
by
Peter Crowhurst - Long & Partners

CO2 Cooling Presentation



Why Carbon Dioxide?



WHY CARBON DIOXIDE?

Ø CO2 is electrically benign

Ø Increased cooling capacity

Ø Reduced pump power

Ø Reduced pipe diameters

Ø Rapid recovery time

The lat ent heat capacit y Car bon Dioxide is 182kJ / kg compar ed t o t he

specif ic heat capacit y of H2O = 4.2kJ / kgK, which means t hat :

Ø 1kg CO2 absor bs 182kJ of ener gy in it s ‘phase change’

Ø 1kg of H2O absor bs 4.2kJ of ener gy f or 1oC t emper at ur e r ise:

Ø CHW f low/ r et ur n 6/ 12oC (43/ 54oF) 1kg H2O absor bs 25.2kJ

Ø Ther ef or e 1kg of CO2 absor bs 7 t imes mor e ener gy t han wat er :

Ø 182kJ / 25.2kJ = 7.22



PHYSICAL PROPERTIES OF CO2

Ø CO2 at +14oC

Ø Above dew point

Ø Phase change

Ø Not temperature differential

Ø Clear, dense gas

Ø Non flammable

Ø Pressure at +14oC (57oF) is ~50Bar (725PSi)

Ø Ozone Depletion Potential = 0 (same for CO2 and R-134a)

Ø Global warming potential CO2 = 1, R-134a = 1300

Ø Low toxicity, TLV limitations : ppm must be controlled



Low Energy



Ø Global Warming Potential
Ø CO2 = 1
Ø R-134a = 1300

Ø 30% energy saving
Ø Reduced CO2 emissions
Ø 290 tCO2 for 250kW system

Ø The Carbon Trust
Ø Enhanced Capital Allowance
Ø Energy technology list

Ø “The System”

REDUCED CARBON EMISSIONS



Primary Cooling Platforms



CHW COOLED CO2 PLANT



Refurbishment
w Sufficient CHW capacity

w Extend infrastructure

Design Principle:
w Secondary volatile

substance

w Small footprint
w 300kW 2.2x1.9x2.1m

Cooler

CO2 Condenser

CO2 Receiver

CO2 Pumps

CHW 6/12oC

CHW COOLED CO2 PLANT



Ø Client’s data suite

Ø ‘Cooler’ cooling capacity

Ø Cabinet + Cooler mounting compatibility

Ø Server + Cooler airflow compatibility

Ø Failure mode scenarios

Ø Site survey
Ø Proposal and quotation
Ø Install:

Ø CO2 plant/pipework
Ø Cooling units (4No. max)
Ø Gas detection system

Ø Technician support
Ø Thermal & aerodynamic assessment
Ø Summary report

STRATEGIC EVALUATION
PROGRAM



Ø Ring main: system resilience

Ø Stainless steel welded
Ø100% NDT testing available

Ø Prefabricated pipework

Ø Off-site welding + Lokring fittings

Ø Process engineering quality – 600bar

Ø Stainless steel flexible pipework

Ø Final connection to Cooler

Ø Triple layer stainless steel

Ø CO2 manifold

Ø Pressure tested & X-rayed

Ø Manual isolation

Ø Automatic cabinet shut-off

Ø System pressure test

PIPE AND CABINET
LAYOUT



Redundancy & Resilience



CO2 Plant

Redundancy

Ø Run and standby available

Ø Dual ringmain available

Ø N+1 CO2 circulating pumps

Resilience

Ø CO2 Pumps on UPS

Ø CHW pumps on UPS

Ø Oversized CO2 receiver vessel

ØThermal buffer of CO2 & CHW

Ø 1 hours + experienced



REDUNDANCY

Ø Single plant and ringmain
Ø Dual plant, single ringmain
Ø Dual plant, dual ringmain



