECUs only): 
The horizontal louver of the air inlet grill on room side shall be set to horizontal and vertical louver to be vertical.  Fan shall be set to operate at highest air speed. A blotting paper shall be set on the level ground along ECU. The width and length of blotting paper shall be minimum 500 mm longer than the length of each side of ECU. Run the ECU at rated condition for 30 min. At the end of 30 minutes there shall be no water spots on the blotting paper.

6.9 Leak-proof performance test
6.9.1 Leak-proof test – Normal operating condition:
The ECU shall be installed as per the manufacturer’s instructions. The water sump shall be filled with water till the manufacturer specified level or quantity. The ECU shall be inspected for any leaks after 24 hours of water filling. The leakage shall be checked by visual inspection or using blotting paper. There shall be no water leak.

6.9.2 Inclined installation leak-proof test: 
The ECU shall be installed as per the manufacturer’s instructions. The water sump shall be filled with water till the manufacturer specified level or quantity. The ECU shall then be tilted by 10 degree angle on all four sides for minimum of 5 minutes and checked for any water leakage by visual inspection or using blotting paper. There shall be no leakage of water. 



7. TEST METHODS AND UNCERTAINTIES OF MEASUREMENT
7.1 Test Methods
7.1.1. General
Capacity tests shall be conducted in accordance with the testing requirements specified in Annex B using the indoor air enthalpy test method.
Steady-state conditions are achieved when the measured capacity at each 5-min time interval does not vary by more than 2.5 percent from the average measured capacity over the previous 35 min.

7.2  Uncertainty of Measurement
7.2.1	The uncertainty of measurement shall not exceed the values specified in Table 4.

Table 4 Uncertainties of Measurement
	Sl no.
	Measured quantity
	Uncertainty of measurementa

	i)
	Water:
—   temperature
—   temperature difference
—   volume flow
—   static pressure difference
	 
0.1 K
0.1 K
1 percent
5 percent

	ii)
	Air:
—   dry-bulb temperature
—   wet-bulb temperature greater than 0 °C
—   volume flow
—   static pressure difference
	 
0.2 K
0.2 K
0.3 K
5 percent
5 Pa for pressure ≤100 Pa
5 percent for pressure >100 Pa

	iii)
	Electrical measurements
	0.5 percent

	iv)
	Time
	0.2 percent

	v)
	Mass
	1.0 percent

	
	
	

	
	
	

	NOTE- Uncertainty of measurement comprises, in general, many components. Some of these components may be estimated on the basis of the statistical distribution of the results of a series of measurements and can be characterized by experimental standard deviations. Estimates of other components can be based on experience or other information. 
a   Uncertainty of measurement is an estimate characterizing the range of values within which the true value of the measurement lies, based on a 95 percent confidence interval 



7.3 Test Tolerances for the rating tests
7.3.1 The maximum permissible variation of any individual observation from a specific test condition during a steady-state sensible cooling capacity test is listed in Table 5. If a test condition is not specified, the values in Table 5 represent the greatest permissible difference between maximum and minimum instrument observations during the test. When expressed as a percentage, the maximum allowable variation is the specified percentage of the arithmetical average of the observations.

Table 5 Variations Allowed During Steady-State Sensible Cooling Capacity Tests
	Sl no.
	Reading
	Variations of arithmetical
mean values from specified
test conditions
	Maximum variation
of individual readings from
specified test conditions

	i)
	Temperature of air entering
indoor-side:
—   dry-bulb
—   wet-bulb
	 
±0.3 K
±0.2 K
	 
±0.5 K
±0.3 K

	ii)
	Temperature of air entering
outdoor-side:
—   dry-bulb
—   wet-bulb
	 
±0.3 K
±0.2 K
	 
±0.5 K
0.3 K

	iii)
	Voltage
	±1 percent
	±2 percent

	iv)
	Air volume flow rate
	±5 percent
	±10 percent 



7.3.2 The maximum permissible variations of the average of the test observations from this document or specified test conditions are show in Table 5.
7.3.3 For sensible cooling capacity tests, the dry-bulb and wet-bulb temperatures of the air entering the indoor-side and outdoor side shall be sampled at equal intervals spanning 30 s or less throughout the preconditioning and data collection periods. 

8. TEST RESULTS
8.1 Capacity test result
8.1.1 General
The results of a capacity test shall express quantitatively the effects produced upon air by the equipment being tested. For given test conditions, the capacity test results shall include the following quantities as are applicable to cooling or heating:
a) Sensible cooling capacity, in watts.
b) Indoor-side airflow rate, in cubic metres per second of standard air. 
c) External resistance to indoor airflow, in Pa; and
d) Effective power input to the equipment or individual power inputs to each of the electrical equipment components, in watts.

8.1.2 Adjustments
Test results shall be used to determine capacities without adjustment for permissible variations in test conditions. Air enthalpies, specific volumes and isobaric specific heat capacities shall be based on the measured barometric pressure. If capacity, adjusted for standard barometric pressure is additionally reported an explanation of the adjustment method shall be included in the report.



8.1.3 Sensible Cooling Capacity Calculations
8.1.3.1 An average sensible cooling capacity shall be determined from the set of sensible cooling capacities recorded over a data collection period of at least 30 min.
8.1.3.2 An average electrical power input shall be determined from the set of electrical power inputs recorded over the data collection period or from the integrated electrical power for the same interval in cases where an electrical energy meter is used.

