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Abstract — In this paper, by analyzing the engineering instances of residential architecture design, we discuss proposals to optimize 
the choice of solar energy heating and construction schemes of an integrated design and systematic selection under different 
circumstances in residential architecture design. We aim to provide realizable methods in solar energy application in the design of 
residential architecture and promote the widespread use of solar energy in residential buildings.  
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I. INTRODUCTION 

In our country the applied research of combination of 
solar energy and architecture began in the late 1970s, all the 
time the combination of solar energy and architecture 
creates a low-energy, high comfort level and healthy living 
condition, not only makes residents families live more 
natural and more environmentally friendly, but can save 
energy, emission reduction and reduce pollution. At the 
same time, the combination of solar energy and architecture 
presents its irreplaceable position increasingly and become 
a new bright spot in the construction of residential, it is of 
great significance to realize social sustainable development 
[1].  

At present we can see the various forms of solar water 
heater in the housetop it is like a refrigerator, color TV has 
gradually become the basic consumer goods of people's life, 
however, the current solar water heater just consider its own 
structure and function, neglect the integrity in the building, 
and almost break the whole image of the building without 
any exception. In fact, solar thermal collector own an effect 
of waterproof thermal insulation by itself [2], it is similar 
with the function of building maintenance structure, so if 
we can put buildings with solar energy facilities together 
into consideration, realize the organic combination between 
each other, not only save the investment and keep the 
overall aesthetics of architecture from being destroyed, but 
maximize the use of facilities and building integration 
problems[3].  

II. THE CONSTRUCTION SCHEME OF INTEGRATED 
DESIGN AND SYSTEMATIC SELECTION 

The aesthetic principle and technique of integration 
residence residence of solar water heater and construction 
scheme and systematic selection, which is the secondary 
product design and processing of solar energy hot water 
system by architects, is a key step to realize the 
“integration”. The contents include the selection of 
installation site and construction scheme design, both 
consider how to ensure work efficiency of solar water 

heater and harmonize well with construction, using function 
and beauty of residence. In order to ensure sufficient 
sunshine time, the installation position of collector may 
include roof and south wall and balcony [4]. The following 
discussion is on the different installation positions.  

Rooftop part. When solar water heater install on the 
rooftop, due to their higher position, they can form nature 
pressure head. Pipelines selection can be more flexible, 
both choose the top water type and the down water type [5]. 
Corresponding collector type also have greater freedom, 
like natural-circulation, force-circulation and straight-flow. 
But residence roof forms have flat roof and slope roof, they 
need to focus on the dynamic integration and connect of 
solar energy equipment and different roof forms.  

In terms of the installation of the water heater, the 
advantages of flat roofs is that the construction is more 
expedient, the connection technology of collectors/holder 
and roof structure. And flat roofs are unable to see in the 
general viewpoint, so do not need to take the coordination 
of the shape of the collector and building elevation into 
consideration continually. Given by this situation that the 
high-rise or other location can see the situation of the flat 
roofs, collectors are just in alignment [6]. While slope roofs 
install the solar water heater, according to their different 
gradients, we can install the collectors on the roof directly, 
and also install by brackets, but do not affect the use of the 
building and appearance. In fact, many residential slope 
roofs in our country are a bit slow relatively. A bit slow tilt 
Angle is more conducive to collectors to accept solar 
diffuse radiation, can not install holder separately again. As 
the normal viewpoint of slope roofs is common visibly, the 
collectors can enrich the appearance of slope roof. The 
disadvantage is that the construction will be involved in the 
waterproof problem, and technology is relatively complex.  

A.   The Installation of Flat Roof 

When solar water heater install on flat rooftop, we 
should consider the plane installation site of collector, try to 
reduce the length of the horizontal pipelines, and put the 
collector at the top of the toilet. The advantage is that the 
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floor here is cast-in-site concrete structure, it is beneficial to 
set pipelines and fixes support.  

If users choose the straight-flow water heater, the 
collector can be used horizontal installation directly on the 
roof above, which reduce the wind load and increase the 
security of the system. What is more, due to cover by the 
collector tube and reflecting plate, which enable the thermal 
insulation effect of rooftop to strengthen, thus reduce the 
indoor temperature of residence top-level in summer, also 
minimize heat bridge effect in structural connection. 
According to the location of the local and physical 
geography situation, installation personnel rotate collector 
tube when they are debugging, adjust the angle of heat 
receiver best, which can achieve the better collection 
efficiency.  

If users choose the re-circulation water heater, heating 
device should be installed in a certain inclined angle Fig. 
1~Fig. 3, the collector need to add some support and 
connect with roofing structure.  

The thickness of cold-roll steel sheets of support should 
not be less than 2mm, the thickness of corrosion steel plate 
should not be less than 1. 5mm. The 40mm thick concrete 
rigid waterproof layer can be added above the flexible 
waterproof on the roof construction, the connection of 
embedded iron casting and support can use welding and 
bolted connection.  

