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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In recent years, underground pipe gallery has become more and more important. Its Special working environment 
makes temperature monitoring and control increasingly important. paper applies heat-transfer differential equation 
to the cable to obtain the similarity criterion of cable temperature distribution. After calculating the electric cabin 
model with different fire separations, it is found that the temperature distribution of the same ampacity in different 
fire separations conforms to certain rules. The temperature distribution of different ampacity in the same fire 
separation is also regular: the ampacity rises. 5%, temperature rises by 7%. As a result, the fitting formulas of the 
current carrying capacity, the length of the fire separation and the location of the highest temperature were also 
proposed. 
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T∞ Inlet air temperature 
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r  Point to cable core axis distance 
λ thermal conductivity 
  heat source density 
θ cable core dimensionless temperature(θ=T/T∞) 
Θ cable insulator(Θ=(T-T∞)/T∞) 

1. Introduction 

Underground pipe gallery can effectively solve the problems of land resources lackness, unreasonable pipelines 
laying etc. It can efficiently use urban underground space to make the city beautiful. Therefore, the construction of 
an underground pipe gallery will become more common in the future.  

The large construction volume of underground pipe projects makes it difficult to predict operating conditions in 
advance and lacks technical standards. The scale model that can be verified by experiments has become an effective 
way to simulate the temperature distribution of the electric cabin and to study the heat transfer characteristics of the 
electric cabin cable[1-3]. At present, the finite element simulation software is used at domestic and foreign to 
calculate the cable temperature distribution[2-5]. For the experimental calculation of cable core temperature, 
predicted the ampacity of power cables by measuring the sheath temperature of cable insulation is Acceptable[3-5]. 
Several studies have also been conducted on cable temperature in different environments, [6]studied the difference 
in the temperature of power cables under different environments such as the cable spacing and the cable layer. 
Further, the effect of pitch and cable trench depth on cable temperature was also studied[7-10]. [6]. In some articles, 
the effects of ambient conditions such as cyclical changes in the surface temperature and the continuous operation of 
the cable over a period of time are taken into consideration[11-13]. 

In this paper, the temperature field is simplified to a one-dimensional model, and the Dimensionless number of 
the cable temperature in the electric cabin is proposed from the differential equation of heat transfer. By numerically 
efficient simulation tool, the relationship between fire separation and ampacity was studied. The law of cable 
temperature distribution and the fitting formula were obtained through the experiment in order to make the future 
more convenient to study the heat transfer of the cable. 

2. Physical model of temperature field in electric cabin 

2.1. Cable core temperature field model 

Due to the long cable span, less bending, and large shaft diameter ratio, the experiment ignored the radial heat 
conduction of the cable core. To make equation Dimensionless, Defining θ=T/T∞ . Therefore, one-dimensional 
cable core temperature field function can be obtained based on the Fourier heat conduction equation: 

1 1( , / 2 )f x rr T                                     (1) 

Therefore 2
1 1/ 2r T  is a Dimensionless number. 

2.2. Cable insulation temperature field model  

Convective heat transfer is the mainly. boundary condition of insulation. Defining wT T   ;   /wT T T   to 
make equation Dimensionless: 

1 2 2

2 2 2

; ;
2
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   

 
                               (2) 
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It can be seen from the above formula that 
1 2 2/ 2rr T  and 

2 2/hr  are Dimensionless number which determine the 
temperature field of cable core. 

3. Method and procedure 

3.1. model 

In order to verify the reliability of similar theory, this paper sets up two models: model1, model2. The parameter 
provided by the relevant units is shown in the table1: 

                        Table 1. Cable parameters 

Parameters Value Parameters Value 

Electric cabin cross-sectional area (m2) 9 Cable core resistivity 0.00000002 
Cable diameter (m) 0.25 Thermal conductivity of air (w/(m·k)) 0.0243 
Voltage (kV) 220 Thermal conductivity of wall (w/(m·k)) 1.74 
Ampacity (A) 1900 Thermal conductivity of solid (w/(m·k)) 1 
Number of cable cores 1  Thermal conductivity of insulator (w/(m

·k)) 
0.3 

Cable core cross-sectional area (m2) 0.0075 Thermal conductivity of cable core (w/(m
·k)) 

401 

 
The calculation formula for the heat value per meter of a single cable core provided by the relevant unit is 

2 /Q I S ,(  is cable core resistivity; S is cable core cross-sectional area). So the real cable heat value per meter is 
346.6w/m. Model 2 is a laboratory test bench model, which uses electric heaters to simulate heat source and lagging 
to simulate insulator. According to Dimensionless number 1 2 2/ 2rr T  , heat value per meter of model1 is 61.96w/m 
and model2 is 7.8w/m. The model parameters are shown in the table2: 

Table 2. Model parameters 

Model Parameters Value 

Insulator Inner radius of model1 (m) 0.0097 
Insulator Outer radius of model1 (m) 0.025 
Heat value of model1 (w/m) 61.96 
Insulator Inner radius of model2 (m) 0.0065 
Insulator Outer radius of model2 (m) 0.015 
Heat value of model2 (w/m) 7.8 

2.2 Sketch of model 

Front view, and side view of model is shown in Figure1. 
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Figure. 1. Front view and side view of model 
1—insulation；2—cable core；3—fan；4—wind duct；5—anemometer；6—differential pressure pickup；7—computer； 

8—thermocouple 

The numbers in front view are the serial numbers of the cables. The cables 1, 5, 9 and 13 are defined as the 
external cables. The 2, 6, 10, 14 cables are inner row cables. 