8.2 Data to be recorded.
The data to be recorded for the capacity tests are given in Table 6 The tables identify the general information required but are not intended to limit the data to be obtained. Electrical input values used for rating purposes shall be those measured during the sensible cooling capacity tests.

Table 6 Data to be Recorded for Sensible Cooling Capacity Tests
	Sl No.
	Data

	(1)
	(2)

	i)
	Date

	ii)
	Observers

	iii)
	Barometric pressure, in kPa

	iv)
	Time of tests

	v)
	Power input to equipment, in W

	vi)
	Energy input to equipment, in Wh

	vii)
	Applied voltage(s), in V

	viii)
	Total current input to equipment, in A

	ix)
	Frequency, in Hz

	x)
	External resistance to airflow for each indoor unit, in Pa

	xi)
	Fan speed setting 

	xiii)
	Dry-bulb temperature of air entering equipment, in °C

	xiv)
	Wet-bulb temperature of air entering equipment, in °C

	xv)
	Dry-bulb temperature of air leaving measuring device, in °C

	xvi)
	Wet-bulb temperature of air entering measuring device, in °C

	xviii)
	Volume flow rate of air and all relevant measurements for its calculation, in m3/s



8.3 Test Report
8.3.1 General Information
As a minimum, the test report shall contain the following general information:
a) A reference to this document, i.e. ISHRAE 20001: 2024
b) Date of test and/or test period.
c) Name of the testing laboratory.
d) Location/complete address of the test laboratory.
e) The primary test and confirming test methods.
f) Name of the testing personnel.
g) Testing conducted under the supervision of.
h) A description of the test setup, including equipment location.
i) The nameplate information (see 9.2); and
j) Accreditation as per ISO/IEC 17025 by a national accreditation body. 
8.3.2 Rating Test Results
The values reported shall be the mean of the values taken over the data collection period and shall be stated with an uncertainty of measurement at a confidence level of 95 percent.

8.3.3 Performance Tests
The test report shall indicate whether the test passed or failed based upon recorded data.
For all performance tests relevant information shall be recorded to show the specific requirements for each test has been met. This shall be as a minimum the data requirements of Table 6 recorded at least once every 5 min, and additionally.

9. MARKING PROVISIONS
9.1 Nameplate Requirements
The Evaporative Cooling Unit shall have a durable nameplate firmly attached to it and in a location accessible for reading. The markings required by this standard shall be clearly legible and durable.
Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a piece of cloth soaked with water and again for 15 s with a piece of cloth soaked with petroleum spirit. The petroleum spirit to be used for the test is aliphatic solvent hexane.
After all the tests of this standard, the marking shall be clearly legible. It shall not be easily possible to remove marking plates, nor shall they show curling.
NOTE In considering the durability of the marking, the effect of normal use is taken into account. For example, marking by means of paint or enamel, other than vitreous enamel, on containers that are likely to be cleaned frequently, is not considered to be durable.

9.2  Nameplate Information
The nameplate shall provide the following minimum information in addition to the information required in international safety standards:
a) The manufacturer's name or trademark.
b) Manufacturing date (mm/yyyy)
c) Any distinctive type or model designation and serial number.
d) The rated voltage or voltage range (s).
e) The rated supply frequency.
f) Rated Air flow, f) Rated power (kW)
g) Rated Sensible Cooling capacity. 
h) Sensible cooling efficiency, and
i) k) Country of manufacturer.







10. TYPE OF TESTS
10.1 Routine Test
Each unit shall be tested as defined in Table 7. 

10.2 Acceptance Test
The number of samples to be tested for acceptance testing shall be mutually agreed upon by the manufacturer and purchaser. If one of the samples is rejected, inspect a double quantity of evaporative cooling unit samples during the sampling inspection. The acceptance criteria shall be as per Table 7, or agreed upon between the manufacturer and purchaser. 

10.3 Type Test
The type test shall include all tests required to verify the performance and characteristics of the units and components. Type test must be performed in the following situations:
a) Trial-manufacture of a new product.
b) Significant changes in design, technology, or materials. 
c) Resumption of production after a one-year or longer hiatus. 
d) Regular inspection for batch/mass production, once per year at least.
Table 7: Test matrix
	No.
	Items
	Routine test
	Acceptance test
	Type test

	1
	Start & running
	Yes
	Yes
	

	2
	Water Leak test
	
	
	

	3
	Insulation resistance
	
	
	

	4
	Withstanding voltage
	
	
	

	5
	Ground protection
	
	
	

	6
	Appearance
	
	
	

	7
	Preventing water carry-over
	Not required
	
	

	8
	
	
	
	

	9
	Airflow
	
	
	

	10
	Static pressure of outlet*
	
	
	

	11
	Power input (W)
	
	
	

	12
	Evaporative efficiency
	
	
	

	13
	Sensible cooling capacity
	
	
	

	14
	Sound pressure level
	
	
	

	15
	
	
	
	

	16
	
	
	Not required
	

	17
	EER
	
	
	

	18
	Drop test
	
	
	









ANNEX A
AIRFLOW SETTINGS FOR DUCTED UNITS
A-1   GENERAL
Two methods of airflow settings are applicable:
a) Fixed duct resistance method; and
b) Adjusted exhaust fan setting method.
Both methods with their respective test apparatus are described in this annex.
To measure the static pressure of the discharged air from the ducted equipment, a measuring duct is connected to the duct flange of the equipment. This measuring duct is used for both methods. If the dimensions of the outlet duct section are A and B, the equivalent diameter, De, is determined using eq. 1.

