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Abstract
The main difference between ring networks and extended ones is the fact that ring 
networks consist of closed contours, so that the gas can pass through two or more gas lines 
simultaneously, which means that such gas contours can be traversed with different feeds, 
unlike the extended lines that are crossed only by a gas stream. This means that the calculation 
of such ring networks must be performed according to a more complicated algorithm than 
straight lines. In other words, the calculation of annular networks is performed through the 
respective optimal models, so as to ensure an optimal operation of such contours in question. 
The other essential difference of annular networks to the straight ones is also noticed in the 
fact that the change of the diameter of any contour penetrating part results in the change of 
the pressure in the starting part of the network. In other words, the diameter, thrust pressure 
and gas flow in the respective ring contour now change, as well as in the whole ring network, 
and thus the calculation algorithm of ring networks is quite complicated. An algorithm for 
calculating ring networks is basically based on the respective rules for ring nodes as well as 
branches of ring contours. For this reason the application of optimal models to the calculation 
of gas ring networks is accompanied by the use of more complicated mathematical apparatus.

Keywords: Gas ring networks, Optimal calculation model, Calculation algorithm to gas ring 
networks.

Introduction

In large thermal networks, ring-shaped networks are formed. Hydraulic calculation 
of ring networks is a complicated problem and in general this calculation is based 
on the law of continuity and the law of conservation of energy, which are analogous 
to Kirchoff’s first and second laws and the equation which makes the connection 
between the flow and the hydraulic resistances.
In this regard, a ring thermal network equipped with flow rules will be analyzed 
(figure 1). The gas enters this network at node 0 and is distributed through the main 
lines I and IV.
Thermal consumers are marked with 1, 2 and 3. Gas flows VI, VII and VIII are kept 
constant through the gas flow regulator. From the material balance is valid:

321 VVVV ++=                                                                           (1).
According to the agreement, the gas flow in the joints is accepted with a positive sign 
and the root of the current pressure in a clockwise direction is taken as a positive sign, 
while in the opposite direction it is taken as a negative sign.
    According to Kirchhoff’s first law, which states that “the algebraic sum of the feeds 
in a node is equal to zero”, it is obtained:
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According to Kirchhoff’s second law, which states: “the algebraic sum of the pressure 
losses in any closed contour is equal to zero”, it is obtained that the root of the pressure 
in the ring network we are considering is:

∑=−++= 22222 SVVSVSVSVSp IVIVIIIIIIIIIIIIδ
                                                   (3).

With SI, SII, SIII and SIV are given the resistances during the gas flow through the 
respective branches of the thermal network. The positive sign indicates that in the 
parts of the gas network which the flow is directed in a clockwise direction it is 
overloaded, while line IV, where the negative sign appears, is not quite loaded. Thus, 
in order for the sum of the losses in the ring to be equal to zero, in the overloaded 
lines (with positive sign) is added the dV flow, which is called the correction flow that 
is subtracted from the not very loaded lines. In this case dV is subtracted for lines I, II 
and III, and added for line IV. Thus, it is obtained:

2222 )()()()( VVSVVSVVSVVSp IVIVIIIIIIIIIIII δδδδδ +−+++++=    (4).
According to this equation we get (after the respective approximation):
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Once the δV inflow value is set, the exact inflow value through each branch is 
determined and the verification is continued again, if the pressure drop δp = 0. is 
reached. Usually, after the second step, the inflow values   are obtained with sufficient 
accuracy.
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Calculation of a composite gas network

For composite ring networks, the number of branches d, nodes N and the number of 
rings are not related to the equation:

1+−= Ndnu                                                                               (5).

The most widely used method for calculating ring networks is the Hardy Cross 
method, which is actually an interactive method for determining network flows.
   In the following, a gas network composed according to figure 2 will be analyzed.
   Similarly to the simple ring network, the first ring U1 can be written:
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For the second circular ring can be written:
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For the third circular ring can be written:
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For the fifth circular ring can be written:
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The sizes ΔH1, ΔH2, ΔH3  andΔH4 represent the values   of the pressure drop mismatch 
in the respective rings. Their magnitudes represent the cause of the mismatch of flows 
through certain lines of the gas network.
Alternatively, during the distribution of gas along the main gas pipe, the following 
equation for gas distribution may be used:
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where is: α- gas distribution coefficient along the main pipe, x- is the ratio between 
the flow of thermal consumer to total gas consumption, n- is the number of thermal 
consumers along the main pipe.
    Figure 3 presents the topological diagram with respect to equation (10).

Statistical managerial analysis of the problem in question

In relation to the analysis in question, it is more important to determine the 
coefficient of elasticity.
   In general for two mutually dependent variables (X, Y) the coefficient of elasticity 
is given according to:
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Analyzing figure 4, for example, we can conclude that for n = 4 and x = 0.5 is ε(α,x) 
= 0.10, which means that when n changes by 1%, the gas distribution coefficient 
changes by 0.1 %, and so on.
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Figure 4: Coefficient of elasticity to the gas distribution problem.

Conclusions

 The paper discusses the issue of calculation of gas ring networks. The main notions on 
the issue that the calculation of the ring network is more complex than the calculation 
of the open network are emphasized. It is also emphasized that in the preliminary 
calculation, the calculation rules according to Circhoff are used in principle, which 
includes the algebraic sum to the energy equation, as well as to the distribution of 
gas for the needs of thermal consumers. Finally, the statistical managerial analysis of 
the determination of the coefficient of elasticity for the problem in question is given.
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