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1. Valve 1-3, cold in bottom of buffer, hot out of top 
2. Valve 1-2 when hot water arrives for as long as tap open
3. Valve 1-2 and 3-4 after tap closed, recharge buffer and pump cold 

back to bottom of main tank
4. Valve 1-4 and pump in reverse to return hot water in pipes to tank. 
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Heat pump 
modelled by 
electric heater ς
on if tank top (?) 
temperature too 
low or if flow 
OUT of top.
Could be electric 
heater (timed) in 
tank

Volume 
sufficient 
to cover 
for heat 
pump 
start up 
time (5 
mins?)

10m long in 
practice, can we 
use < 15mm 
diameter?



Schematic for the valve array



1st process in cycle Initially, when the tap is opened, cold water from the mains pushes water around through the big tank into section 1 of 

pipe, requiring Valve S1 to open. The cold water pushes the hot water in the small tank out the other side of the tank. This will also require 

opening of valves S5 and S7 at the same time as opening of S1.

Thermocouples T2 and T6 will be used to find the heat lost from water in the small tank to the outlet, giving the data to calculate heat loss in 

section 2 of pipe. Flow meters F1 and F2 are used to check flow rates to the required rate as well calculate pressure losses through section1 and 

2 of pipes. 

Thermocouple T7 will be monitored continuously as at certain points of the system, there will be hot water sitting the section 2of pipe and so 

form part of the energy losses of the system.



2nd process in cycleWhile tap is still open, the heat pump will have hot water prepared from the mains cold water. This hot water will flow into 

the Big tank and into section 1 of pipe. Thermocouple T1 will detect hot water and relay a signal for valve S4 to open and S1to close. The hot 

water from the Big tank flows directly to the outlet, giving a continuous flow of hot water.

Thermocouples T1 and T2 will be used for energy losses for section 3 of pipe. Flow-meters will check that flow rates are adequate as well find 

pressure losses in section 3 of pipe and implicitly find pressure losses through the small tank.



3rd process in cycleWhen Tap closes, The Big Tank refills the Small Tank with hot water, pushing cold water out of the bottom of the Small Tank. 

Cold water travels through section 5 of pipe, back into bottom of the Big Tank via the pump unit.

When Tap is closed, the hot water coming from the Big tank is redirected to refilling the small tank with hot water by turning on valve S6 and 

closing valve S7. This causes cold water at the bottom of the small tank to be pushed out and directed to the bottom of the big tank via the pump 

unit. 

Thermocouples T1 and T6 will be monitored to determine heat loss during section 4 of pipe. T8 and T9 are used to check the temperature of 

cold water in the system and investigate possible mixing of hot and cold water.



4th process in cycleThermocouple T3 detects when hot water nearly fills up the Small Tank, so actuation occurs to return remaining hot water in pipes to 

the Big Tank by pumping cold water from bottom of Big Tank, pushing the hot water back to the top of Big Tank. 

When thermocouple T3 detects the small tank has filled up with hot water, Valve S2 closes and actuation of various other valves occurs to reverse flow of 

cold water from the big tank. This cold water pumped back pushes hot water in section 7 of pipe back to the top of the big tank.

Thermocouple T1 will be used to monitor when cold water reaches the big tank, where it relays a signal to stop the process toavoid cold water from 

entering top of the big tank. The flowmeter F1 can be used to determine flow rate of pumping process to determine the efficiencyof the pump.
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Buffer tank valve array with flow meters and thermocouples



Pump valve array