………………………….. Equation	(1)
If the outlet duct is circular in section with diameter D, the equivalent diameter De is equal to D.
The length of the measuring duct, Ld, needs to be no smaller than 2.5De. The static pressure taps should be located at the distance Lm = 2De from the outlet flange.

A-2 TEST METHOD
A-2.1	The flow setting of the units shall be by means of the fixed duct resistance method as shown in Fig.3 or the adjusted exhaust fan setting method as shown in Fig. 4.
A-2.2	The static pressure measurement taps shall be arranged as shown in Fig.3 and Fig. 4. The unit under test shall be operated without the compressor running.
A-2.3	Airflow measurements should be made in accordance with the provisions specified in Annex C, as appropriate, as well as other provisions established in this document.
A-3     FIXED DUCT RESISTANCE METHOD
A-3.1 General
A measuring duct shall be connected to the test unit and a damper installed on the opposite end of the measuring duct, to which a discharge chamber is connected. The discharge chamber shall have sufficient cross-sectional dimensions so that airflow velocities along the wall surface at the static pressure tap as shown in item 4 of Fig. 2 is 1.25 m/s or less. The minimum length of the discharge chamber in the flow direction J is 2De.
NOTE –The setup of the test unit, measuring duct and discharge chamber is illustrated in Fig 3.

A-3.2 Test Procedure
A-3.2.1 Test Conditions
The temperature and humidity conditions of the test room shall be within the range specified in 5.2. The test unit shall be operated. The damper shall be adjusted so that the rated airflow rate in standard air is obtained. At the same time, the airflow rate of the airflow measuring apparatus shall be adjusted so that static pressure in the discharge chamber is 0.0 ± 2 Pa. The above conditions shall be maintained for at least 1 h. External static pressure shall be maintained per Table A.1.






Table A.1 Variations Allowed During Blowing Test
(clause A-3.2.1)
	Sl no.
	Reading
	Variation of Arithmetical Mean
Values from Specified Test Conditions
	Variation of Individual Readings from Specified Test Conditions

	
	
	≤100 Pa
	>100 Pa
	≤100 Pa
	>100 Pa

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	i)
	External static pressure (ESP)
	±0.5 Pa
	±5 %
	±0.10 Pa
	±10 %


[image: 15042_ed2figA1]
Key
	1
	airflow measuring apparatus
	J
	minimum length

	2
	exhaust fan
	Ld
	length of the measuring duct

	3
	manometers
	Lm
	distance to static pressure taps

	4
	static pressure taps of discharge chamber
	pe
	ESP of the equipment under test

	5
	equipment under test
	
	

	6
	damper
	
	

	7
	discharge chamber
	
	


Fig.3 — Fixed Duct Resistance Method Setup









A-4  ADJUSTED EXHAUST FAN SETTING METHOD
A measuring duct shall be connected to the test unit and an airflow measuring apparatus connected to the opposite end of the measuring duct.
NOTE: The setup of the test unit, measuring duct and airflow measuring apparatus is shown in Fig. 4.

A-4.1 Test Procedure
The temperature and humidity conditions of the test room shall be within the range specified in 5.2. The test unit is operated in the blowing mode without the compressor running. The airflow measuring apparatus shall be adjusted so that the rated airflow rate in standard air is obtained. The above conditions shall be maintained for at least 1 h. External static pressure shall be maintained per Table A.1
A-4.2 Blowing test
The dry- and wet-bulb temperatures of the inlet air, airflow rate, ESP, pe, dry- and wet-bulb temperatures in front of the nozzle, and barometric pressure shall be measured. The measured airflow rate, qm, shall be calculated according to equation C.3. The measured airflow rate, qm, shall be converted into the standard flow rate, qs. See formula C.8.

A-4.3 Calculation of the value of C
Calculate the value of C from equation A.2.

	(A.2)
Where,
	 
	pm
	is external static pressure at the measuring duct (in Pa), especially for blowing test using adjusted exhaust fan setting method, and pm is considered to be equal to the external static pressure, pe.



A-4.4 Evaluation
The ESP, pe, shall be that specified by 5.2.
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	airflow measuring apparatus
	Ld
	length of the measuring duct

	2
	exhaust fan
	Lm
	distance to static pressure taps

	3
	manometers
	pe
	ESP of the equipment under test

	4
	equipment under test
	pm
	external static pressure at the measuring duct, especially for blowing test using adjusted exhaust fan setting method

	5
	nozzles
	
	

	
	
	
	


Fig.4 - Adjusted Exhaust Fan Setting Method Setup



A-5  Capture hood method


A-6 Pitot tube method













ANNEX B 
TEST REQUIREMENTS

B-1	GENERAL TEST ROOM REQUIREMENTS

B-1.1	The test room shall be of sufficient volume and shall circulate air in such a manner that it does not change the normal air circulating pattern of the equipment under test. It shall be of such dimensions that the distance from any room surface to any equipment surface from which air is discharged is not less than 1.8 m and the distance from any other room surface to any other equipment surface is not less than 1.0 m, except for floor or wall relationships required for normal equipment installation.  A typical test room set up shall be as given in figure B1 and Figure B2


[image: ]
[image: ]

B-2		EQUIPMENT INSTALLATION
B-2.1	The equipment to be tested shall be installed in accordance with the manufacturer's installation instructions using recommended installation procedures and accessories. If the equipment can be installed in multiple positions, all tests shall be conducted using the least favourable configuration according to the manufacturer’s recommendation. In all cases, the manufacturer's recommendations with respect to distances from adjacent walls, number of extensions through walls, etc. shall be followed.
B-2.2	No other alterations to the equipment shall be made except for the attachment of the required test apparatus and instruments in the prescribed manner.

