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Key Design Elements 

1. Pressure drop is low 

2. Tank must be insulated to minimize losses 

3. Must ensure stratification 

4. Must minimize thermocline 

– Low Froude Number  

– Laminar flow through diffuser slots 
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Thermal Storage Tank Stratification 
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Water Diffuser Systems 
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SQUARE 

Water Diffuser Systems 
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Froude Number 

The Froude Number is the single most important design parameter  

in the design of the distribution system. It is the ratio of dynamic 

(inertial) forces to weight (buoyancy forces). A low Froude Number 

insures that the buoyancy forces predominate over inertia forces  

and allow the tank to be stratified. 

Buoyancy =  Inertia =  
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Froude Number 

= Volume flow rate per length of diffuser  

= Gravitational acceleration 

= Height of diffuser 

= Difference in water density =  

= Density of inlet water 
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Reynolds Number 

The Reynolds Number is the ratio of inertial forces to 

viscous forces. The critical Reynolds Number distinguishes 

between laminar or turbulent flow. A Reynolds number 

below 2000 is required to limit mixing action. 

>2000 <2000 
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Reynolds Number 

= Volume flow rate per unit length of diffuser 

= Kinematic viscosity 
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TES Capacity 

Net Storage Capacity =  

Total Capacity – (Freeboard + Thermocline + Heel) 
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Figure of Merit (FOM) 

System return to tank 
(discharge model) 

Discharge outlet 

Charge inlet 
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  A    = Usable volume 

  B    = Unusable volume 

A+B = Total volume  
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Tank Sizing: Effect of Tank Height to Diameter Ratio to Thermocline 

 
Assume 2,000,000 Gallon Tank 

Assume Thermocline of 3' 

Assume 1' Heel 

D = 58.34' 

H = 100' 

Total……...….2,000,000 gallons 
Thermocline…...59,990 gallons 
Heel……………….19,997 gallons 

Operating…..1,920,014 gallons 

 

FOM = 96.00% 

Total……..……..2,000,000 gallons 
Thermocline……119,964 gallons 
Heel…………………39,988 gallons 

Operating…….1,840,048 gallons 

 

FOM = 92.00% 
D = 82.5' 

H = 50' 

Other factors concerning tank height to diameter: 
Site Foot Print (available space), Foundation considerations,  

Seismic, Tank economics, Insulation 
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Performance Test 

• Flow Rate In 

• Flow Rate Out 

• Temperature of water going in 

• Temperature of water going out  

During the Charging and Discharging, measure the following every 15 minutes: 

• Temperature at regular height intervals 

• Pressure at inlet 

• Pressure at outlet 

• Ambient air temperature 
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Abu Dhabi Results 
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Abu Dhabi Graph 
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Stanford TES 2011 Results 



Stanford TES 2011 Graph 
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Stanford TES 2012 Graph 
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