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Abstract: The calculation of the release of liquid hazardous chemicals storage tanks is an important part 16 

of the quantitative risk assessment of accidents. This paper mainly establishes a continuous real–time 17 

release model based on the instantaneous mass flow Qm model. Meanwhile, the software function 18 

module was analyzed, and programming software was developed using C# language for model solving. 19 

A series of experiments for repeated leakage tests was designed and the discharges through three small 20 

holes with different heights for 200 s were observed. The results show that the continuous real–time 21 

leakage model is effective, and the deviation between theoretical and experimental release amounts are 22 

within a reasonable range. The higher the liquid level above the leak hole is, and the smaller the height 23 

of the leak hole from the ground is, the greater the flow rate at the leak orifice is and the smaller 24 

discharge rate change is. Therefore, the deviation between the theoretical release amount Mt and the 25 

experimental average release amount Ma is greater while the height of the leak hole from the ground is 26 

smaller, which indicates that the smaller the distance from the leak orifice to the ground, the greater the 27 

influence of the empirical discharge coefficient C0 on the release amount M. 28 

Key words: storage tank; continuous real–time; release model; leakage test; hole discharge 29 
 30 
                                                                                       31 
 32 

1. Introduction 33 

The storage tanks are used to store high-energy material like liquid chemical. Release from a liquid 34 

hazardous chemical storage tank occurred if the steel storage tank was improperly maintained, gradually 35 

corroded or suddenly cracked [1]. Incidents including fire and explosion or poisoning and suffocation 36 

caused major casualties and property losses when the released liquid evaporated and reached a certain 37 

concentration [2–4]. Committee for Prevention of Disaster published some guidelines to identify, 38 

analyze, calculate and evaluate incidental releases of hazardous materials of pipelines, tanks and 39 

pressure containers, by using quantitative risk assessment and qualitative risk assessment [5–7]. In 40 

previous research, scholars have studied the quantitative and qualitative risks about tank accidents. For 41 

instance, CFD software was used to simulate and analyze the catastrophic dyke overflow accident of oil 42 

tanks, and obtain the impacting factors including tank volume, the height of the fire dam, the nature of 43 
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the oil, the arrangement of the tank group, and rupture patterns [8]. Luo et al. carried out comprehensive 44 

study for the failure probability of tank leakage level by fishbone diagram and risk matrix analysis 45 

method, which can mitigate the risk of accidents [9]. A model was used to study the dynamic process of 46 

oil leakage in a double–hull oil tanker [10]. Probabilistic method was used to analyze hazardous 47 

chemical spills, establish a quantitative risk assessment model, determine acceptable risk levels, and 48 

evaluate tanks in an industrial park [11]. The accidental release of long–distance pressurized oil pipelines 49 

was analyzed, the model to calculate accumulated volume was obtained, and finally its practicality and 50 

accuracy was testified by experiments [12]. These researches of predecessors provide the references to 51 

resolve the continuous real–time release model for storage tank in this paper. 52 

At present, the quantitative risk assessment of tank leakage accidents is characterized by the 53 

multiplication of the possible consequences of the accident and the frequency of accidents [5–7, 13]. The 54 

possible consequences of the accident are the basis for studying the risk of the accident, and the 55 

consequence calculation of the quantitative risk accident was closely related to the release of toxic and 56 

hazardous substances in the accident [12, 14–15]. The leakage analysis for vertical tank was estimated 57 

by instantaneous mass flow rate or Bernoulli equation [16–17]. However, the accuracy of the liquid level 58 

gauge used in industrial tanks is shown at millimeter level. When the valve of inlet/outlet is closed, the 59 

liquid storage tank is in a relatively static state [18]. Once the manual safety inspection in the tank area is 60 

not fulfilled timely or the flammable and explosive toxic gas detector fails, the leakage amount from the 61 

tank liquid dropping level is difficult to be assessed [19], especially for a large–capacity storage tank 62 

(such as an internal floating tank, volume V = 50000 m3, diameter D = 60 m, tank height H = 19.44 m; 63 

when the liquid level drops by 1 mm, the leaked liquid is about 2.827 m3). 64 

This study mainly focuses on the relationship between continuous real–time release amount M and 65 

leakage time t of liquid hazardous chemicals vertical tank, and the model of M to solve the practical 66 

engineering problem of tank leakage calculation is obtained, which provides an effective solution for 67 

enterprise safety management and accident prevention. 68 

2. Mathematical Modeling 69 

2.1. Instantaneous Mass Flow Model 70 

In the existing standard "Guidelines for Quantitative Risk Assessment of Chemical Enterprises" [20] 71 