B-3	   STATIC PRESSURE MEASUREMENTS ACROSS Evaporative air cooling unit
B- 3.1 Equipment with a Fan and a Single Outlet
B-3.1.1	A short plenum shall be attached to the outlet of the equipment. This plenum shall have cross-sectional dimensions equal to the dimensions of the equipment outlets. A static pressure tap shall be added at the centre of each side of the discharge plenum, if rectangular, or at four evenly distributed locations along the circumference of an oval or round plenum. These four static pressure taps shall be manifolded together. The minimum length of the discharge plenum and the location of the static pressure taps relative to the equipment outlets shall be as shown in Fig. B.1 5.
B-3.1.2	A short plenum should be attached to the inlet of the equipment. If used, the inlet plenum shall have the same cross-sectional dimensions as the equipment inlet. In addition, four static pressure taps shall be added and manifolded together. This plenum should otherwise be constructed as shown for the inlet plenum in Fig. B.2 6, if testing a single-package unit, and as shown in Fig. B.3 7, if testing a split-system.
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	1
	manometer

	2
	exhaust plenum

	3
	equipment under test

	4
	static pressure taps

	a
	To airflow measuring apparatus.



NOTE-A and B dimensions of equipment under test.
Fig. B.1 5 — ESP Measurement
	[image: 15042_ed2figB2a]

	a)

	[image: 15042_ed2figB2b]

	b)


Key
	1
	equipment under test — single package unit

	2
	static pressure tap, inlet (4 required)

	3
	static pressure tap, outlet (4 required)



NOTE – For circular ducts with diameter, D, substitute πD2/4 for (A × B) or (C × D).


ANNEX C
AIRFLOW MEASUREMENT
C-1		AIRFLOW DETERMINATION
C-1.1	Airflow should be measured using the apparatus and testing procedures given in this annex.
C-1.2	Airflow quantities are determined as mass flow rates. If airflow quantities are to be expressed for rating purposes in volume flow rates, such ratings should state the conditions (pressure, temperature and humidity) at which the specific volume is determined.

C-2  AIRFLOW AND STATIC PRESSURE
The area of a nozzle, An, should be determined by measuring its diameters to an accuracy of ± 0.2 percent in four locations approximately 45° apart around the nozzle in each of two places through the nozzle throat, one at the outlet and the other in the straight section near the radius.
C-3	 NOZZLE APPARATUS
C-3.1	Nozzle apparatus, consisting of a receiving chamber and a discharge chamber separated by a partition in which one or more nozzles are located (see Fig.C.1 8). Air from the equipment under test is conveyed via a duct to the receiving chamber, which passes through the nozzle(s), and is then exhausted to the test room or channelled back to the equipment's inlet.
The nozzle apparatus and its connections to the equipment's inlet should be sealed such that air leakage does not exceed 1.0 percent of the airflow rate being measured.
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Key
	1
	discharge chamber
	7
	apparatus for differential pressure measurement

	2
	exhaust fan
	8
	adaptor duct (see C.5.1)

	3
	diffusion baffle
	Dn
	nozzle throat diameter, mm

	4
	Pitot tube (optional)
	a
	Diffusion baffles should have uniform perforations, with approximately 40 % of free area.

	5
	Nozzle
	
	

	6
	receiving chamber
	b
	Airflow.


Fig. C.1 8 — Airflow Measuring Apparatus
The centre-to-centre distance between nozzles in use should be not less than three times the throat diameter of the larger nozzle, and the distance from the centre of any nozzle to the nearest discharge or receiving chamber side wall shall not be less than 1.5 times its throat diameter.
C-3.2	Diffusers, installed in the receiving chamber shall be at a distance of at least 1.5 times the largest nozzle throat diameter upstream of the partition wall and in the discharge chamber at a distance of at least 2.5 times the largest nozzle throat diameter downstream of the exit plane of the largest nozzle.
C-3.3	Exhaust fan, capable of providing the desired static pressure at the equipment's outlet; shall be installed in one wall of the discharge chamber and means should be provided to vary the capacity of this fan.
C-3.4	Manometers shall be used for measuring the static pressure drop across the nozzle(s). One end of the manometer shall be connected to a static pressure tap located flush with the inner wall of the receiving chamber and the other end to a static pressure tap located flush with the inner wall of the discharge chamber, or, preferably, several taps in each chamber shall be connected to several manometers in parallel or manifolded to a single manometer. Static pressure connections shall be located so as not to be affected by airflow. Alternatively, the velocity head of the air stream leaving the nozzle(s) may be measured by a Pitot tube as shown in Fig. C.1 8, but when more than one nozzle is in use, the pitot tube reading should be determined for each nozzle.
C-3.5	Means for Determining the Air Velocity at the Nozzle Throat
C-3.5.1	The throat velocity of any nozzle in use should be not less than 15 m/s and not more than 35 m/s.
C-3.5.2	Nozzles shall be constructed in accordance with Fig. C.2 9, and applied in accordance with the provisions of C-5.3 and C-3.5.4.
C-3.5.3	Nozzle discharge coefficients, Cd, for the construction shown in Fig C.2 9, which have a throat-length-to-throat-diameter ratio of 0.6, may be determined using the equation C.1 3.

