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Abstract 

 
The paper presents a new mathematical model which uses both classical equation and the latest 
mathematical correlations occurring in the literature regarding the determination of the physical-
chemical parameter of gas and also a computer model based on the algorithm performance previously 
developed on the mathematical algorithm has been developed, in order to design and accurately and 
rapidly size the fixed nozzles with cylindrical diameter. The accuracy of proposed modern technology 
design is to increase the accuracy of calculating productivity gas wells in a much shorter time. However, 
the paper seeks to realise a specialisation program with the practical and economic impact in an 
important area of gas extraction industry. 
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Introduction 

 
Establishment of an operating system of gas wells is to regulate pressure, respectively the flow 
gas of well, by appropriate choice of adjustable diameter orifice nozzle or fixed nozzle assembly 
out of the Christmas tree or the supply pipeline, near well. The gas passing through the nozzle 
orifice can be two types of flows: sonic or subsonic regime [3, 4, 6, 7]. 
Fixed nozzles have constant cross section and adjustable nozzles have variable cross section. 
After their location the fixed nozzles can be: the surface or bottom nozzles. The gas passing 
through the nozzles, by reducing the flow section, causing an increase of speed and also a 
decrease of gas pressure, whose value is determined by the diameter of the nozzle. Gas flow 
produced by the well is calculated with the relationship will continue in this paper.  

 
Determination of gas flow passing through the nozzle of the  
swivel flow head  
 
The gas flow passing through the swivel head nozzle is calculated using the relation: 
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where: Q is the gas flow, in m3N/day; µ - efficiency coefficient of the pipeline, usually about 
0,95; d – diameter of the bean hole, in mm; p1 – gas pressure into the bean, in bar p2 – gas 
pressure out of the bean, in bar; δ – relative density of gas to the air; T1 – absolute temperature 
of the gas into the bean, in K; Z1 – gas compressibility factor [5, 6]. 
The above relation may be rewritten as:  
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where the value of the relative density for methane is δ = 0,554. In this case only the following 
equation is valid:  
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At the same time, the following notations for the below factors have to be used: 
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In the case of calibrated cylindrical nozzles, the mathematical relation below is used for the 
determination of the expression K : 
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K   (5) 

For determining the methane gas flow the passes through the calibrated cylindrical nozzle 
(Lapuk) the following relation is used:  

KpCQ  12 , (6) 
where C2 is a coefficient for calibrated cylindrical nozzles whose values are calculated and 
shown in the literature.  

 
Mathematical correlations needed for drawing up the model 
 
Drawing up the computer model requires a fluent mathematical algorithm which should not 
depend on the reading or using the diagrams and the data tables. For this reason, the paper  to 
model as accurate as possible the function φ, the coefficient K  and the coefficient cstas – for 
the cylindrical nozzle, which directly interferes in the flow relation, finally leading to a better 
accuracy of the computer program and the execution speed [1, 2, 3]. 
The following mathematical correlations of the elaborated ones are shown below:   
a. Determination of function φ for the subsonic flowing domain, that is p2/p1>0,552, 
- the pressure ration is Reg, so: 
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b. Calibrated fixed cylindrical nozzles. Determination of K coefficient – when the 
composition of the gaseous mixture is not known:  
- for temperature t1 = -25 ºC, the variation equation of K  depending on pressure x = p1 is: 

Kmin25 3.6577781( ) 10 10
  x4

 1.3009868( ) 10 8  x3
 1.216898610 5  x2


0.0013721977x 1.0012416


 

- for temperature t1 = -0 ºC, the variation equation of K  depending on pressure x = p1 is: 

K0 8.5377471( ) 10 11
  x4

 1.0260644( ) 10 8  x3
 2.644015410 6  x2


0.0011939383x 0.99963673


 

- for temperature t1 = 5 ºC, the variation equation of K  depending on pressure x = p1 is: 

K5 1.4015986( ) 10 10
  x4

 8.8359497( ) 10 9  x3
 8.01880110 7  x2


0.0011890234x 0.99968769


 

- for temperature t1 = 10 ºC, the variation equation of K  depending on pressure x = p1 is: 

K10 1.8082554( ) 10 10
  x4

 2.3202672( ) 10 8  x3
 4.7939006( ) 10 7  x2


0.0011562195x 0.999735539


 

- for temperature t1 = 15 ºC, the variation equation of K  depending on pressure x = p1 is: 

K15 1.6850614( ) 10 10
  x4

 2.1685214( ) 10 8  x3
 9.94118701( ) 10 7  x2


0.001057539x 1.0000256


 

- for temperature t1 = 25 ºC, the variation equation of K  depending on pressure x = p1 is: 

K25 1.3744344( ) 10 10
  x4

 2.3427536( ) 10 8  x3
 2.1605243( ) 10 6  x2


0.00095020411x 0.99996886


 

