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Background
• As an owner of multiple data centers - and as a 

manager of our customers’ data centers -
Johnson Controls has experienced the 
challenges of cooling high density computing 
environments.
– 10K/ft.2 Primary data center- Blades & Super Servers
– 2 million ft.2 under contract - High Tech & Financial 

Services sites with loads exceeding 125w/ft.2

– Controls-based strategies are utilized to optimize 
cooling capacity 



Purpose of This Presentation
• The Rack Cooling Index (RCI) is a proposed 

methodology for measuring the effectiveness of a 
Thermal Management strategy.

• In an earlier test, the RCI demonstrated the 
differences between top-down and bottom-up 
cooling strategies in site with large concentrations 
of high density computing.

• By testing it in our own primary site, we hope to 
establish its potential value to a controls-based 
approach in a site with lesser amounts of high 
density computing.



Agenda
• Definition of a controls-based strategy for 

Thermal Management
• Limitations of this approach in Legacy Sites
• The RCI

– Background, Definition, and Calculation
– Field Test Methodology and Results

• Conclusions
• Q & A



Elements of a Controls-based Strategy
• CRAC Supply and Return Temperature sensors 

tied to BAS
• Automated or manual measurement of Ambient 

Temperature, RH, and Airflow
• Application-driven identification of anomalies in 

performance signatures
• SME analysis of cause and effect
• Site implementation of recommendations
• Verification of results



Example - JCI Data Center



Example - JCI Data Center



Example - JCI Data Center



Example - JCI Data Center



Example - JCI Data Center



Limitations of a Controls-based Strategy
• Typical characteristics of Legacy Sites

– Limited under-floor space - 10-24 inches
– Poor cable management and other obstructions
– Limited above-floor space - 8-10 foot clearance

• Acceptable for low density computing
– Controls can adequately regulate temperature and 

humidity

• Heat stratification in high density environments 
cannot be managed solely by controls
– Airflow management must be precise



The Rise of Airflow Management Tools
• Computational Fluid Dynamics provide modeling

– TileFlow
– Flovent
– Fluent Airpak

• As a result, expected values can be established 
for points below and above the raised floor
– Augments controls-based strategies

• But what remains missing is a measure of “Room 
Health”



Room Health
Recognizes the inter-dependencies of: 
• The layout of computing equipment
• The equipment cooling class
• The space cooling system



The Rack Cooling Index (RCI)
• Developed by ANCIS

– Magnus K. Herrlin, Ph.D.
• Formerly, Principal Scientist for Telcordia Technologies

• The RCI: a dimensionless index that could 
become the basis for a common standard
– measures how effectively equipment racks are cooled 

and maintained within industry thermal guidelines and 
standards

– provides the basis for interpreting modeled or 
measured air intake temperatures



Definition of RCIHI and RCILO
• Measures equipment room health at both the high 

and low ends of the temperature range
Rack Intake
Temperature

Max Allowable

Max Recommended

Min Recommended

Min Allowable

Max Allowable
Over-Temp

Max Allowable
Under-Temp

Rack Intake #             N   



Calculation of RCIHI and RCILO

• RCIHI = (1-Total OverTemp/Max Allow. OverTemp)100 [%]

Interpretation:
RCIHI = 100%  All Intake Temps <max recommended

RCIHI < 100%  At least one intake temp > max recommended
RCIHI = 0%     At least one intake temp > max allowable

• RCILO = (1-Total UnderTemp/Max Allow. UnderTemp)100 [%]

Interpretation:
RCILO = 100%  All Intake Temps >min recommended

RCILO < 100%  At least one intake temp < min recommended
RCILO = 0%     At least one intake temp < min allowable



Benefits of the RCI
• Meaningful measure that can also be shown graphically
• Easily understood numerical scale - 100% means all racks are 

cooled to a standard or objective
• By using two indices, over-cooling of some racks does not 

compensate for under-cooling of others
• Provides the means to isolate potential heat-related failures
• Portable and non-dimensional - it work with any standard or 

guideline that specifies max/min temperature ranges.



Field Test Methodology
• Two racks of blade servers placed individually 

adjacent to low density equipment
• Portable temperature sensors placed within two 

inches of each server air intake
– Continuous measurement for seven day periods

• Actual intake temperatures used to compute RCI, 
then compared to expected values
– Ambient temperature readings from controls
– Expected values derived from Environmental Audit.



Field Test Methodology
Baseline Measurements
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Field Test Methodology
Baseline Expectations

• Based on Ambient Temperatures, Escape Velocities, and CRAC 
Supply Temperatures ranging from 49oF - 56oF, we expected that 
Server Intake Temperatures would:

- Experience an even rise in temperature from the lowest 
chassis (#3) to the highest (#7)

- Remain within the manufacturer’s acceptable High and Low 
ranges (50Fo - 95Fo), thus producing RCI’s >0.



HP Bl20p G2
Rack Intake
Temperature

Max Allowable - 95F

Max Rec.- 80F

Min Rec - 65F

Min Allowable - 50F

Allowable
Over-Temp

Allowable
Under-Temp

Field Test Methodology
Allowable Temperatures



Field Test Methodology
Server Intake Temperatures

43 CFM

115 CFM

234 CFM



Field Test Methodology
Server Intake Temperatures

144 CFM

62 CFM

10 CFM



Field Test Methodology
Server Intake Temperatures

302 CFM

196 CFM

111 CFM



RCI Field Test
Conclusions

• Ambient Temperature readings are not a reliable indicators of Server 
Intake Temperatures. Even in data centers having low concentrations 
of high density computing, the RCI methodology - measuring 
temperature in close proximity to the load - identifies anomalies that 
are otherwise missed by Ambient Temperature.

• Concerns about the effects of high density computing may be causing 
facilities managers to over-compensate to the point where some 
servers border on their Minimum Allowable intake temperature, 
resulting in wasted energy if nothing else.

• Placement of high-density racks at the end of a row increases the 
probability of re-circulation.



Q & A
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