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• Maximum 10 % air leakage, preferably 5%. The intent is to provide cooling air only 

where required for IT equipment.

• Raised floor to be coordinated with equipment and cabinets to minimize cuts and 

maximize floor layout efficiency.

• Ceilings could be supply and return air plenums or used for ductwork.

• Raised floor provides flexibility for equipment layouts, easier air flow changes, and 

provides space to route cabling, chilled water or refrigerant piping.

• Multiple types of containment – full, end doors only, between cabinet and ceiling.
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• Large openings and pathways for air flow to enhance natural ventilation and 

minimize fan power.
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• Control pressurization to not damage roof or prevent doors from operating 

correctly and safely during all operational events including:

• Economizer start up, power switch to and from generator, sudden load 

change, etc

• Sensor location and accuracy is important. Consider solar gain for exterior sensors.

• How is air economizer system controlled when there is exterior smoke? Heavy 

pollen or other particles? Diesel fumes? Pollution? 

• Bringing in smoke may shut down Computer room due to an external 

event.

• Concern with diesel generator operation

• Concern with bringing in outdoor air and feeding an interior fire when on 

economizer.

• Consider efficiencies and cost for air economizer when outdoor air is too hot or 

too humid or too dry.

• Cost of adding humidity when to outdoor air is too dry.

• How to dehumidify the room when outdoor air raises room dew point too 

high.

• Consider temperature reset of cooling system and chilled water to control 

humidity or improve cooling capacity.
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• NEMA TP-1 and CSL-3 transformers

• Efficient UPS systems – transformerless, IGBT, Eco mode, line interactive, increase 

loading (VMMS)

• Locate PDUs and UPSs outside of Computer room

• Let Electrical and UPS rooms operate at a higher temperature.

• Lighting  – time clock control, occupancy sensor, high efficiency, LED in ceiling, LED 

on cabinet at doorways  
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• High return air temperatures raises CRAH/CRAC capacity

• Higher chilled water temperatures reduces CRAH/CRAC capacity

• Higher chilled water temperatures raises chiller efficiency and increases 

economizer hours.

• Energy is reduced using variable speed drives (VSD) per a cube relationship. 

Operating 4 fans at part load uses less energy then 3 fans at full load.

• CFM (Fan speed) must be adequate for the load. 
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• The 3 major factors that impact PUE are: Infrastructure Systems Selection, 

Location & IT Space Operating Conditions.

• The 3 factors make it difficult to say which is the most important.
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•We’ve modeled 1000’s of PUE combinations & found that Space Operating 

Conditions have the greatest impact.

•Each resulting PUE is Color formatted so that green represents the lowest 

PUE and red the highest. 

•Space Conditions – most restrictive to least restrictive temp & humidity.
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DEFINITIONS.

The American Conference of Governmental Industrial Hygienists (1992) states that 

workers should not be permitted to work when their deep body temperature exceeds 

38°C (100.4°F). 

Heat is a measure of energy in terms of quantity. 

A calorie is the amount of heat required to raise 1 gram of water 1°C (based on a 

standard temperature of 16.5 to 17.5°C). 

Conduction is the transfer of heat between materials that contact each other. Heat 

passes from the warmer material to the cooler material. For example, a worker's skin 

can transfer heat to a contacting surface if that surface is cooler, and vice versa. 

Convection is the transfer of heat in a moving fluid. Air flowing past the body can cool 

the body if the air temperature is cool. On the other hand, air that exceeds 35°C 

(95°F) can increase the heat load on the body. 

Evaporative cooling takes place when sweat evaporates from the skin. High humidity 

reduces the rate of evaporation and thus reduces the effectiveness of the body's 

primary cooling mechanism. 

Globe temperature is the temperature inside a blackened, hollow, thin copper globe. 

Black Globe Sensor - The Black Globe instrument is a simple instrument used for 

monitoring the temperature effect of global radiation on an exposed surface. The 

sensor consists of a temperature sensor mounted inside a copper globe with a matte 

black surface exterior. It is widely used in the feedlot industry to mimic the effect of 

radiation on the comfort of cattle. It also can be used for comfort measurements in 
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other animals and in humans.

Metabolic heat is a by-product of the body's activity. 

Natural wet bulb (NWB) temperature is measured by exposing a wet sensor, such as 

a wet cotton wick fitted over the bulb of a thermometer, to the effects of evaporation 

and convection. The term natural refers to the movement of air around the sensor. 

Dry bulb (DB) temperature is measured by a thermal sensor, such as an ordinary 

mercury-in-glass thermometer, that is shielded from direct radiant energy sources. 
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