(China Coal Industry Publishing House, 2013), the instantaneous mass flow that the leakage liquid flows 72 

out through the holes of the storage tank is calculated by equation (1): 73 

0
m 0 L

P-P
Q A C 2 g h



 
       

 

                                          (1) 74 

The leakage of a certain leak time period is generally calculated by using the instantaneous mass 75 

flow at the initial moment of the leak and the leak time, however, the liquid level hL (above the leak hole 76 

in the tank) changes with the leak time t, which causes the instantaneous mass flow Qm to change 77 

accordingly when the tank leaks continuously. As a result, this method can not calculate the true 78 

continuous leakage amount M accurately during the leakage time period.  79 

In order to achieve the fundamental goal of early warning and prevention, and realize the 80 
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development of emergency response plans, it is an urgent need to establish a relationship model between 81 

the continuous real–time release amount M and the leakage time t. 82 

2.2. Model Building 83 

During the service period, corrosive ions in the hazardous chemicals solution cause corrosion to the 84 

inner wall of the storage tank, while corrosive medium in the atmosphere cause corrosion to the outer 85 

wall of the storage tank [21–22]. Under these conditions, the wall of the storage tank became locally 86 

thinned, therefore there may be a pitting hole on the wall and the surface breaks and leakage occurs 87 

because the sudden pressure drops at the wall after a certain time [23–25]. As a result, the two major 88 

factors affecting the continuous real–time leakage are the falling height of the liquid level in the tank and 89 

the flow speed of the liquid at the leaking hole. Basing on these two factors, the mathematical modeling 90 

process for real–time leakage is shown in Figure 1. The schematic diagram of tank leakage is shown in 91 

Figure 2.    92 

 93 

Figure 1. Mathematical modeling flow chart. 94 

 95 

Figure 2. Schematic diagram of tank leakage. 96 

Law of mass  conservation 

On the base of instantaneous mass flow Qm model 

Introducing  variable h 

The liquid level falling velocity (v1) in the tank 

Indefinite  integral 

 dtav 11
 

The boundary  condition 

 dtvh 1  

The continuous real-time leakage amount (M)  

in a vertical storage tank 

Indefinite  integral 

The changing rate of the liquid level falling velocity 

(a1) in the storage tank 
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2.2.1. Liquid Level Falling Velocity  97 

The liquid level in the tank is continuously decreasing when leakage occurs. The falling liquid level 98 

velocity (v1) in the tank could be characterized with the height of the liquid that is higher than the 99 

leaking point (hL). 100 

The liquid flow velocity v at the leak point is firstly investigated and characterized with hL. At the 101 

leaking point by the principle of mass conservation : 102 


m

v

Q
Q                                                                          (2) 103 

vQ A v                                                                         (3) 104 

Equation (2) and Equation (3) are combined with Equation (1), thus the liquid flow rate (v) at the 

105 

leak point would be: 

106 

0
0 L

P-P
v C 2 g h



 
     

 

                                                       (4) 107 

According to the basic law of conservation of mass, the quality of the liquid dropping in the tank 108 

should be the same as that of the leaking–out liquid through the leaking point: 109 

1 1A v A v                                                                          (5) 110 

Then the liquid level falling velocity (v1) in the tank could be obtained by Equations (4) and (5): 

111 

0
1 0 L

1

P-PA
v C 2 g h

A 

 
     

 

                                                (6)
 

112 

2.2.2. Changing Rate of the Liquid Level Falling Velocity 113 

The changing rate of the liquid level falling velocity is dependent on several factors, such as the 114 

diameter and height of the storage tank, the height of the liquid level in the storage tank, and the 115 

diameter of the leaking hole.  116 

The change in the liquid level above the leaking point is taken into account for the leakage at any 117 

weak part of the tank:  118 

h-h-hhL 1
                                                                 (7) 119 

Equation (6) is squared, and combined with (7), then the solution would be: 120 

0
1 2

1

2

0

1

p-p
g h-g h

v
h -

g A
2 C g

A




 
   

 


 
  

 

                                   (8) 121 

Assuming that the leakage time is t, and the liquid level drop height Δh in the tank is found 122 

derivation for v1: 123 

1

1

11 a

v

dv

dt

dt

hd

dv

hd



                                                           (9) 124 

1

2

1

0

1

vd h
-

dv A
C g

A




 
  