 
The standardized value of coefficient cstas is calculated, depending on the standardized 
diameter of the cylindrical nozzle:  
- for the standardized diameter of the nozzle dSTAS≤ 18 mm the below relation is used: 

cstas1 3.3546763( ) 10 9  ddSTASA
10

 6.5627593( ) 10 7  ddSTASA
9


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8
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7
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6





1.4297252( ) ddSTASA
5 17.366741ddSTASA

4



133.46689( ) ddSTASA
3

 630.75199ddSTASA
2

 1534.8086( ) ddSTASA 1562.733





 
- for the standardized diameter of the nozzle dSTAS> 18 mm the below equation is used: 

cstas2 4.2375984( ) 10 9  ddSTASA
10

 8.2000076( ) 10 7  ddSTASA
9



6.8201383( ) 10 5  ddSTASA
8

 0.0031941994( ) ddSTASA
7

 0.092748694( )ddSTASA
6





1.733162( ) ddSTASA
5 20.95024ddSTASA

4



160.37796( ) ddSTASA
3

 752.70958ddSTASA
2

 1833.7103( ) ddSTASA 1862.0298





 
The computer-based simulation model of gas flow through nozzles  

 
The following two situations have been checked within the computer-based simulation model:  

1. To calculate the fixed nozzle diameter for an imposed gas flow;  
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2. To calculate the gas flow, respectively the well production, imposing various 
diameters of calibrated orifices of the fixed cylindrical nozzles that are to be 
assembled in the swivel flow head of a gas well.  

For the two existing cases, the comparative calculation of the gas flow has been performed in 
two variants, which are:  

- variant A is valid for methane gas wells which is named in the model „ A – when the 
gas mixture composition is not taken into consideration”; 

- variant B is valid for all natural gas wells which is named in the model „ B – when 
the gas mixture composition is taken into consideration”. 

For exemplifying the calculations, real data have been taken from the wells in the field cluster 
Bilciureşti within S.N.G.N. ROMGAZ S.A. subsidiary, which are shown below: the 
chromatographic analysis data sheet of the gases; the parameters of the exploration state of the 
production wells in Bilciureşti structure, respectively in the production clusters and temperature 
variation of gases on the route well-heater-nozzle for well 57 and 125 from the cluster 57. The 
compute-based models with complete data will be run fro well 57 in field cluster 57.  

 
Testing in well conditions the computer-based design model 

 
In order to test the computer-based design model of gas flow through nozzles in well conditions 
real data have been used taken from active production wells from Bilciureşti structure. At the 
same time, the wells are used for underground storage processes, the Bilciureşti deposit having 
the biggest storage capacity in Romania at present.  
For exemplifying and checking the accuracy of the results obtained from the computer-based 
design model, two distinct cases are checked, that is:  
Case 1. Checking production data registered by ROMGAZ Subsidiary on the parameters of 
exploration state of production wells placed on Bilciureşti structure in the field cluster 57, with 
results obtained from running the computer-based design model and the same time with the 
process simulator from the Petroleum Gas University of Ploieşti; 
Case 2. Comparing results obtained from the computer-based design model and the process 
simulator of the University, for a surface unit whose construction is swivel flow head well 57 – 
heater – fixed nozzle – supply pipeline – separator, shown in detail in figure 1 and simplified for 
applying the process simulator in figure 2.   

 
Case 1. Checking recorded production data with results obtained from running 
the computer-based design model  

 
The checking of the recorded and reported production data regarding the exploration state 
parameters of production wells in field cluster 57 Bilciureşti with results obtained both from 
running the computer-based design model and the process simulator from the Petroleum Gas 
University of are synthetically shown in table 1. The significations of the parameters noted in 
table 1 are: NOZZLE is the diameter of the orifice calibrated fixed nozzle existing in the well at 
the time the measurements were made; NOZZLE Cylinder – diameter of the calibrated orifice, in 
the hypothesis of using the fixed cylindrical nozzle in the computer-based design model; 
NOZZLE Simulator – the diameter of the calibrated orifice, in the hypothesis of using the fixed 
cylindrical nozzle with the process simulator; NOZZLE Equivalent Simulator – the diameter of the 
calibrated orifice fixed cylindrical nozzle equivalent to the calculated flow of gas with the 
process simulator; Q nozzle – the gas flow calculated by the Storage Subsidiary when the gas 
leaves the NOZZLE assembled on the well; Q counter – gas flow recorded on the counter panel; 
QcylindA, QcylindB – gas flow calculated by the computer-based model drawn up for the fixed 
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cylindrical nozzle on the methane gas well (variant A), respectively on a well that produces a 
mixture of natural gases (variant B); Qg Simulator – gas flow calculated with the process simulator. 
The comparative  calculation results of the natural gas production wells, shown in table 1 was 
made in the hypothesis of using the diameters of fixed nozzle in the field (NOZZLE), for both 
the computer-based drawn up model and the process simulator.  
The results show that the closest ones to the Qcounter proved to be those obtained from using the 
computer-based model drawn up for the fixed cylindrical nozzle assembled on the methane gas 
well (variant A). Due to the noticed differences, we have tried to calculate the diameter of the 
calibrated orifice of the fixed cylindrical nozzle equivalent to the calculated gas flow by using 
the process simulator NOZZLE Equivalent Simulator, imposing the flow values Qg Simulator . in the drawn 
up computer-based model. 
Thus it can be noticed that, for the same imposed gas flow, the diameter of the calibrated orifice 
of the fixed cylindrical nozzle equivalent to NOZZLE Equivalent Simulator has lower values compared 
to the diameter of the fixed nozzle assemble at the time the measurements were made in the 
Bilciureşti Store (NOZZLE). For this reason it can be noticed the fact that here are differences 
between the Romanian methodology of calculating the gas flow that passes through a fixed 
nozzle and the one existing within the process simulator.  
For proving the accuracy of the calculations, the e calculation error has been used, defined by 
the following calculation relation:  