	(3)
for Reynolds numbers, Re, of 12 000 and above.
The Reynolds number is defined as in equation C.2 4:

	(4)
where
	 
	va
	is the mean airflow velocity at the throat of the nozzle;

	 
	Dn
	is the diameter of the throat of the nozzle;

	 
	v
	is the kinematic viscosity of air.



C-3.5.4	Nozzles may also be constructed in accordance with appropriate standards if any, provided they can be used in the apparatus described in Fig C.1 8 and result in equivalent accuracy.
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Fig C.2 9- Airflow Measuring Nozzle
C-4		STATIC PRESSURE MEASUREMENTS
C-4.1	The pressure taps should consist of (6.25 ± 0.25) mm diameter nipples soldered to the outer plenum surfaces and centred over 1 mm diameter holes through the plenum. The edges of these holes should be free of burrs and other surface irregularities.
C-4.2	The plenum and duct section shall be sealed to prevent air leakage, particularly at the connections to the equipment and the air-measuring device, and should be insulated to prevent heat leakage between the equipment outlet and the temperature measuring instruments.
C-5  DISCHARGE AIRFLOW MEASUREMENTS
C-5.1	The outlet or outlets of the equipment under test shall be connected to the receiving chamber by adapter ducting of negligible air resistance, as shown in Fig C.1 8.
C-5.2	To measure the static pressure of the receiving chamber, a manometer should have one side connected to one or more static pressure connections located flush with the inner wall of the receiving chamber.
C-6	   INDOOR-SIDE AIRFLOW MEASUREMENTS
C-6.1	The following readings shall be taken:
a)	Barometric pressure;
b)	Nozzle dry and wet-bulb temperatures or dew point temperatures; and
c)	Static pressure difference at the nozzle(s) or, optionally, nozzle velocity pressure.


C-6.2	Air mass flow rate, qm, through a single nozzle is determined using the equation C.3 5:

	(C.3 5)
Where, pv is the velocity pressure at the nozzle throat or the static pressure difference across the nozzle.
The expansion factor, Y, is obtained using the equation C.4 6:
Y = 0.452 + 0.548α 	(C.4 6)
The pressure ratio, α, is obtained using the equation C.5 7:

	(C.5 7)
Air volume flow rate through a single nozzle is determined using the equation C.6 8:

	(C.6 8)

Where,  is calculated using the equation C.7 9:

	(C.7 9)
Where, Wn is the specific humidity at nozzle inlet.
Air volume flow rate expressed in terms of standard air, qs, is calculated by the equation C.8 10:

	 (C.8 10)
C-6.3	Airflow through multiple nozzles may be calculated in accordance with C-6.2, except that the total flow rate is then the sum of the qm or qv values for each nozzle used.






















Annexure – D
(Informative)
Water consumption
Introduction
Water is integral to the operation of evaporative coolers. There are 4 areas where it is important to know more about the type and quality of water:
1. Make-up water
2. Corrosion due to water and its impact on the life of the equipment
3. Amount of water consumed
4. Standardized test conditions of the equipment
Show schematic of the evaporative cooling system indicating make-up water, evaporative cooler, and discharge. Define/explain these terms unambiguously. Explain how water quality changes in the sump with use.






























Annexure – E
(Informative)
OPERATIONAL REQUIREMENTS (Ducted/Non-ducted)

E1.    Standard Operation & Maintenance Aspects
E1.1   Overall Maintenance Aspects 
a) For ease of maintenance proper and adequate space must be left around the unit.
b) Units must be installed on a flat and firm foundation. Any unevenness leads to improper fitting of all connecting parts.
c) Utmost care should be taken while lifting / shifting material to its desired location. 
d) Avoid twisting or uneven lifting of materials. 
e) In the case of a ceiling-mounted Evaporative Cooling Unit (ECU) where the unit is suspended with the help of tie rods, periodic checking for the intactness of tie rod arrangements needs to be done. This is required to ensure that the tie rod can support the operating weight of the whole unit. 
f) The maintenance frequency may vary depending upon the cleanliness of the operating environment and the operating schedule of the unit.
g) It should be kept in mind that in any ECU, the fan is selected to give airflow against a certain pressure. Any element, which tends to change the operating point, such as dirty filters or blocked air grilles, will lead to poor operation of the installation. 
E1.2    Dampers
a) In case the damper is fixed above the air outlet then it should be placed in such a way that it can be easily operated. If dampers are coupled, friction locking and proper functioning of linkage, i.e. rotational direction and end position of dampers to be checked. The fan should not be switched off before checking that an appropriate damper is open or in the closed position. The gasket should be fixed on both sides of the damper to prevent air leakages. 
b) Damper Maintenance 
· Check dampers for functioning, fouling, damage and corrosion.
· Clean dampers and remove any damaged blade or corrosion.
· Check for easy movement of the linkage.
· Check adjustment.
· Dampers with plastic gear drives are maintenance-free. Do not oil or grease.
· Check proper tightening of all screws and connections.
E1.3 Fan & V-Belt 
It needs to be ensured that the pre-fitted drive (pulley) set should always face the access door side location, both for centrifugal fan and electric motor for ease in access and maintenance. 
E1.3.1 During operation
a) Do not exceed maximum fan speed as per given data. 
b) Do not operate the fan if there are abnormal vibrations and noise. 
c) Check v-belt drive and adjust if necessary, belt tension and alignment of belts. 
d) If one or more v-belts fail in multiple groove drives, remove all old and worn-out belts and replace them with a new set of belts.


