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Recap of testing ASHP’s to AS/NZS 5125.1
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Type 138 - our historical modelling of integral condenser HP’s

From the AS/NZS 5125.1 regression
analysis, we knew the

e COPand

* Power (both electrical and thermal)
Using the Time Series software TRNSYS,
we modelled with the HX being a coil
around a tank (Type 138).
The model assumes water as the fluid in
the coil (sensible heat transfer)
Water entering at the top of the coil.
The coil was assumed to go to the
bottom of the tank.

Condenser INLET
at top of coil

Condenser
OUTLET at bottom
of tank

Historical type 138 modelled
integral condenser coil

Condenser HX
assumed
working fluid
was WATER
(sensible heat
transfer)



Type 138 - our historical modelling of integral condenser HP’s

Q =m x C, X AT

Q = Thermal energy from heat pump

Cp = 418 (water)

m = unknown

AT = unknown

* Given two unknowns; one must be defined for the energy equation to be solved.

e AT is correlated using average tank temperature in a simulation and test data.

* Nearly any AT can be used, as the average temperature will always be the same
(major oversight in AS/NZS 4234:2021)

e Large AT means large stratification, unrealistic thermal recovery, unrealistic
thermal delivery of simulated HP.

* Typical AT is <15°C to reasonably represent stratification, however users have
increased this >70°C.

e QOutcome - Gross overestimation of energy savings.
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Introducing Typel04 - new modelling of integral condenser HP’s

* Replace assumption for sensible heat HX and
model as latent condensing refrigerant.

* We need to compute the condensing temperature
(no AT correlation)

* Once condensing temperature is known, the
thermal energy can be apportioned across the
condenser based on stratified water temperature.

 We know: -
e Total thermal energy transfer
* Geometry and material properties of the heat transfer path
The thermal resistance is the combination of:-
Convective heat transfer of water in tank
Tank lining (thickness and thermal conductivity)
Tank wall (thickness and thermal conductivity)
Bonding paste (thickness and thermal conductivity)
Condenser (wall thickness and heat transfer coefficient in tubing)
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Energy transfer

R tank R
bond
R lining
R Condenser
/&/
R convective T
cond
T;
AL~

Cross section of microchannel
heat transfer path

Heat transfer from condenser to each tank segment

L (Tcond T Ti)
Y
q, = heat transfer to tank segment
Ri =Thermal resistance
T, . =condensing temperature
Ti =temperature of tank segment

N2
0 = z (Tcond - Ti)
Ri
N1

. (NZ — N1+ 1)Tcond - Z%% Ti

R;
N2 = lowest node of condenser
NI = highest node of condenser
0 = net thermal transfer
N
Q R; 2y, T

T —
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Introducing Typel04 - new modelling of integral condenser HP’s

Given the thermal resistance can be determined for multiple condenser technologies
three modes are produced: -

 Mode 4 (microchannel external wrap around)

* Mode 5 (coil wrap around)

* Mode 6 (submerged coil)




Testing of integral condenser HP

HP was tested to AS/NZS 5125:2014 test condition 2 with extensions.
» Storage tank temperature 15°C at the start of the test.

* Heat pump was turned on and allowed to heat until target temperature of 60°C was reached.
A large draw off then commenced, until HP re-commenced heating.
* Heat pump continued operating until again reaching 60°C.
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Initial heating cycle comparison

Physical tested results Simulated results

Near isothermal, however temperature in lower porting  Tank was isothermal — no sub cooling or super-heat in
of tank was lesser (sub cooling of refrigerant) model

DT (condensing to water) decreasing as thermal power DT decreasing as expected
delivery decreasing (COP decreasing)

Tcond ~ 8°C greater than Tcoil Tcond ~ 12C greater than Tcoil

Tested heater only showed 3°C from the top to the bottom of the tank at the end of the heating cycle,
variance between physical test and simulated results are minimal.



Physical test results Simulated results
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Rapid draw off comparison

Physical tested results Simulated results

Bottom sensor (Tank 6) reached incoming water Tank 6 sensor never fell to incoming water temperature

temperature (10°C) with Tank 5 sensor approaching this  of 10°C. Tank 5 temperature didn’t fall as far as expected.
temperature also

Tank 4 sensor (at HP control sensor height) reduced a Tank 4 sensor reduced further than expected.
little at the end of the draw off

Major historical error in TRNSYS has been addressed. Flow in timestep < node volume.
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Reheat comparison

Physical tested results Simulated results

Refrigerant sub cooling at Tank 6 level reduced energy Given sub cooling is not considered in modelling, tank 6
transfer in this region. received more energy than tested.

Tank 4 sensor indicated a trend of reverse energy transfer Tank 4 sensor followed the same reverse energy transfer
at the start of reheat. at the start of the reheat.

Heating time was ~40 mins longer in the simulated reheat, predominantly due to the bottom of the tank gaining
more energy than in the tested product. More energy stored means slightly higher thermal losses in the simulation
(slightly conservative on annual energy savings).



Other goodies in TRNAUS version 24.5 (TRNSYS15 source code)

O o00NOUL AW

Typel04 integrated condenser model is released.
All storage tank models (Types 160, 104 and 145)
* now limit flow to less than the volume of one tank node per timestep.
* Track and report Legionella sanitation acceptance
e Output 3 temperatures at user defined locations
Type 106 (inline instantaneous heater with Legionella assessment)
Type 138 (& 238) is restricted to only be used as a sub-process within thermosyphon models.
Type 84 (moving average) is released.
Type 178 (event detection) is revised to accurately allow multiple instances in one deck.
Type 179 (delayed event detection) is released which can force Legionella cycle daily.
Typel180 (Legionella detection) is called directly within tank models, but can be called independently.
Typel82 (compressor controller) this replaces the Type2 controller and also controls min/max run/off
times and reports hrs of operation and number of heating cycles.

Note — Millions of S in certificate trading schemes (federal and state based) are inherently reliant on
TRNSYS15 that was made obsolete in 2002. We are seeking funding to upgrade TRNAUS to TRNSYS18.
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