 

                                                       (10) 125 
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The changing rate of the liquid level falling velocity in the storage tank is solved by the Equations (9) 126 

and (10): 127 

2

1 0

1

A
a - C g

A

 
   

 

                                                        (11) 128 

2.2.3. Continuous Real–time Release Model M 129 

The liquid level falling velocity (v1) is obtained via indefinite integral of the leak time by the 130 

changing rate of the liquid level falling velocity in the storage tank (a1): 131 

2 2

0 0
1 1 1

1 1

A C A C
v a dt - g dt - g t C

A A

    
          

   
 

                  (12) 132 

The integral constant C1 is found by the boundary condition (t = 0, v1 is the maximum value, and Δh 133 

is zero), so: 134 

 0 0
1 1

1

A C P P
C 2 g h h

A 

  
      

 

                                        (13) 135 

The liquid level falling velocity (v1) is obtained by Equations (12) and (13): 136 

2

0 0 0
1 1

1 1

A C P-P A C
v 2 g h-h g t

A A

   
        

   
（ ）                         (14) 137 

The liquid level drop height (Δh), as in the integral to the leak time t, could be characterized with the 138 

liquid level falling velocity (v1): 139 

2
2

0 0 0
1 1 2

1 1

A C P-P A Cg t
h v dt 2 g ( h h ) t C

A 2 A




   
          

   


          (15) 140 

The integral constant C2 is found by the boundary condition, if t = 0 and Δh = 0, then C2 = 0, and: 141 

2
2

0 0 0
1

1 1

A C P-P A Cg t
h 2 g ( h h ) t

A 2 A




   
         

   

 (Δh ≤ h – h1)    (16) 142 

In summary, the continuous real–time leakage amount M of the vertical tank body is obtained under 143 

the condition of M = ρV = ρA1Δh:  144 

2

2 2

0 0
0 1

1

P-P g C A
M A C 2 g ( h h ) t t

2 A






    
          

 

 (Δh ≤ h – h1)   (17) 145 

2.3. Model Constraints and Verification 146 

The model constraints of the continuous real–time leakage model M are as follows: 147 

(1) Before the time that the tank leakage occurs, that is, the leakage time tleakage start = 0, the liquid 148 

level falling height Δhstart = h – h1 = 0 and the continuous true leakage amount Mstart = 0; 149 

(2) When the leakage is completed (all liquid above the leak orifice flows out), that is, when the 150 

tleakage end reaches at a certain time, the liquid level descending height Δhstart = h – h1 and the continuous 151 

true leakage amount Mend = Mmax. 152 

(3) During any time period [ti, ti+1], 0 ≤ Mi < Mi+1. 153 
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According to the actual liquid leakage and the model analysis, if the model constraints are 154 

established for the continuous real–time leakage amount calculation with the time t as the variable, the 155 

model is effective. 156 

3. Model Application  157 

3.1. Model of Software Construction 158 

C# language is used to develop the corresponding software in order to facilitate the model solving 159 

and application. After the software functions are analyzed, the model input parameters and their logical 160 

relationships are determined, as well as the calculation output results and the graphic display functions, 161 

and the software programming is completed. Figure 3 shows the software development flow chart. 162 

Figure 4 shows the software application interface, (a) and (c) of Figure 4 are the whole process 163 

simulation amount, (b) and (d) of Figure 4 are the simulation amount of 200 s when the discharge 164 

coefficient is 0.65 and 0.82 respectively under the experimental application. 165 

 166 

Figure 3. Software development flow chart. 167 
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 174 

 175 

Figure 4. Software application interface. 176 

3.2. Experimental Application 177 

3.2.1. Leakage Tanks and Main Parameters 178 

A tank was specifically designed and tested in order to evaluate the application of the model and the 179 

operation of the software. The storage tank was made of PVC material and was a flat–bottom cylindrical 180 

storage tank. The diameter of the bottom is D = 0.98 m, the total height is H = 1.45 m, and the height of 181 

the cylindrical part is H1 = 1.04 m. The simulated leakage is through the small round holes. A plumb line 182 

was taken with a steel ruler and a level meter, and the position of the leak holes was calibrated from 183 

bottom up. The leakage hole diameter d was measured by averaging three measurements using vernier 184 

caliper at three different angles through circle center. The leakage hole diameter d, the distance from the 185 
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leaking point to tank bottom h1, the initial liquid level height h, and the leakage hole shape are shown in 186 