 
 

 
Fig. 1. Flat roof horizontal type 

 

 
Fig. 2. Flat roof diagonal type 

 

 
Fig. 3. Diagonal type of combination of flat roof and slope roof 

B.   The Installation of Slope Roof 

Ordinary solar thermal collector all need to have a 
certain inclined angle, it is natural to utilize the structural 
slope of slope roof. Because of the drop ceiling space under 
the slope roof floor, which can accommodate horizontal 
pipelines, the planimetric position of collector can be more 
flexible, as shown in Fig. 4~6.  

It had better choose hot-water system of the separation 
of collector and storage tank in the design, put the storage 
tank in the drop ceiling, which can reduce the roof load. 
When natural circulation is used, it is required that collector 
is not higher than the tank water level, and there is no limit 
to use the forced circulation.  

 
 

 
Fig. 4. The diagrammatic drawing that slope roof install split type    

 
Fig. 5. The drainage component Diagram that slope roof install the 

collector 
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Fig. 6. The different forms of roofing embedded solar water heater (split 

type) 

On the other hand, our country appear water tank-
collector integration solar water heater of relatively even 
distribution of quality. The weir type solar water heater 
overcome the disadvantage that single tube plumbing can 
not use hot water at any time at 24 hours and operate 
cumbersomely, filling with water does not need any 
operation, turn on hot water at any time in normal weather, 
special construction, is fit for gable roof Fig. 8, low center 
of gravity, the installation is quiet convenience and 
steadiness.  

     
Fig. 7. The installation diagrammatic drawing of solar water heater of the 

weir type 

 

 
Fig. 8. The practical engineering of solar water heater of the weir type 

The slope roof horizontal tubular solar water heater 
Figure 9 is the most suitable for slope roof bungalow and 
building, the shape of water tank like “biscuit” pressed to 
slope roof, overcome the different kinds of disadvantages 
such as solar water heater that has high center of gravity, 
installation difficultly on the slope roof and so on, safe and 
reliable, smooth shape, regular installation is tidy and 
beautiful, has been installed supporting in large number by 
real estate agency. Their common characteristic is that 
water tank and collector fit together, reduce the cost of 

pipeline. This way is suitable for multi-storey residential 
single-family.  

 

 
Fig. 9. The installation diagrammatic drawing and  instance diagram of 

slope roof solar water heater 

Under the rooftop installation, technical measures of the 
architecture and structure design: 
      The existing problem for installing solar water heater in 
the roof has become the problem that integrated 
combination must be faced, which need to be considered 
from the architectural design and structural design, and take 
the corresponding technical measures[6]. The following 
specific measures have been put forward： 

Set the special stairs to roof. Each residential building 
sets up a special stair, and the stair should be located in the 
middle unit, use concrete stair or metal stair. The exit need 
rain-proof facilities. The passageway should be set to 
connect roof exit of stair and installation platform, which 
avoids persons walking in other parts of the roof, causes the 
damage of the waterproof layer and disable the open floor.  

Set the pipe hole in the interior wall. The pipe hole is set 
in the interior wall, provide plumbing pipelines for the 
water heater, the pipe hole can be formed by using 
prefabricated perforated concrete block into the wall, the 
hole diameter is about 150mm, each unit will set up one. 
The pipe holes connect with rooftop installation platform 
preformed hole, which avoid the pipes hanging on the wall 
outside to impact building facade effect and beautiful, and 
reduce the pipelines heat dissipation problem.  

Set banding heater installation platform. The length-
ways or transverse banding solar water heater installation 
platform is set in the surface roof, platform width should 
need meet the requirement of installation of water heater, 
and set apart aisle width, is about 1. 5~2. 0m. The platform 
use cast-in-place reinforced concrete slab, increase the 
rigidity, create condition for the installation and fixation of 
water heater as well, and become maintenance aisle. In 
order to be convenient for water-tightness, the platform 
should be above the surface roof, but not higher than 
overhead thermal-protective coating height.  

Enhance strength of thermal-protective coating concrete 
slab. Because thermal-protective coating concrete slab has a 
little influence on safety and function of the residence, 
construction units do not pay enough attention on the 
quality of them. The concrete strength（C15~C20）is not 
high enough, their production id sloppy, their strength is not 
checked as usual, after persons walk on them, they often 
have a dehiscent situation due to lack of strength, affect the 
thermal barrier effect. To ensure the strength grade of 
thermal-protective coating concrete slab that is not lower 
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than C20, which should be included in the range of quality 
inspection, and insure to achieve its design quality 
requirement.  

Maintenance passageway according to the requirement 
of the accessible roof to construct. The maintenance aisles 
and aisles in other parts of the roof that located at the water 
heater installation platform, after the completion of the 
waterproof layer construction, wipe with a layer of cement 
mortar of 20~30mm thickness, or pave clinker and other 
flooring, which ensure the function and longevity of 
waterproof layer.  