100
Q
QQ

e
contor

elmodccalculatcontor 


    (%)       (8) 

The comparison of the results obtained from the computer-based design model and the process 
simulator in the university, for a surface unit made up of swivel flow head – heater – fixed 
nozzle – supply pipeline – separator, according to figure 2, is synthetically shown in table 2. 
The calculations were made for all the wells existing in Bilciureşti storage facility. Having a 
great amount of data, after running the program, leads to a more accurate image of the total 
daily production.  

 
Conclusions 

 
From the interpretation of the results the following conclusions can be drawn: 
1. The comparative results of the production calculation of natural gas wells, shown in table 1, 
were done in the hypothesis of using the diameters of fixed nozzle in existing in the field 
(NOZZLE), both for the drawn up computer-based model and the process simulator.  
2. Significant differences can be noticed between the gas flow value recorded at the counter 
panel Qcounter  considered as reference and the values of the flow calculated by the computer-
based model drawn up for the convergent fixed nozzle, assembled at a methane gas well (variant 
A), respectively at a well producing a mixture of natural gases (variant B) and the gas flow 
calculated with the process simulator.  The closest results compared to  Qcounter were the ones 
obtained from using the computer-based model designed for the fixed cylindrical nozzle 
assembled to the methane gas well (variant A). Due to these important differences, our purpose 
was to calculate the diameter of the calibrated orificiu of the fixed cylindrical nozzle equivalent 
to the gas flow calculated with the process DUZAEquivalent Simulator, imposing the values of the flow 
Qg Simulator . in the computer-based design model. 
Thus, it can be observed that, for the same imposed gas flow, the diameter of the calibrated 
orifice of the equivalent fixed cylindrical nozzle NOZZLEEquivalent Simulator has lower values than 
the fixed nozzle diameter assembled at the time the measurements were made in Bilciureşti 
Storage facility (NOZZLE). For this reason, it can be notices that there are differences between 
the Romanian calculation methodology of the gas flow passing through a fixed nozzle and the 
existing methodology within the process simulator.  
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3. The best results regarding the accuracy of the calculation of the gas flow were obtained when 
using fixed cylindrical nozzle, which for the methane gas wells variant A, e = 1,04 %, and for 
the variant admitting gas mixture B, e = 1,47 %. 
There can be noticed differences between the calculation methodology of the gas flow Qnozzle, 
presently used in ROMGAZ (e = 2,76 %) and the computer-based design model drawn up in the 
present paper for the cylindrical nozzle whose calculation accuracy is e = 1,04 %. 
This confirms our recommendation of using without any hesitation the computer-based model 
which was made and tested, as it offers increased accuracy to the production calculation for the 
entire Natural Gas Storage Subsidiary of Ploieşti. 
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Creşterea preciziei de calcul a debitului la 
curgerea gazelor prin duzele fixe cilindrice 

 
Rezumat 

 
În lucrare se prezintă un nou model matematic, în care se utilizează atât ecuaţiile clasice, cât şi cele mai 
moderne corelaţii matematice apărute în literatura de specialitate privind determinarea unor parametri 
fizico-chimici ai gazelor şi totodată, s-a realizat un model informatic performant bazat pe algoritmul 
matematic elaborat anterior, în vederea proiectării şi dimensionării corecte şi rapide a diametrului 
orificiului calibrat normalizat a duzelor fixe cilindrice. Acurateţea tehnicii moderne de proiectare 
propuse are ca scop creşterea precizie de calcul a productivităţii sondelor de gaze într-o perioadă de 
timp mult mai mică. Totodată, lucrarea îşi propune realizarea unei program de specialitate cu impact 
practic şi economic, într-un domeniu important al industriei extractive de gaze. 
 


