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Feasibility Study

AIR-CONDITIONING FOR THE COMPUTER ROOM IN B. 513 BASEMENT

J.Lindroos

Abstract

The main purpose of this document is to report few main alternatives for the air-conditioning of the new Computer Room for LHC computing (bldg. 513) and propose a technical solution  as well as cost and planning foreseen for the approval of the Requestor (IT division). The system should be able to cool a total heat load of 500kW. The commissioning of the system is foreseen in summer of 2002.

15 August 2001

1. INTRODUCTION

This feasibility study presents the modifications and new HVAC installations needed to transform the present storage and equipment testing area in the basement of building 513 to a Computer Room serving the future LHC computing. 

1.1 Infrastructure of LHC-computing

The LHC computing requires major changes in the infrastructure of the existing Computer Centre. Over the last year ST/IT divisions have together looked closely into the different alternatives of satisfying the increasing need for space to house the new computing equipment at the same time taking into consideration the increased demand for cooling and electrical power. 

The demand of space because of LHC computing will increase at least 1000m2 from the present floor area of  about 1500m2 in the Main Computer Room on the ground floor. Several options have been studied including;

1) building a mezzanine floor in the Main Computer Room, 

2) using an office area of 800m2 (called the Barn) which is attached to the Main Computer Room, 

3) to transform the basement of b.513 to a second Computer Room. 

The third option has been chosen to satisfy the needs in the first place. This option allows about 1100m2 of extra space, if later on additional space is needed the Barn area could be adapted. 

1.2 Existing HVAC installation 

Most of the existing HVAC system, useless for the future air-conditioning system, will be dismantled. The oldest installations date back 30 years and the more recent one about 10 years. These units do not meet today’s requirements for computer rooms in terms of cooling capacity, humidity control and  redundancy.

Some of the existing ducts will be conserved for the new installation. 

Presently the storage area has no smoke extraction system.

Chilled water pipelines for existing air-conditioning units will be dismantled since the diameter of these pipes is not sufficient for the future needs.

1.3 HVAC for the new Computer Room

A new HVAC system will be installed to meet the requirements set for the ambient conditions in the Computer Room. The security of personnel and the protection of property will be improved by  installing a smoke extraction system. 

Two different system options were studied to compare them technically and commercially. 

· First, a centralized system with two air handling units installed in a new equipment room was studied,

· Second, a system with independent “in room” units was studied. 

The major constraint for air-conditioning is mainly the lack of height in the Computer Room. The total “raw” height is 3470 mm of which existing cable trays, piping and ducts use about 700 mm. In addition a false floor of minimum 500 mm is needed. This leaves only 2270 mm of free space for the computer equipment and technical services. Because of the height constraints and also because the centralized system costs considerably more, it was decided to choose the system with “in room” air-conditioners. 

The “in room” units are factory assembled units with all the electrical connections and controls built inside. Basically only connections to the electrical and water networks are needed. No ducting is normally used. This type of solution was also chosen in all the computer/telecom facilities visited by the project team.

1.3.1 Air-conditioning

The required ambient conditions are :

· Temperature control range 

24°C +  2°C

· Relative humidity control range 
50 +  10%

A sufficient amount of fresh air will be supplied to assure good ventilation of the room (0.5 1/h). Two of the 6 air-conditioning units foreseen will supply the needed amount of fresh air by mixing the outside air and the room air. The local will be in over pressure in relation to the adjent areas as no exhaust system is installed. 

The air-conditioning system will supply air from the false floor through perforated floor panels and the heated air will be recovered by the unit from the upper part of the room. Because of the limited free height of the room a temperature difference (T) between supply and exhaust air will be maximum 10°C (17/27°C). A total heat load of 500kW (abt. 450W/ m2 ) is the base for the design. However the chilled water line will be dimensioned for a maximum of 650kW cooling power which allows possible extension in the future .

Each “in room” units will have following characteristics;

· Air flow (T 10°C)

25500 m3 /h (speed variator)

· Cooling


85kW

· Heating


15kW 
(in 2 fresh air units)

· Humidification


(in 2 fresh air units)

· Fan power


7kW

The total air flow will be 153000 m3 /h in the design conditions (39l/s/ m2 over the whole surface). To assure right type of air distribution (displacement) the air supply speed should not be more than 0,5m/s. This means that the perforated open surface of the floor panels should be about 100 m2.

1.3.2 Smoke extraction

A smoke extraction system is required for safety purposes. The dimensioning of this system will be done according to the French regulation IT246, which states that the required extraction air flow is 1m3/s/100m2 for such spaces. This gives a total extraction flow of 11m3/s (40000m3/h). The Computer Room will be divided in 3 zones by smoke curtains to minimize the smoke spread. The separations will be done from 50 cm wide board that contains the lateral flow of smoke. Each zone is equipped with an exhaust grille, a motorized fire damper and a flow regulation device. In case of a smoke detection in a zone (by a dedicated system) the corresponding fire damper of the zone opens and the extractor starts to operate. The extractor will be installed outside on top of an existing chimney that is connected to the Computer Room and was earlier used for the converter room ventilation. The fresh air to replace the extracted volume will be sucked by the under pressure in the room from outside via existing ducting.

