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Overview

• Research and Development Activities, related 
to Military Employment Materials (MEM), to Military Employment Materials (MEM), 
with dual use, which will contribute to the 
Dissuasion Power and the Well-Being of the 
Brazilian Nation



CTEx – Brazilian Army 
Technological Centre

Overview

• Budget for 2008:
• Army,• Army,
• FINEP (Radar, Missile, Thermal Vision),
• ANP/PETROBRAS (Carbon Competence),
• FAPERJ (Chemical and Radiological Analysis, Risk 

Assessment),
• …



CFD Group

• Located at NBC Defense Division
– gas and/or particulate dispersion: NBC or toxic 

agents
– process conditions in spouted beds for particle 

coatingscoatings
– exhaust gas in missile nozzles
– HVAC in military vehicles
– Thermo hydraulics for nuclear research in the 

Army Programme
– Consequence Modeling and Risk Assessment



CFD Group

Exhaust gas in 
missile nozzles



CFD Group

Process conditions in 
spouted beds for particle 
coatings



Problem Description

• Objective: 
Preliminary comparative study about individual risk
assessment calculations from natural gas releases in 
transport ducts, followed by explosion

• Justification: 
Similar procedures on risk calculations applied to 
chemicals transportation in industrial and military sites



Problem Description

Different source term calculations:
• Total inventory discharge, considering 

hypothetic automatic valves actuation 
(conservative approach, without CFD (conservative approach, without CFD 
calculations);

• Partial inventory discharge, considering 
hypothetic automatic valves actuation (CFD 
calculations);



Problem Description

Assumptions:

• natural gas (considered as pure methane);
• smooth pipeline with 100Km extent and 1m inside diameter;
• release point (hole) is a 0.10m diameter circle, where the pumped gas is at 

1MPa and 298K;
• negligible changes in elevations;• negligible changes in elevations;
• ideal gas behavior;
• no buildings on the surroundings;
• wind is at 2m/s in the longitudinal direction;
• individual risks, considering released inventory (mass), rather than 

concentration profiles (plumes);
• discharge occurs under isentropic conditions;
• no considering technological aspects such as compressors or seals;



Problem Description
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Methodology

• Simulation time

Release detection time
+

Stop pumping and
Valves closing time

+

Constant release rate

?

+
Residual release time until vessel pressure 
equals surrounding pressure (t*)

Non-constant release rate

?

CFD:  initial conditions � wind flow:  logarithm profile



Methodology

Inlet (release point) pressure profile predictions:
• Superchem’s Expert procedure (Sullet & 

Palmer, 1980), under isentropic conditions 
(vessel behavior is expected to be bounded (vessel behavior is expected to be bounded 
between the limits of isothermal and 
adiabatic flow):



Methodology
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Obs.:  V depends on the tube length under 
consideration at that time 
(total or between valves)



Methodology

Risk calculation:  explosion (“condensed phase explosion”)
UVCE – Unconfined Vapor Cloud Explosions

Most popular model:
TNT Equivalence

≠detonation

Gas phase 
deflagration,
but it is used 
anyway

**CETESB (“Guidelines for Risk Analysis Manual”) procedure:
“Studies about risk analysis considering ducts, only individual risk must be taken 
account, according to the following criteria:
maximum tolerable risk:  10 – 4 year – 1 ;
negligible risk:  < 10 – 5 year – 1 .”



Methodology

Risk calculation:

fiii,r %PFRI ⋅= i = 1 (only one event) Fi = 0.00012 events/km.year

( CONCAWE Report)
Fi – event frequency of occurring

TNT Equivalence: 05.0=ηTNT Equivalence:

TNT

TNT
E

Hm
M
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kg/kJ4686E
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m = total released gas (CH4) mass



Methodology

**Overpressure (“Chemical Process Safety”, Crowl & Louvar, 2002):
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Goal:  Establish r’s where maximum tolerable and negligible risks are achieved



Methodology

• PHOENICS implementation

Inlet condition:

• PATCH / COVAL commands → GROUND • PATCH / COVAL commands → GROUND 
(Fortran) → faster

• IN-FORM tool → easiest implementation → 
slower computation



Results

Detection and closing time:  5s + 60s = 65s

Chocked-flow → constant release rate =
1
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ργ = 13.425 kg/s (Cd = 1)

Released mass: m1 = 13.425 x 65 = 872.625 kg (All cases)

Residual release time:Residual release time:

t* where ( ) ( )*tdexp
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Point-history object (north cell)→ vj, ρj → jjhj vAm ρ=
•

→ numerical integration  (0 < t < t*) → mCFD (Validation !?)



Results

Grid:
• mesh with about 27380 cells, refinement in 

the release area
• small time steps due to the critical high speed • small time steps due to the critical high speed 

flow in the release zone
– 450 steps with 0.2s each  (90s)
– Computing time about 3h in a home PC (Intel 

Pentium 4 CPU, 1 MB RAM)



Results

Total release masses:

- Conservative approach → m = m1 + L
4

2

0

πφρ = 872.625 + 5
2

10
4

1
6458.0 ⋅⋅π

= 872.625 + 50721.013 = 51593.638 kg

- CFD calculation → m = m1 + mCFD = 872.625 + 39078.897 = 39951.522 kg



Results

Velocity



Results

Gas Fraction



Results

Risk calculations:

Approach m (kg) MT�T (kg) r (m) for RI  = 10– 4 year – 1 r (m) for RI < 10– 5 year – 1

Conservative 51593.638 28168,82 114,13 120,37Conservative 51593.638 28168,82 114,13 120,37

CFD 39951.522 21812,52 104,80 110,54

Percentual 

Reduction
22,57% 8,17%

Pode representar o deslocamento do RMT
para dentro da faixa de servidão do gasoduto



Results

Risk calculations:

Decreasing risk
with increasing
distance

High risk, independent
of mass release

Fatality risk goes
to zero



Remarks

UVCE efficiencies → based on the total released mass

It would increase if mass of the flammable cloud were used 

→ improvement on dispersion analyses models (e.g. use of CFD !!)

More accurate calculations:

Concentration 
Methane-air 
mixtures Concentration 

Distribution 
(space, time)

mixtures 
flammability range
(5.3 – 15%)

Flammable released 
massInfluenced by wind 

profiles and 
sorroundings



Remarks

Gas Isosurface (5.3%)



Remarks

Gas Isosurface (15%)
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