E1.3.2 Maintenance aspects 
For Fans and Belt-drive, the following aspects need to be taken into account for carrying out maintenance work. 
a) For fans,
· Check for any fouling, damage, corrosion, and fastening 
· Check the impeller for imbalance and vibrations. 
· Clean the fan and remove any particles if there. 
b) For Belt-drive 
· Replace belt set. 
· Adjust the alignment of the fan and motor pulley. 
· Adjust belt tension. 
· Clean belt drive. 
· Check for any fouling, damage, corrosion. 

E1.4 Air Volume Check and Measurement
In the case of a ducted system, while doing air balancing, the unit’s air volume should be measured and compared with its rated air volume. Though the unit is designed for varying air volume, the actual air volume should be known for making final adjustments. The most accurate way to measure the air volume is by using the pilot traverse method in the ductwork away from the blower. Other methods can be used but they should be proven and accurate. 

E1.5 Filter section
Filters should be installed as per their pre-designed size to fit in the unit. They are fitted in the general channel type construction. For fixing of fine filters, box-type channel structures generally pre-fabricated in the factory, are provided in the unit. Initially, the unit must run for some time without a fine filter because there are chances of getting choked by dust and other foreign particles, which are not minutely cleaned in return for air ducting or inside the unit. This will lower down the filter efficiency and thus create more resistance to airflow and would disturb the desired airflow. The fine filter can be installed after the area is fairly cleaned. As a good practice, a fine cotton cloth on the pre-filter would protect it from initial dust. To maintain the velocity of air across filters, they must be cleaned or replaced as required. 

E1.6 Humidifier Chamber
In this chamber, primarily the makeup water tank is installed. After it is installed in its marked place, the water droplet separators are installed, and after that humidifying pad are fitted on the prefabricated fixture. The droplet separator should always be on the fan side/air leaving side. The water pump should be properly connected to the piping without any leakages. The drain should be properly connected to avoid making the floor and surrounding area wet. Cleaning at regular intervals is suggested because if any outside particle is choked in the outlet of the nozzle, it will hinder the spray of water and thus, creating a blank hole and thus decrease the efficiency.