Table 1.The leaking test liquid is tap water. 187 

Table 1. Data sheet of tank leakage Information. 188 

hole number h/m h1/m shape of leakage hole d/m 

1 0.701 0.617 circular 0.0033 

2 0.701 0.4677 circular 0.0034 

3 0.701 0.2677 circular 0.0034 

The discharge coefficient C0 of 0.65 was generally applied for a circular leak hole, which was 189 

introduced in the book about accident analysis [26]. C0 was not a clear value when tank body leaked in 190 

AQ3046–2013. However it was clearly stated that the discharge coefficient was 0.62 for sharp orifices, 191 

0.82 for rounded orifices, and 0.96 for straight orifices. So the theoretical values of C0 are 0.65 and 0.82 192 

to be compared with experimental value [7]. 193 

3.2.2. Experiment Requirement 194 

Three repeated experiments were performed for each leak hole to better analyze the experimental 195 

results. A pressure sensing liquid level gauge was added to the test to facilitate real–time measurement of 196 

the leakage amount and real–time change of the liquid level. The relationship between the leakage time t 197 

and the real–time discharge amount M within a certain leakage period according to the simulation results 198 

of the model needs to be verified. 199 

The leakage time step is 5 s during the experiments. The leaking liquid is collected and weighed in a 200 

1000 mL beaker for 200 s. The leaking experiment site is shown in Figure 5. 201 

 202 

Figure 5. Leaking experiment site. 203 

4. Experimental Results and Discussion 204 

4.1. Experimental Results 205 

Each leakage orifice of No.1, No.2 and No.3 is tested for three times, and the discharge amount of 206 

every time step is collected, weighted and recorded. Then every graph of three real–time leakage 207 

amounts M1, M2 and M3 are obtained. Then Figure 6, Figure 7 and Figure 8 illustrate the leakage amount 208 
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of hole 1, 2, and 3 on time respectively. Figure 6 shows that M1, M2 and M3 of hole 1 (d = 0.0033 m, h = 209 

0.701 m and h1 = 0.617 m) are close to each other, especially for the first two experiments, and the graph 210 

of M1 is the largest among three discharging experiments. The amount of M1 M2 and M3 is 1783.88 g, 211 

1760.22 g and 1657.20 g respectively when the leakage time is 200 s. Figure 7 shows that M1, M2 and M3 212 

of hole 2 (d = 0.0034 m, h = 0.701 m and h1 = 0.4677 m) are nearly the same, especially for the first two 213 

experiments, and the graph of M2 is the largest among three discharging experiments. The amount of M1 214 

M2 and M3 is 2967.12 g, 3043.92 g and 2836.91 g respectively when the leakage time is 200 s. Figure. 8 215 

shows that M1, M2 and M3 of hole 3 (d = 0.0034 m, h = 0.701 m and h1= 0.2677 m) have almost no 216 

deviation, and the graph of M2 is the largest among three discharging experiments. The amount of M1 M2 217 

and M3 is 4034.18 g, 4105.14 g and 4065.25 g respectively when the leakage time is 200 s. 218 

 219 

Figure 6. Leakage amount curves of hole 1 with time (d = 0.0033 m, h = 0.701 m and h1 = 0.617m). 220 

 221 
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 222 

Figure 7. Leakage amount curves of hole 2 with time (d = 0.0034 m, h = 0.701 m and h1 = 0.4677m). 223 

 224 

 225 

Figure 8. Leakage amount curves of hole 3 with time (d = 0.0033 m, h = 0.701 m and h1 = 0.2677m). 226 

Figure 9 shows the structure of liquid level sensor. The actual liquid level differs by 5.5 cm since the 227 

pressure sensing element is 5.5 cm from the bottom of the liquid level gauge. Figure 10 reveals the 228 

relationship between the liquid falling level and the leakage time. The liquid level gauge shows that once 229 

the leakage occurs, the leakage amount cannot be judged based on the change of the level gauge’s 230 

readings. 231 
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 232 

Figure 9. Structure of liquid level sensor. 233 

 234 

Figure 10. Relationship between liquid level drop and leakage time. 235 

4.2. Discussion 236 

4.2.1. Comparative Analysis of Leakage 237 

The average amount Ma from three measurements of every discharging experiments is obtained to 238 