1.3.3 Chilled water

Chilled water for the air-conditioning units will be connected to the chilled water production plant next to the Computer Room. A pipe loop that goes around the Computer Room will be installed with connections to the units. The piping will be equipped with service valves and lagging.

The 3 chillers which serve mainly the existing Computer Room in ground level have normally been stopped during the winter months because the Computer Room air-conditioning uses free cooling between fall and spring.  As no free cooling is available for the new system in the basement, one chiller has to operate all year round.

1.3.4 Controls and electricity

The “in room” units will have the controls and electrical connections already integrated in them. What is needed is to communicate the alarms from these units (grouped) further to the TCR. 

In case of a power cut the computer equipment (or part of it) will be supplied by UPS. In this case air-conditioning needs to operate also to avoid overheating of the room. For this reason the unit fans, the smoke extraction fan, valve actuators and other equipment related to cooling shall be supplied from the secure network. Estimated secured power need is about 60kW.

1.3.5 Other Works

A network of domestic water piping needs to be installed for the humidifiers. A drainage system will be installed in the false floor to recuperate condensate from the cooling units and water from the chilled water emptying and purging points. Water piping will be of copper and the drainage of PVC plastic.

2. scope of the supply

The supply of the Computer Room air-conditioning system will include the following main items:

· All equipment handling work

· Modification of existing installations used in the new system

· The supply and installation of air-conditioning units and mechanical smoke extraction fan

· Ductwork for smoke extraction system

· The supply of chilled water network

· Domestic water and drains

· The supply of control/electrical cubicles and  PLC’s comprising cables and connections

3. cost estimate

The cost estimate includes the modification of the existing installations and the installation of the new equipment. Civil engineering works like creating holes, masonry work etc. is not included. The supply air panels/grilles are not included. The normal electrical supply to the control/electrical cabinet and the secured network connections to the equipment are not included.

3.1 Air-conditioning units

The unit consists of:

· Filter

· Cooling coil 

· Heating coil 
(in 2 fresh air units)

· Humidification
(in 2 fresh air units)

· Fan 25500m3/h

Price per unit



average 25000CHF


150000CHF

Sound traps, modif. pieces






  20000CHF

Installation work







  30000CHF

Total units








200 000CHF

3.2 Smoke extraction

The unit consists of:

· Fan 40000m3/h






           10000CHF

· Exhaust duct dn 800 ds
50m * 350CHF



           17500CHF

· Supply duct
 dn 630

50m * 120CHF




6000CHF

· Modif. pieces







6500CHF

· Fire dampers * 5






           25000CHF

· Reg. dampers * 3






           10000CHF

· Exh. grilles *3







5000CHF

Total smoke extraction







80 000CHF

3.3 Chilled water/ Domestic water

The insulated pipes:

· DN 150

  40m * 250CHF




10 000CHF

· DN 100

140m * 170CHF




24 000CHF

· DN 65

  60m * 115CHF




  7 000CHF

· Copper 15mm
 80m * 50CHF





  4 000CHF

· Pipe accessories

30%





12 000CHF

· Works








23 000CHF

Total water








80 000CHF

3.4 Drains

PVC pipes:

· DN 50

 50m








· DN 32

 25m








· Accessories









· Works

Total









10 000CHF


3.5 Electricity and controls

Including:

· Control/Electrical cabinet

· Fire brigade cabinet








· cabling








· alarms









Total









50 000CHF


3.6 Unforeseen costs

· 10% of the total







30 000CHF


3.7 Total price for points 3.1-3.6

Total for air-conditioning






450 000CHF







4. schedule

The preliminary schedule for the project is following:

· Market Survey

September-October

2001

· Tender


November-December

2001

· Order


January



2002

· Works


February-April


2002

· Start-up


May



2002


5. Conclusion

Out of the various options studied, the option of constructing the Computer Room in the present storage/ equipment testing area was found to be most suitable when all the services are considered. The cost estimate for the project is 450 kCHF . The system is foreseen to be functional in May 2002.

The advantage for air-conditioning is the fact that service like chilled water is available just next to the installation, new units will be used and  the ducting to outside for the smoke extraction exists.

The biggest restriction for air-conditioning is the lack of height in the room. The free height from the false floor to the ceiling is less than 3 meters of which cable trays etc. occupy already some space. This makes it impossible to use any ducting. As the requirement of cooling is big and the T limited because of the height (resulting in a big air flow), the normal requirements for temperature stability and comfort has to be reduced. Local temperature variations has to be accepted because of the non uniform load in the different parts of the Computer Room. 

Separating the area in zones with curtains for the smoke extraction will have some effect on the air-conditioning by forming warm air pockets between the curtains. It is foreseen to install equal amount of units (2) in each zone to balance the air-conditioning.

