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Abstract: Aiming at different kind of walls in five cities of different zoning for thermal design, 

using thermal instantaneous response factors method, the author develops software to calculation 

air conditioning cooling load temperature, thermal response factors, and periodic response 

factors. On the basis of the data, the author gives the net work analysis about the influence of 

dynamic thermal of wall on air-conditioning load and thermal environment in building of 

different zoning for thermal design regional, and put forward the strategy how to design thermal 

insulation and heat preservation wall base on dynamic thermal characteristic of wall under 

different zoning for thermal design regional. And then provide the theory basis and the technical 

references for the further study on the heat preservation with the insulation are in the service of 

energy saving wall design. All-year thermal dynamic load simulating and energy consumption 

analysis for new energysaving building is very important in building environment. This software 

will provide the referable scientific foundation for all-year new thermal dynamic load simulation, 

energy consumption analysis, building environment systems control, carrying through farther 

research on thermal particularity and general particularity evaluation for new energy saving walls 

building. Based on which, we will not only expediently design system of building energy, but 

also analyze building energy consumption and carry through scientific energy management. The 

study will provide the referable scientific foundation for carrying through farther research on 

thermal particularity and general particularity evaluation for new energy saving walls building. 

 

1. Introduction 

Building energy consumption account for 

about 30％of all primary consumption in 

China, and air conditioning energy 

consumption account for about of building 

energy consumption[1], air conditioning  

 

 

load of wall, especially in official building, 

is an important part of which, consequently, 

there will be remarkable energy-saving 

results under the optimal thermal design for 

the wall in official building. Dynamic 
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thermal characteristic of wall is not only 

scientific basis for design of architectural 

and environmental system, but also the 

theoretical basis for energy consumption 

analysis and energy manages. So the 

research of dynamic thermal characteristic 

of wall not only provide a technical basis for 

energy saving design for wall and 

architectural and environmental system, but 

also is becoming the key needs to be 

resolved to dynamic air conditioning load 

calculation and optimum control of air 

conditioning system operation. 

2. Mathematical Models for Heat 

Transfer of the Wall 

Heat transfer from of the wall makes a 

thermal system, which are partial differential 

equations and boundary conditions. Based 

on the heat exchange theory, when the 

thickness is far less than the length and 

width of wall, there is one-dimensional 

unsteady heat transfer in the wall [3][4]. 

 
The basis thought of thermal instantaneous 

response factors method[2] is three main 

steps, the process of which is: the disturbing 

quantity curve is dispersed in order of time 

of unit disturbing quantity; solve response 

factors that is the response of wall thermal 

system to unit disturbing; worked out the air 

conditioning cooling load temperature and 

the dynamic thermal basic data by 

superposing and integrating the response 

factors of wall. 

 
3. The Wall Model 

Aiming at the south walls in table.1, by the 

software, this paper analyses and calculates 

the air conditioning cooling load 

temperature and the dynamic thermal basic 

data for the wall. According to reference 

document, the inner surface coefficient of 

convective heat transfer is 8.7 W/m2℃, the 

inner surface coefficient of convective heat 

transfer is 19 W/m2℃; the wall is a 

compound body made up of multi-layer 

structure with different material, the thermal 

resistance of multi-layer structure and the air 

blanketing is come from reference document 

[2], the results is shown as followed in table 

1. 

4. The Analysis on the Calculation Result 

The heat transfer coefficient data and the 

maximal air conditioning cooling load 

temperature value for 6 kinds of south wall 

in summer in Nanjing as shown in the 

following figure1. We could tell that heat 

transfer coefficient of the wall No.1 and is 

No.4 respectively is 0.761 and 0.559, it 

indicated that heat preservation performance 

of the interior-insulation wall No.4 is 

superior to the No.1; and from which we 

could tell that the maximal air conditioning 

cooling load temperature value of the wall 
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No.1 and is No.4 respectively is 65.55 and 

95.83, which indicated that air conditioning 

cooling load increase instead of decreased 

though reduced in numbers of The heat 

transfer coefficient data, and the conclusion 

of No.3 and No.4 are the same. We also 

could tell both the heat transfer coefficient 

of the wall No.5 and that of wall No.4 are 

0.559, but air conditioning cooling load of 

No.5 far fall behind those of No.4. By 

comprehensive comparison of the six walls 

data, we also could tell the wall No.6 

achieve the best performance in heat 

preservation and the lowest value in air 

conditioning cooling load. 