E1.7 Cooling pad
a) Reduce the number of on-off cycles.
b) Shade the pads and sump.
c) Dry the pads out completely once every 24 hours.
d) Maintain suitable water to bleed off.
e) Drain and disinfect the entire water distribution system quarterly.
f) Avoid harmful contaminants, including dust, fumes, harsh cleaners, and water treatment chemicals.
g) Run the recommended quantity of water over the pads.
h) Avoid dry areas on the pad.
i) Stop annoying leaks in the water distribution system.
j) Clean the water filters regularly.
E1.8 Methods of controlling scale
Scale and mineral deposits form on the face of the cooling pad because the mineral content in the water is too high. 
a) Increase the flow of water over the face of the pad. 
b) Make certain the flow of water is even from one end of the distributor pipe to the other.
c) Clean and flush the distributor pipe regularly, especially if dry areas appear on the face of the pad.
d) Maintain the pH of harder water between 6 and 8.
e) Use plenty of bleed–off.
E1.9 Controlling scale and dirt in evaporative pads: water distribution
Proper water distribution is the single most important way of prolonging pad life. The water will flush away dirt and contaminants which may be harmful to the pad. Areas ‘starved’ for water will be the first to clog or soften.
a) Check the pressure in the distribution pipe. Most distribution systems consist of a perforated plastic pipe with holes directed at a splash plate. If the pressure is low, the water will not break up at the splash plate. Thus, streaking and dry areas will occur.
b) Check for adequate water flow. Adjust the flow until there are no dry streaks. When the pads are operating properly, they will be thoroughly wetted with a visible flow of water trickling down the flutes. Most of the water will pass over the pad and be returned to the sump. If there is little water running out the bottom of the pad, the dirt and minerals are not being flushed. 
c) The distributor pipe must be level. If more than one pad wall is fed by the same pump they must be carefully balanced with valves. The distributor pipe operates at relatively low pressure. When the cover is removed to expose the pipe, notice that the water jets only a few inches into the air. If one end of the pipe is lifted, the flow at the high end decreases.
d) Check for clogged holes in the distributor pipe. The simplest way to clean the holes is to install a ball valve or threaded end cap at the end of each distributor pipe. While the pump is running, open the valve and allow the water to flush the dirt and debris from the pipe. Usually, the first signs of blockage will be at the end of the pipe farthest from the pump. 
e) Never locate the holes on the bottom of the distributor pipe. If so, they are guaranteed to clog with silt from the bottom of the pipe.
f) Clean the water filter often. A dirty filter will substantially restrict the flow of water. Install a valve on the clean-out for the filter. This way the filter can be flushed without tools and without shutting off the pump.
g) Make sure the pump is large enough. The pump should be sized to supply a certain amount of water at a specified pressure. Besides lifting the water from the sump to the top of the pad, there are other pressure losses in the system. Friction losses in the pipes, elbows and valves can consume between 3 and 5 psi, (6.9 to 11.5 feet of pumping head). A clean, inline filter will use another 5 to 10 psi of the pump’s pressure, (11.5 to 23 feet of pumping head).
h) Required water flow for various pads: 4” corrugated pads 0.50 GPM per linear foot 6” corrugated pads 0.75 GPM per linear foot.
E1.10 MAINTENANCE & SERVICE INSTRUCTIONS FOR AIR WASHERS
a) Water supplied to the humidifiers should be free from foreign materials, such as dirt, etc. The water tank should be covered in such a manner that the water flowing from it to the humidifiers is free from foreign particles. The filter under all circumstances should be used for make-up water and drain water kept perfectly clean regularly. 
b) The main water line strainer on the delivery pipeline should be kept clean, by frequent checks, preferably by having a fixed cleaning day. 
c) It is essential to maintain the desired constant pressure of water. The maximum pressure is required for maximum efficiency. 
d) The individual strainers should be cleaned by opening the orifice housing on the machine. Flush with water pressure or use a brass wire brush for removing any foreign materials adhering to it. 
e) The eliminators and baffles should be periodically cleaned from both sides, with a high-velocity stream of water, so that dirt or dust collected between the eliminators and baffles may be flushed out. 
f) The filters provided if any on return air and bypass dampers should be periodically cleaned. This will smoothen the working of the plant and will reduce the pressure on the fan and overload on the motor. Layers of fluffs and fibres etc. depositing on filter surfaces should be removed off regularly, at least once a day. 
g) The water tank should be washed and flushed once a week and freshwater introduced. The strainer screen & water filter should be cleaned every day. This procedure will provide clean water to the Spray Nozzles for the best performance. The set of spare filters should be first placed in the fixed position before removing the used dirty filters from the tank for cleaning. Keep the cleaned filter set as a spare for the next cleaning day. 
h) Spray nozzles should be inspected every week and any foreign materials found adhering to the nozzles should be removed with water under pressure. This procedure improves atomization. 
i) The water pump should be checked periodically and lubricated every six months. 
j) The fresh air damper should be cleaned and its linkages and joints lubricated every 4 weeks, for the smooth operation of the same.
k) The return air dampers should be cleaned and the adjustment checked every week, while the linkages are lubricated every 4 weeks. 
l) The fan should be cleaned every week and its motor every six months. However, the bearings should be greased and the belts adjusted each month. 
m) Fresh air, or return air or bypass dampers, or any of them in combination should be first opened before the air washer fan is switched on. 
n) In case, local conditions vary so widely that it is impossible to set up a definite maintenance schedule to provide adequate maintenance, the maintenance schedule tabulated under Para 2.13 may be used as a guideline to set up your schedule along with the experience gained in actual practice. 
E1.11 Drain Pan Traps
Drain lines and traps should be run full size from the drain pan connection. Drain pans should have drain lines and traps to permit the condensate from the coils to drain freely. On all units with drain pans, the trap depth and the distance between the trap outlet and the drain pan outlet should be twice the static pressure in the drain pan section under normal operation to assure the trap remains sealed.



E2 Final checks before start-up:
Perform the following operations and checks before start-up:
a) Clean unit cabinet interiors to remove foreign material and construction dirt and dust, vacuum clean fan wheel, fan cabinet, and coils on the air inlet area. 
b) Verify the unit is secure on mountings and supporting devices and that connections for piping, ductwork, and electrical are complete. 
c) Perform cleaning and final adjustment as specified. 
d) Disconnect fan drive from the motor and verify proper motor rotation direction and verify fan wheel free rotation and smooth bearing operation. Reconnect belt drive, motor belts. 
e) Rotate the fan wheel by hand and assure that no parts are rubbing. 
f) Check V belt drive for proper alignment and tension. 
g) Set outside air and return air-mixing dampers to a minimum outside air setting. 
h) If necessary, comb coil fins for parallel orientation. 
i) Install clean filters, covered with a fine cotton cloth (the cloth can be removed after the initial cleaning of circulating air). 
j) Verify manual and automatic volume control, fire, and smoke dampers in connected ductwork systems are in the fully open position. 

E2.1 Airflow System Start-Up
For proper unit function and safety, follow everything in this start-up procedure in the order presented. This is to be done after the electrical connections are complete. Special tools required may include a Voltage meter, Tachometer, and an Amperage meter. 

E2.2 Pre-Start Checklist 
a) Disconnect and lockout all power switches to a fan. 
b) Check all fasteners, set screws, and locking collars on the fan, bearings, drive, motor base, and accessories for tightness. 
c) Rotate the fan wheel by hand and assure no parts are rubbing. 
d) Check the V-belt drive for proper alignment and tension. 