5. The relationship of fire separation and cable load  

During the construction of the electric cabin, fire separations with vents need to be built. In this paper, several 
simulation experiments were conducted to explore the relationship between the ampacity and the length of the fire 
separations. The length of fire separations in the electric cabin for the scale models in the experiment were: 12m, 
18m, 24m, 30m, 36m. The corresponding is 60m, 90m, 120m, 150m, 180m. As shown in the previous table, the full 
load condition has a current carrying capacity of 1900A, a variable load of 90%, and 80% of the ampacity, that is, 
1710A and 1520A. Due to limited space, only the calculation results at 12m, 18m, and 24m are shown. 

5.1. Temperature distribution of external cables in different fire separation at full load 
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Figure. 2. Temperature distribution of full-load cables at different fire separations 

In the first 6 meters, the temperature of each cable in the electric cabin is relatively close, but the temperature 
difference becomes apparent after 6m. The temperature of No. 1 cable is the highest, and the temperature of No. 13 
cable is the lowest. As the distance increases, the temperature of the No. 5 cable will gradually increase and exceed 
that of the No. 1 cable. At the same time, the temperature is close to the limit temperature of 90° C, therefore the No. 
1 cable temperature is still the highest.  

5.2. Temperature comparison and function fitting of No.1 cable in different fire separation under different loads 

It can be seen that the maximum temperature of No. 1 cable and its position is a logarithmic function when the 
fire prevention interval is gradually extended. After the fire prevention interval is increased, the computer simulation 
closely matches the calculated results of the existing length. 

The fitting formulas under different loads are as follows: 

Table 3. Functional expressions under different loads 

load Functional expression A0 t1 y0 
100%  1/

0 0
x ty A e y   -15.62716 15.15619 89.02146 

90%  1/
0 0

x ty A e y   -12.60645 15.64293 77.85372 

80%  1/
0 0

x ty A e y   -9.63776， 14.2057 67.3201 

5 Prediction and verification of fitting formulas 
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Parameters of fitting formulas obtained in Figure 3 are constantly changing under different load. Organize the 
parameters into a graph: 
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Figure. 3. Fitting formula parameters and load rate diagram 

It can be seen that A1, t1, y0 are distributed linearly with the load rate, and they satisfy: 
0 0.29947 14.31984A x   ; 1 0.1425 2.8057t x  ; 0 1.085 19.4799y x  . Then A1, t1, and y0 at 85% load are:-

11.13511; 14.8192; 72.7454. and A1, t1, y0 at 95% load are: -14.12981; 16.3432; 83.5951. 
The temperature curve of No. 1 cable under different fireproof intervals at 85% and 95% load and the function 

fitting curves are shown in the figure 4: 
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Figure. 4. Maximum temperature point for 85% and 95% load cables at different fire separation and Fitting functions 

From fig.5, it can be seen that A1, t1, and y0 at 85% load are: −111.661242; 14.43356; 72.45786, the A1, t1, and 
y0 at 95% load are −14.19997; 15.97402; 83.51166, respectively. The specific results obtained and numerical 
predictions can be derived from the table 5: 

Table 4. Calculation and verification of fitting formula parameters       

Parameters Predictive 
value at 85% 

load 

Function 
fitting value at 

85% load 

Percent 
difference 

Predictive 
value at 95% 

load 

Function 
fitting value at 

95% load 

Percent 
difference 

A1 -11.13511 -11.61242 4.29% -14.12981 -14.19997 0.49% 
t1 14.9182 14.43356 3.25% 16.3432 15.9740 2.31% 
y0 72.7454 72.45786 0.39% 83.5951 83.51166 0.1% 

The difference between the theoretical formula's fitting formula parameters and the simulation calculation is less 
than 5%, which is reliable. The relationship between the location of the highest temperature point of the different 
load cables and the length of the fire separation can be expressed by the following formula: 

/(0.1425 ) 2.8057)
1900( 0.29947 14.31984)e (1.085 19.4799)

wx
y w w

                                        (3) 

Where y is temperature of cable core; x is measuring point to air inlet distance; w is cable ampacity. 

6. Conclusions 
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 When changing the cable ampacity, the cable temperature moves up and down compared to the standard 
operating conditions, verifying the similarity theory obtained above. 

 In the same load conditions, the maximum temperature of the cable has a significant relationship with the 
fire separation, which is approximately a logarithmic curve. 

 The relationship between the location of the highest temperature point of the different load cables and the 
length of the fire separation are obtained. 

7. Discussion 

The experimental verification will be carried out in the follow-up work. The construction method of the 
experimental platform has been given in Figure 1, and it has been completed. The effect of localized intense 
turbulence at the fire-fighting interval on the air inlet and outlet and the quantified relationship will be demonstrated 
in future work, and the impact of radiation will also be taken into consideration.  
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