 
To view six kinds of south wall in summer 

in Nanjing, the hourly value of air 

conditioning cooling load temperature 

fluctuation and the greatest value are ranged 

from maximum to minimum: wall No.4, 

wall No.1, wall No.3, wall No.5, wall No.2, 

wall No.6, which indicated that fluctuation 

of indoor temperature of wall are ranged 

from maximum to minimum are the same 

sequence. In summer of coldin- winter-and-

hot-in-summer areas, the thermal insulation 

performance in summer is very important, 

the thermal insulation performance are 

ranged from superior to inferior are the same 

sequence. The greatest value and the 

fluctuation of the air conditioning cooling 

load temperature for No.6 drop off 

significantly. The lower the amplitude data 

of air conditioning cooling load temperature 

fluctuation is, the better thermal inertia 

result of the wall will be, and the better 

thermal stability result will be. All those 

come down to one point: the external-

insulation wall No.6 is the best one in all six 

kinds of walls in energy-saving buildings. 
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5. An Example Result of Computing by 

the Software 

Aiming at a series of new energy-saving 

walls in China building[6], for example, 8th 

wall, see table2, according to the above 

formula, the paper compiles VB programs to 

calculate, and work out air conditioning 

cooling load temperature for new energy 

saving walls, as follows table.3. Partial 

datasheet of 8th wall in table1 is given in the 

paper to fit an available space, the 4th layer 

is expanded polystyrene sheet [6], as follows 

table.2. 

 

 

 

 

 
We can also work out the dynamic thermal 

basic data for new energy saving walls. To 

fit an available space, the paper give just the 

partial datasheet of 8th wall as table.4 and 

the 4th layer is expanded polystyrene sheet 

[6], periodic response factors of which is as 

follows table.4，periodic response factors 

is drawn in figure 5. 
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6. Conclusions 

6.1 In summer of cold-in-winter-and-hot-in-

summer areas and warm-in-winter-and-hot-

in-summer areas, the thermal insulation 

performance in summer is very important, 

the greatest value and the fluctuation of the 

air conditioning cooling load temperature 

for exterior-insulation wall No.6 with 60 

mm XPS board and the air blanketing drop 

off significantly, the lower the amplitude 

data of air conditioning cooling load 

temperature fluctuation is, the better thermal 

inertia result of the wall will be, and the 

better thermal stability result will be. All 

those come down to one point: the exterior-

insulation wall with insulating panel and the 

air blanketing is the best one in energy-

saving buildings. 

6.2 It is concluded that the heat preservation 

performance of the interior-insulation wall 

and the external-insulation wall is the same 

on account of difference coefficient of heat 

transfer, such as the wall No.5 No.4, but 

cold-in-winter-and-hot-in-summer areas, 

warm-in-winter-and-hot-in-summer areas, 

extremely cold areas and cold areas, the 

thermal insulation effect of the external-

insulation wall is far superior to the interior-

insulation wall in energy-saving buildings. 

The coefficient of heat transfer of wall is not 

dynamic thermal characteristic, the air 

conditioning cooling or heating load will 

increase when the coefficient of heat transfer 

of wall decreased, which break completely 

with the conventional ideas that the heat 

preservation performance increase when the 

coefficient of heat transfer decreased. 

6.3 Difference coefficient of heat transfer 

has much higher effect on air conditioning 

heating load than air conditioning cooling 

load. We should select larger coefficient of 

heat transfer for wall in extremely cold areas 

and cold areas, which will be greatly 

reduced air conditioning heating load in 

winter, thereby increase building energy 

efficiency. 

6.4 Compared with the air conditioning 

cooling load temperature for traditional 

walls, the air conditioning cooling load 

temperature for new energy saving walls 
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drop off significantly, so that the air 

conditioning cooling load for new energy 

saving walls drop off significantly, and there 

are marked energy saving in building. The 

software will change the existing condition 

there is a lack of the data for new energy 

saving walls in air conditioning cooling load 

calculation, and apply the result of the 

reforms for new energy saving walls to air 

conditioning cooling load calculation. 

6.5 The software will change the existing 

condition there is a lack of the data for new 

energy saving walls in the dynamic thermal 

basic data calculation. The data in the paper 

is on condition that the environmental 

parameters for air conditioning design are 

inputs. If you feed data of corresponding 

period such as all-year into the software, you 

can get the dynamic thermal basic data for 

corresponding period or all-year thermal 

dynamic load simulation, energy 

consumption forecasting and analysis. The 

software can be applied to the referable 

scientific foundation for all-year thermal 

dynamic load simulation, energy 

consumption forecasting and analysis. 

6.6 The software provide functions of 

calculation the air conditioning cooling load 

temperature, heat transmission coefficient, 

thermal response factors, periodic response 

factors, and Z transfer function coefficient 

for new energy saving walls, which can also 

be used in designing of thermal engineering, 

carrying through farther research on thermal 

particularity and general particularity 

evaluation for new energy saving walls 

building. 

6.7 It must be pointed out that the data in 

software is only for one city. If you feed 

data of the other area into the software, you 

can get the software for the other area. 
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