Health & Safety



- Space Monitoring - Detection Panel

CO2 GAS DETECTION

- Gas Detection

Ø 500ppm Normal Level

Ø 20K ppm Heavy Breathing

Ø 40K ppm CO2 Narcosis

Ø 60K ppm Hyperventilation

Ø 5mins in fresh air = OK

Ø 500ppm Normal Level

Ø 20K ppm Heavy Breathing

Ø 40K ppm CO2 Narcosis

Ø 60K ppm Hyperventilation

Ø 5mins in fresh air = OK

HEALTH & SAFETY



CO2 Cabinet Mounted Cooler



CABINET COOLING

ØDesign basis:

Ø Absorbs heat at the rear of the cabinet

Ø Does not provide cooling

Ø CO2 circulating temperature 14oC (57oF)

Ø Above dew point: no condensation

Ø Air drawn into cabinets by ‘blade’ fan

Ø Cabinet air inlet temperature 22oC (72oF)

Ø Server air discharge temperature 35/40oC

Ø Discharge air drawn through Cooler

Ø Heat load absorbed in heat exchanger

Ø Cooler discharge temperature 22oC (72oF)

Air in 22oC

Cabinet

Blade server
chassis

Discharge
Temp 35/40oC

Air out 22oC



CABINET ACCESS

ØDesign basis:

Ø Access via rear hinged door

Ø Blade load discharged

Ø ~ 60/70% into cooler : load absorbed

Ø ~ 30/40% into aisle

Ø Local ambient temperature + 2oC

Ø Increased temperature differential

Ø Self compensating system

24oC



INTRINSIC RESILIENCE

22oC 22oC 22oC



Normal operation = 10 x ‘CO2 coolers’ at 20kW

Intrinsic resilience = 8 x ‘CO2 coolers’ at 25kW

Normal operation = 10 x ‘CO2 coolers’ at 20kW

Intrinsic resilience = 8 x ‘CO2 coolers’ at 25kW

INTRINSIC RESILIENCE
w Heat absorption

w 50% CO2 overfeed

w Heat absorption

w 50% CO2 overfeed



CABINET MOUNTED COOLER

Ø Rear mounted
Ø Compatible with all cabinets
Ø Does NOT include cabinet
Ø Fitted to cabinet rear door

Ø 50% free area

Ø High capacity cooling
Ø 600mm wide x 42U = 20kW
Ø 800mm wide x 47U = 30kW
Ø Target 40kW+

Patent Application

0421232.0



ØClient requirements:

Ø Complete access to servers

Ø Longevity of operation

ØDesign details:

ØUtilise frame door hinge

Ø90o elbow + 3-layer flexible hose

ØTransfer load to floor : triple castor base unit

SERVER REAR ACCESS



ØControlled access
Ø Lockable panels

ØHot swappable fans

Ø Individual power isolation
Ø 6 min replacement

ØPerformance Monitoring
Ø Off rack temperature display

Ø Fan status
Ø Volt free BMS signal
Ø LED indication

Ø Red indicates failure
Ø CO2 gas detection

Ø Solenoid isolation valve

Ø Volt free BMS signal
Ø LED indication

Ø Resilient design

Ø UPS backed fans
Ø N+1 fans – 5no
Ø N+N fans – 6no

Ø Dual power supply
Ø N+N electrical circuitry

CLIENT INTERFACE



Reference Projects



IMPERIAL COLLEGE,
LONDON

Ø Capacity 300kW

Ø Air cooled chiller

Ø Pipework

Ø Fully welded stainless

Ø Flexible stainless
Ø 15 x CO2 cooler units

Ø Capacity 300kW

Ø Air cooled chiller

Ø Pipework

Ø Fully welded stainless

Ø Flexible stainless
Ø 15 x CO2 cooler units

Exhibition Road, London



ABN AMRO

Ø System Capacity 300kW

Ø 300kW CO2 (N+N)

Ø Fully welded pipework

Ø 300 kW ringmain

Ø 15 x 20kW CO2 cooler units

250 Bishopsgate, London
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