make a straightforward comparison. The positive deviation of the average by 20 % (Ma+20%), the negative 239 

deviation of the average by 20 % (Ma–20%), and the theoretical leakage amount Mt0.65 (when C0 = 0.65) 240 

and Mt0.82 (when C0 = 0.82) are illustrated in Figure 11, Figure 12 and Figure13. Ma and Mt are in the 241 

intervals of Ma+20% and Ma–20% for hole 1, hole 2 and hole 3. Figure 11 shows that Ma, with the releasing 242 

time of 200 s, is much larger than Mt0.65 but much closer to Mt0.82, and Mt0.65 is very close to Ma–20% when 243 

the tank body is continuously released by hole 1 (d = 0.0033 m, h = 0.701 m and h1 = 0.617 m). Figure 244 

12 reveals that Ma is much larger than Mt0.65, and close to Mt0.82. And the deviation between Mt0.65 and 245 

Ma–20% is slightly separated when tank body is continuously released by hole 2 (d = 0.0034 m, h = 0.701 246 

m and h1 = 0.4677 m). Figure 13 demonstrates that Ma is much larger than Mt0.65 but much closer to Mt0.82. 247 
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Furthermore the deviation between Mt0.65 and Ma–20% is almost the same when the tank body is 248 

continuously released by hole 3 (d = 0.0033 m, h = 0.701 m and h1 = 0.2677 m).  249 

 250 

Figure 11. Deviation leakage curves of hole 1 with time (d = 0.0033 m, h = 0.701 m and h1 = 0.617m). 251 

 252 

Figure 12. Deviation leakage curves of hole 2 with time (d = 0.0034 m, h = 0.701 m and h1 = 0.4677m). 253 
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 254 

Figure 13. Deviation leakage curves of hole 3 with time (d = 0.0033 m, h = 0.701 m and h1 = 0.2677 m). 255 

Discharge coefficient C0 is an important factor for calculation of theoretical leakage amount. C0, as a 256 

theoretical discharge coefficient, is more suitable for the value of 0.82 under the condition studied in this 257 

paper. Figure 14 gives the relationship between Ma and Mt for leaking hole 1, 2 and 3. It could be 258 

straightly seen that the curves of Ma and Mt0.82 are almost completely coincident, which demonstrates that 259 

theoretical value of 0.82 for discharge coefficient C0 is perfect for hole 1 (d = 0.0033 m, h = 0.701 m and 260 

h1 = 0.617 m). The curves of Ma and Mt0.82 have a little overlap, which states that theoretical discharge 261 

coefficient C0 should be corrected for hole 2 ( d = 0.0034 m, h = 0.701 m, h1 = 0.4677 m). The curves of 262 

Ma and Mt0.82 have a slightly gap, which demonstrates that theoretical discharge coefficient C0 is 0.82 and 263 

could be used for hole 3 (d = 0.0033 m, h = 0.701 m and h1 = 0.2677 m).  264 

Consequently, the real–time leakage amount shows good linearity within 200 s leakage time. It can 265 

be seen that Mt0.65 for leakage hole 1 is very close to the average deviation Ma–20% of the experimental 266 

leakage amount, while the Mt for leakage hole No. 2 and No. 3 have a certain deviation from Ma–20%. All 267 

the Ma of three holes are less than its Mt0.82 but closely to its Mt0.82, which demonstrates the validity of 268 

the model. 269 
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 270 

Figure 14. Mt and Ma relationship of leakage hole 1, 2 and 3. 271 

4.2.2. Effect of Liquid Level above the Leak Hole on Leakage Stability 272 

The effect of the liquid level above the leak orifice on the leak hole is mainly reflected in the 273 

pressure at the leak hole. Under the same meteorological conditions, the pressure at the leakage hole is P 274 

– P0 + ρghL when the original liquid level h in the storage tank is unchanged and the distance between the 275 

leakage hole and the ground h1 is different. The pressure at the leak hole is ρghL because the liquid 276 

saturated vapor pressure (P – P0) is negligible for the regular pressure tank. The experimental leak 277 

amount M of different leak holes varies with the instantaneous continuous flow velocity at the leak hole 278 

changes because of the pressure.  279 

The liquid level height hL above the leakage hole increases as the height h1 of the leakage hole 280 

decreases, the liquid level change Δh in the storage tank will decrease slowly after the leakage occurs 281 

when the original liquid level h is unchanged, so the change of pressure generated (ρghL) is small. 282 

