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Abstract. This paper presents a CFD Heat Transfer Analysis of an originally designed system for heat
recovery in the building sector. The heat exchanger has a dual role, which means it will produce
simultaneously hot water and warm air. The key to the efficiency of the heat exchanger is the heat pipe
system which recovers thermal energy from residual hot water and transfers it to the secondary agents. The
paper includes a case study structured by different mesh distributions and flow regimes. The purpose of the
heat exchanger is to reduce the costs of producing thermal energy and to increase the overall energy
efficiency of buildings.

1 Introduction
The main preoccupation regarding the energy
consumption between 20%-40% in the building sector
and the impact factor of the environment deterioration
and the resource shortage crises has led researchers to
develop new methods used as alternative sources of
energy.
According to the revised Energy Performance of
Buildings Directive released on June 2018
(2018/844/EU) all new buildings must achieve the nearly
zero-energy building status by 31 December 2020
(public buildings by 31 December 2018) and EU
countries must set cost-optimal minimum energy
performance requirements for new buildings, for the
major renovation of existing buildings, and for the
replacement of building elements such as heating and
cooling system, walls and so on. [1]
Because the percentage of the buildings which are
energetically inefficient goes up to 90% in Romania,
while 64% of those are the public buildings, the
European Directives were adopted here also through the
Government Ordinance No. 13/2016 of 27.01.2016
which states that the new buildings will not receive
authorizations if they do not achieve the nearly zero
energy buildings (NZEB) status. [2]
One of the means that can help achieving this goal is
the recovery of waste thermal energy from used water.
There is a significant amount of thermal energy which
can be recovered from the domestic hot water from
bathrooms and kitchens for the residential and public
sector [3, 4] and the cooling fluids in the industrial sector
[4-8].
There is a wide range of heat exchangers used for
this purpose, among them the heat pipe heat exchanger is
already well known.
Heat pipe heat exchangers can also be used to
recover the heat from the flawed air evacuated from
*

buildings and to heat water in a cross-flow circuit [9] or
to preheat fresh air used in the heating, ventilation and
air conditioning system [10-12] or waste heat recovery
[13-16].
The heat recovery by waste technology to use
efficient resources and energy for combined cooling,
heating and power systems [17] was focused to operate
the system in cooling mode.
Energy performance for a dual source heat pump was
analysed using TRNSYS, resulting that the heat recovery
system can be very useful to solve the problems of the
ground temperature drift [18].
Some other studies on achieving the NZEB status of
buildings were focused on using geothermal energy as
the primary heating source [19-21].
In their study, J. Xu et al. recovers energy from a low
temperature dual heat source, water and air, using the
evaporator part of a dual pump and they test it under
several parameters in ten groups of tests conducted
separately [22].
To achieve the objective proposed in this study, there
were performed several analysis and simulations with
the same boundary condition for different mesh sizes and
different flow regimes. The geometry of the heat
exchanger was built in 3D using Autodesk Inventor
Software. The CFD analysis was made using Autodesk
Simulation CFD software, to determine the energy
performances in various assumptions of the proposed
system.

Nomenclature
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European Union
Nearly zero energy building
Computational fluid dynamics
Dual heat recovery system
Heat pipe
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(water), 4- secondary agent outlet (water), 5- secondary agent
inlet (air), 6- secondary agent outlet (air), 7- condenser zone
(stainless steel), 8- evaporator zone (stainless steel), 9- heat
pipes (copper), 10- flow deviation (stainless steel).

Temperature of the primary agent – inlet, [°C]
Temperature of the secondary agent – inlet, [°C]
Temperature of the secondary agent – inlet, [°C]
Volume flow rate of the primary agent [l/min]
Volume flow rate of the secondary agent(water), [l/min]
Mass flow rate of the secondary agent(air), [kg/h]
Length of the evaporator, [m]
Width of the evaporator, [m]
Height of the evaporator, [m]
Length of the condenser, [m]
Width of the condenser, [m]
Height of the condenser, [m]
Diameter of the water circuit inlet/outlet, [m]
Diameter of the air circuit inlet/outlet, [m]
Diameter of the primary agent circuit inlet/outlet, [m]
Length of the heat pipe, [m]
Diameter of the heat pipe [m]

2 Testing methods
simulations results

and

The entire volume of the condenser is equally split in
eleven volumes. The cold water used as secondary agent
enters in the condenser zone through the bottom volume
and goes straight to the top volume through the gap
between the heat pipes and the 30.0 mm tube. The heat
pipes are basically washed by this secondary agent.
The remaining nine volumes are creating a path for
the other secondary agent which is air. The cold water is
extracting heat from heat pipes but in the same time is
heating up the air inside the condenser.
The dimensions of the geometry are as follows:
•
Evaporator: lev=0.7m, wev=0.115m, hev=0.35m;
•
Condenser: lco=0.7m, wco=0.115m, hco=0.65m;
•
DHRS: lDHRS=0.7m, wDHRS=0.115m, lDHRS=1m;
•
Heat pipe: lHP=0.9m, dHP=0.015m;
•
Water circuit inlet/outle diameter: dw=0.03m;
•
Air circuit inlet/outlet diameter: da=0.07m;
•
Used water circuit inlet/outlet diameter: du=0.05m.