The installation of water heater that will influence the 
housetop can not be ignored, otherwise it could lower the 
function of the residence roof, also influence the residents’ 
life directly. Therefore we need positive thought in the 
design, sufficient thought from architecture design and 
structure design, perfect residential functions further, enable 
residences to satisfy the various requirements of residents 
preferably. The comfortable, elegan, suitable living 
environment should be created for residents.  

C.   Metope and Balcony 

Installing the solar water heater in metope or balcony 
can reduce the length of pipelines, increase the heating area, 
reduce the heat loss. The installation of high-rise residence 
can not be replaced by other way. And its location is often 
at the facade of visual focus, can become a key factor of 
facade form, which conform the thought of integrated 
design further. There is no enough elevation difference 
between the water heater and the water side, so the 
installation system should adopt the top level water pipeline 
in metope or balcony. Furthermore, it had better try to 
choose the separation of collector and storage tank system 
as same as slope roof, which can reduce the probability of 
fall injury. According to the different service condition, 
component connection can divided into stationary and 
mobile type .  

Stationary type:stationary type is that user no longer 
move the water heater’s position or angle after install it Fig. 
10~11. So collector should be able to achieve better 
efficiency at the beginning of the installation, and will not 
cause confusion in the facade or unsafe factors. Obviously, 
collector is fixed in the oblique cantilever, which will form 
unsafe factors whether they are in mechanics and 
psychological. Therefore, under the current technical 
condition, more practical and feasible project is that we can 
install straight-flow horizontal collector tube or flat plate 
type collector in the vertical wall Fig. 12 and the thermos 
tube type on the balcony column board Fig. 13. Collector 
can be suspend solely below the apricus balcony or exterior 
wall window,  which solve the problems that collector 
should be installed in the high-rise building and low-rise 
housing but afraid pipes are too long and can not be 
installed in the rooftop thoroughly. The water tanks hang on 
the balcony ground or at the room corners. Full-automatic, 
using hot water with unscrewing stopcock. The pipelines is 
not in the outdoor basically, they is not afraid of freezing in 
winter, because of the Unique condenser patent technology, 
and it is convenient to eliminate the ash on the surface 

collector, the winter water temperature is much higher than 
the roof type.  
 

 
Fig. 10. The metope fixation whole heat pipe type  

 

 
Fig. 11. The metope fixation fission  heat pipe type     

 
Fig. 12. The metope fixation fission flat plate type 
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Fig. 13. The balcony fixation fission heat pipe type   

 

 
Fig. 14. The metope mobile fission flat plate type 

Mobile type: The mobile type connection is that 
collector can be controlled by the users and move on the 
bracket slide rail, which enable to stick them on the vertical 
wall, also bevel outside to achieve the best heating effect.  

The mobile type connection is that recirculation 
collector often adopt the mode. A more perfect situation is 
that the support is installed above the windows, the rest 
parts can be folded up except the bracket. When users use 
collector, the collector should be put a suitable place and 
angle, collect heater at same time as having a sunshade 
effect, which especially fit the situation that solar altitude is 
relatively high in summer. Setting gears on the overhanging 
support can enable the collector to be in a best angle in 
different seasons. The collector’s opening and folding can 
utilize the underlying pull rod to complete. The 
disadvantage is that the collector has been in the window 
lintel position, and this storey has not enough space to 
accommodate water tank, so the water tank should be 
placed in the upper story interior when it adopts natural 
circulation. But if forced circulation is constructed and used 
in large-scale, and neither the above-mentioned content is 
convenience nor it becomes a problem. Furthermore, the 
mobile type connection can also apply on the vertical 
balcony railings or outside breast board. Because the 
climate of northeast China region is cold, which they 
seldom use open balcony, meanwhile this way is limited by 
the conditions of existing technology development, it is not 
suitable for use.  

III. CONCLUSION 

Through the above analysis, the design of integration of 
the residential solar water heater will exist a relatively 

obvious difference with the existing residence in form and 
style, is unique among different styles of residence, for 
residents or developers, its unique identification exists 
attraction. More importantly, this integrative design 
represents a new things, its future and vitality are both 
unlimited. There is a lot of project of integration of the 
residence and solar water heater, each has characteristics, 
according to the various factors that include the features of 
the project, regional climate characteristics, engineering 
technical indicators and so on and structural scheme in 
practical engineering, come true the integration of the 
residence and solar water heater indeed, thus promote the 
widespread use of solar energy in building.  

Solar energy utilization in our country has been 
researched and developed for twenty years, made great 
development, but compares with developed countries in 
Europe and America, there is still a big gap. Especially the 
technology of integration of building and solar energy, it is 
just an initial stage in our country basically the technology 
of integration of building and Photovoltaic-PV in developed 
countries has been quite mature, this aspect in our country 
is still in the test and demonstration project phase. To come 
true the integration of the residence and solar energy, 
architects and designers should take an active part in the 
design of the solar energy components, through the 
synchronous construction and building design, enable solar 
energy utilization system to blend into building perfectly 
and unify beauty and functions.  
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