Therefore, the smaller the height h1 of the leakage hole is, the more stable the instantaneous continuous 283 

flow velocity is and the larger leakage rate is. Obviously, during any time of the leakage, the real–time 284 

leakage amount Ma of the No. 1 hole is the smallest, while the Ma for the No. 3 hole is the largest (Figure 285 

14). This is verified by leak test data for holes NO. 1, 2 and 3. 286 

4.2.3. Effect of Discharge Coefficient C0 on Leakage 287 

The discharge coefficient C0 represents the dimensionless constant [27], which is obtained from the 288 

complex function of the Reynolds number of the flow and the leak bore diameter [5, 28, 29, 30, 31]. The 289 

Reynolds number is defined as  /vdRe  , where ρ is the liquid density, v is the liquid flow rate at the 290 

leak hole, d is the release hole diameter, and η is the dynamic viscosity coefficient of the liquid. Because 291 

the discharge coefficient C0 is affected by the Reynolds number and the diameter of the leakage hole, the 292 
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flow velocity of the leakage orifice changes continuously due to these factors. The original liquid level h 293 

and the height h1 are different from each other, which leads to the corresponding Reynolds number Re 294 

being different, so the discharge coefficient C0 is a non – constant value. In summary. C0 should be 295 

adjusted according to the situation. In this paper, C0 is 0.82 for calculation of the theoretical leakage 296 

amount Mt. 297 

5. Conclusions 298 

This paper focuses on the calculation of continuous real–time leakage amount after liquid hazardous 299 

chemicals vertical tank releases. Through mathematical modeling, programming the model, and 300 

experimental verification, the conclusions are obtained as follows: 301 

(1) The mathematical model of continuous real–time release M and leakage time t is established by 302 

the principle of mass conservation, which can improve the accuracy of continuous real–time release in 303 

any leakage period after the tank body leaks. 304 

(2) By experimental analysis of repeated leakage tests, the more stable the flow rate and the larger 305 

the leak rate are under the condition that the higher the liquid level above the leakage hole (hL) is, the 306 

greater the pressure on the leak hole is and the smaller the pressure changes at the leaking hole is. All the 307 

Ma of three holes are less than its Mt0.82 but closely to its Mt0.82, the experimental results states that the 308 

established model is effective. 309 

(3) The discharge coefficient (C0) affects the accuracy of calculating leakage amount, which may 310 

lead to deviations between Mt and Ma. The calculation accuracy of the continuous real–time leakage 311 

amount M can be realized when the value of discharge coefficient is appropriate, and the reliability of 312 

early warning prevention scheme can be provided for enterprise and government emergency rescue. 313 
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Nomenclature 324 

M continuous real–time leakage amount g 

Qm mass flow kg/s 

Qv volume flow m3/s 

ρ liquid density kg/m3 

A1 bottom area of the tank m2 

A area of leaking hole m2 

C0 discharge coefficient – 
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P liquid pressure in the tank Pa 

P0 environmental pressure Pa 

g gravitational acceleration 9.8m/s2 

h original liquid height in the tank before leakage m 

h1 distance from the leaking point to tank bottom m 

hL liquid height above the leaking hole m 

Δh height at which the liquid level drops after the tank leaks m 

v flow rate of the liquid at the leak hole m/s 

v1 falling liquid level velocity in the tank m/s 

a1 changing rate of the liquid level falling velocity in the storage tank m/s2 

t leakage time s 

C1 internal constant – 

C2 internal constant – 

V total volume of liquid leaked m3 

D tank bottom diameter 0.98m 

H total tank height 1.45m 

H1 cylindrical part height 1.04m 

d leakage hole diameter mm 

M1 continuous leakage amount of the first experiment of every hole g 

M2 continuous leakage amount of the second experiment of every hole g 

M3 continuous leakage amount of the third experiment of every hole g 

Ma average amount of the three experimental leakage of every hole g 

Mt theoretical leakage calculation of every hole g 

Mt0.65 theoretical leakage calculation (C0 = 0.65) of every hole g 

Mt0.82 theoretical leakage calculation (C0 = 0.82) of every hole g 

Ma+20% average value of the experimental leakage is positive by 20 % g 

Ma–20% average value of the experimental leakage is negative by 20 % g 

Re Reynolds number  – 

η dynamic viscosity coefficient of the liquid – 

 325 
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