numerical

2.1. Description of the 3D model

2.2 Boundary conditions

The geometry of the DHRS was created using Autodesk
Inventor Professional software. As we can observe in
Fig. 1 the main parts are the condenser and the
evaporator. Ten heat pipes with a diameter of 15.00 mm
are inserted vertically through the main parts to extract
thermal energy from the primary agent and transfer it to
the condenser zone.

The simulations were performed using the same
boundary conditions for all the cases, but we choose
three different flow regimes: laminar, turbulent k-epsilon
and turbulent SST k-omega. Also, for the turbulent kepsilon flow we ran three more simulations with smaller
mesh sizes to check if the results get more accurate.
Table 1. Boundary conditions.
Primary
agent

Secondary
agent (water)

Secondary
agent (air)

Qu

Qw

Qa

10 l/min

2 l/ min

50 kg/h

T1u

T1w

T1a

50 °C

10 °C

10 °C

2.4 Meshing
The meshing discretization was made using Autodesk
CFD Simulation software. Without adjusting the size
based on local curvature and including both solid and
fluid zones, after a surface refinement we got an
approximate element count of 920K.
For the next simulation we decreased the size to 0.7
and we got a finer mesh of 2.1M elements. Then we
adjusted the initial size two more times, until we got 3M
elements, respectively 4M elements. (Fig. 2)
Fig. 1. Dual Heat Recovery System, 1-primary agent inlet
(used water), 2- primary agent outlet, 3- secondary agent inlet
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2.5 Results
The equipment has proven to be efficient for each flow
regime. The temperature of the water exiting the DHRS
varies between 26.2 °C and 20.4 °C and the temperature
of air varies between 23.7 °C and 16.6 °C, depending on
the flow regime. (Fig. 3)

Fig. 3. The temperatures of air and water exiting the DHRS.

When the flow is modeled with the k-epsilon
turbulence model, we can observe that after the 4 th heat
pipe, the velocity vectors become swirly and the first
three heat pipes are hotter than the rest of the heat pipes.
(Fig 4) The temperature of the air exiting the equipment
is 23.7°C and the temperature of water is 26.2°C.

Fig. 4. K-epsilon turbulent flow mid-plane section.

The swirls also appear with the SST k-omega
turbulence model but this time in the middle area of the
evaporator. Although the heat pipes seems to have
higher temperatures in this case, the more intense
movements of the secondary agents in the k-epsilon
model makes them recover more heat from the primary
agent. (Fig 5) Therefore, we have 24.9°C for the water
and 20.9°C for the air.

Fig. 2. Mesh discretization, A-920K elements, B-2.1M
elements, C-3M elements, D-4M elements.
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Fig. 7. Temperature contours for different mesh sizes, A-920K
elements, B-2.1M elements, C-3M elements, D-4M elements.

Fig. 5. SST k-omega turbulent flow mid-plane section.

When the flow is laminar, we have a smooth velocity
profile inside the evaporator from one end to the other
which means the heat exchange between the primary
agent and the heat pipes will be less intense, and the
secondary agents will recover less thermal energy,
therefore the temperatures of the secondary agents
exiting the DHRS are the lowest. (Fig. 6)

Fig. 8. Temperature contours for different mesh sizes, B-2.1M
elements.

Fig. 6. Laminar flow mid-plane section.

By decreasing the mesh size, we can have a better
visualization of the flow inside the evaporator and the
swirls that appear after the fourth heat pipe. (Fig. 7,)
To check the influence of the mesh on the results, we
created four scenarios with the same boundary
conditions but with different mesh sizes, using the kepsilon turbulent flow. First, we set the number of
elements to 920K and we kept increasing the number
elements for finer meshes such as 2.1M elements, 3M
elements and 4M elements. (Fig 8,9,10).

Fig. 9. Temperature contours for different mesh sizes, C-3M
elements.
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The mesh size has influenced the results. The
analysis shows that the temperatures tend to stabilize
when the mesh reaches somewhere around 4M elements.
The dual heat recovery system can be an efficient
environmental-friendly equipment for increasing the
energy performance of buildings and can be designed
with different capacities according with the building
destination or the users requirements.
The DHRS is producing both hot water and warm air
simultaneously by using a residual thermal agent and can
be realized with relatively low costs compared with the
classical heat exchangers and can be easily integrated in
all type of new or existing buildings in close correlation
with the revised Energy Performance of Buildings
Directive released on June 2018 (2018/844/EU) which
shows that all new buildings must achieve the nearly
zero-energy building status by 31 December 2020.
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