E2.3 Check Voltage 
Before starting the unit, compare the supplied voltage with the units, nameplate, voltage, and motor voltage. 
E2.4 Check for Vibration 
Kick start the fan and observe for any abnormal noise or vibrations. Excessive vibration may be experienced during the initial start-up. Left unchecked, excessive vibration can cause a multitude of problems, including structural and/or component failure. Many conditions can be resolved by careful observation. 








E3. MAINTENANCE SCHEDULE 
E3.1 ROUTINE MAINTENANCE:
Maintenances should be performed by experienced and trained personnel. Do not attempt maintenance unless the electrical supply has been locked out or tagged out and the impeller has been secured.
a) Under normal circumstances, the system should require cleaning only about once a year. However, the fan and the system should be checked at regular intervals to detect any unusual accumulation.
b) The fan impeller should be specially checked for build-up of material or dirt which may cause an imbalance with resulting undue wear on bearings and belt drives. A regular maintenance program should be established as needed to prevent material build-up.
c) Periodic inspection of the rotating assembly must be made to detect any indication of the weakening of the rotor because of corrosion, erosion, or metal fatigue.
In any case of abnormal operation, stop the fan and check the cause. Early detection can avoid much more serious fan damage.
In addition, the schedule described in Annexure 1 may be followed with the due amalgamation of previous experiences.

E4   Electrical & Human Safety
E4.1 Electrical check-list
1) The power supply is available or not in the electrical panels.
2) Check for the voltage level (+/-10%of 415 V)
3) Check the connectivity between panel source and motors.
4) Are all necessary field instruments in proper order or not?
5) Earthlings Connectivity should be ok. Check once the tightness of bolts is provided for earthlings’ connectivity in between units & Electrical panels.
6) In any case, need to replace any cable, the proper size of cable should be used in between Supply and motor terminals to minimize voltage drop, to carry full load current marked on the Nameplate, and also large enough to carry the starting current without excessive voltage.
     Drop (refer to cable schedule at) and must ensure the following points:
(i) Ensure that the cables connected to motor terminals are not in tension on terminals. A heavy load of tension by the cable can break the terminals.
(ii) Nuts at the terminal should be tightened properly to avoid any chance of motor burning.
(iii) The terminal connection should be properly insulated. If not it may lead to fatal shock.
(iv) Ensure all electrical wiring is carried out to Indian standards and all components are provided with safety, protecting, and isolating devices.
7) Ensure panels should be at their original position if removed/shifted during the cleaning procedure.
8) Check for the proper working of the panel door hinges and their locks / ON-OFF knobs/emergency push button / L.P.B.S (for operation and emergency), limit switch and its working scheme like Lighting ON-OFF & Blower CUT OFF arrangement (provided at doors in blower section (both side) in each unit.
E4.2 Start-up
After completing the checks in the above paragraph 9.3.1, the unit may be started and the following checks and adjustments are performed.
Measure motor voltage and amps to ensure proper protection, compare readings with the motor nameplate.


E4.3 Maintenance
The maintenance should be carried out bearing in mind the basic rules of personal security by ensuring the following:
a) The engineer is electrically isolated from the unit (by isolating board, rubber mats, etc.)
b) The engineer does not enter the unit before the fan has stopped turning.
c) The electrical equipment is correctly isolated from the main supply before entering the unit (fan, electric coils, etc.)
E4.4 Measure Motor Voltage, Amperage, and Fan RPM
All-access doors must be installed. Measure and record the input voltage and motor amperage(s). 
To measure the fan RPM, the blower door will need to be removed. Minimize measurement time because the motor may over amp with the door removed. 
Compare measured amps to the motor nameplate full load amps and correct rpm if the current is higher. See the Troubleshooting section in this guide. In addition, 
a) All electrical joints shall be electrically and mechanically secure. Where any cable passes through metal holes, the metal edges shall be fitted with a grommet of suitable insulating material, to protect the cable from damage and possible earthling.
b) The metal casing of the electrical components, metal frame or chassis of the cooler cabinet, and all exposed metallic parts, likely to become live, shall be provided with earthling facilities. 
c) One ‘ON’ and ‘OFF’ and one-speed regulator switch shall be provided with each evaporative cooler. Provision shall be made to run fan and pump set separately or facility to stop water circulation in the unit.
d) A suitable power cable of a minimum of 2 m length shall be provided with each unit. The length should be measured from the outer body of the unit.
Before doing any maintenance be sure to disconnect from the power source. This is for your safety.
Disconnect from the power supply when not in use for extended periods.
E4.5 Human Safety
To ensure human safety, please ensure the following before the starting.
a) Screw caps would be installed on the screw after assembly of the unit.
b) Limit switches are provided at door in fan section, in case the door remains open the fan would not start or in case during running condition door opened forcefully the fan would stop automatically.
c) Wire guard provided in the fan section to prevent direct access to the fan & motor assembly.
d) Earthling point provided on the fan and motor base channel.
e) The fan section is equipped with marine light and a view window.
f) Do not step on the drain tray.

E5   Disposal
a) The evaporative air cooler shall be sold along with instructions for proper use to maximize product performance, minimize wastage, and method of safe disposal of used product.
b) The evaporative air cooler shall be packed in such packages, which are made of recyclable or biodegradable materials.
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