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Abstract: Condensed aerosol fire extinguishing technology is relatively a new fire suppression technology in
fire extinguishing research and industry. In current market, almost all condensed aerosol forming agents contain
potassium nitrate or perchlorate as an oxidant which generates corrosive potassium oxides and salts after agent
combustion. In this research, copper metal plate is found to be very vulnerable to corrosions caused by
potassium compounds and contents of potassium based oxidants and corrosion potentials of four
commercialized aerosol forming agents were analyzed. The four aerosol forming agents have similar contents
of  potassium  based  oxidants  and  their corrosion potential after combustion and discharge should be close
to each other. Besides corrosion study of different K-type aerosol on metal plates, Computer Fluid Dynamic
(CFD)  modeling  of  aerosol motion during and after discharging in a large confined room was carried out.
Higher aerosol discharging velocity and specifically directional arrangement of canisters help the distribution
of aerosol momentum, which is beneficial to the increase of fire extinguishing efficiency and fewer aerosol
forming agents are needed if fire extinguishing efficiency per agent is elevated. Fires which are shed or covered
by objects in a compartment are hard to be extinguished and aerosol of high momentum is required for
extinguishing fires under covers. It is the first time that computer fluid dynamics modeling was applied for
pyrotechnic aerosol fire extinguishing study. Reynolds Averaged Navier Strokes equations and discrete finite
volume method was used for treating the turbulent aerosol and fire.

Key words: Pyrotechnic aerosol fire suppression  K-type aerosol corrosion  CFD model

INTRODUCTION three times higher than that of Halon 1301, five times

Aerosol fire extinguishing technology was developed higher than that of carbon dioxide [1].
from pyrotechnics and the fire extinguishant of this The surface resistivity of K-type aerosol particulate
technology are solid aerosol forming agents which are precipitates should exceed1M  [1]. But requirements for
stored under atmospheric pressure in canisters prior to be surface resistivity are different according to different
ignited for fire extinguishing. Aerosol fire extinguishing types of electrical devices. The surface resistivity should
technology possesses advantages such as weight and be 1~20M  for generators, electric motors, electric
space saving in extinguisher devices, lower manufacturing networks and cables [2], [3]. The surface resistivity
cost and no risk of leakage of fire extinguishing agent, etc. should be 20~100M  for communication devices,
At the beginning of the 1980s, it became important to seek computers, onboard electric apparatuses and electric
fire extinguishing agents that can replace Halon fire medical apparatus, etc. [4]. The surface Resistivity should
extinguishing agents which destroy the ozone layer. be  100M  for precision electric apparatuses, such as
Compared to Halons, aerosol fire distinguishing agents delicate instruments and gauges and their substrates and
have higher fire extinguishing efficiency which is at least PCBs (Print Circuit Board) [5], [6], [7]. Potassium salts and

higher than that of HFC-227ea and IG-541 and nine times
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oxides generated by combustion of K-type aerosol before CFD modeling and other empirical boundary
forming agent precipitate on and adhere to metal surface, conditions also include the room geometry and the smoke
causing electrochemical reaction which corrodes common generator size. As for direct research of application of
metals like copper, zinc, iron and aluminum, etc and even CFD modeling in fire extinguishing technology, Markarov
non-metal material like silicon [8]. Also, fine potassium & Karpov et al. studied the fire extinguishing efficiency of
salts and oxides can form tiny droplets and a thin layer of kerosene pool fire given by gaseous suppressant under
conductive solution which causes short-circuits of different injection modes of suppressant in compartment
electrical devices. It is reported that surface resistivity of geometry [13]. Injection modes include radial spreading,
K-type aerosol precipitates on a PVC board kept for 35 one nozzle spreading and three nozzles spreading and
minutes under 35 degrees Celsius and 95% relative forced convections are concerned as boundary
humidity is less than 10  which does not meet the conditions with steady and equal inflow (injection) and5

requirement for insulation level for protecting electrical outflow rate. The CFD modeling suggests that different
devices [9]. discharging modes of condensed aerosol will result in

Besides corrosion problem of K-type fire suppression difference in fire extinguishing performance and it should
aerosol, it also needs to understand the fire temperature be studied by CFD simulation in the current research.
dynamics and dynamic distribution of discharging fire In this research paper, it deals with the investigation
suppressive aerosol in a large confined space, which of K-type aerosol corrosion on common metals such as
helps evaluate the fire suppression efficiency of K-type copper, zinc and aluminum and tries to understand the
aerosol  fire  extinguisher  in  a  large  confined  space. time evolution of fire temperature and K-type aerosol
Fires and aerosol can be ideally treated as fluids and their distribution in a large confined space by CFD modeling.
interaction can be simulated by Computer Fluid Dynamics.
CFD is a branch of fluid mechanics that uses numerical MATERIALS AND METHODS
methods and algorithms to solve and analyze problems
that involve fluid flows and it is based on Navier-Stokes Materials: 10 cm × 10 cm copper, zinc and aluminum
(NS) equations. plates,  EXA-aerosol  forming  agent  (Pyrogen Sdn Bhd),

Applications of CFD on aerosol dynamic modeling 1 m   steel  compartment  (Pyrogen  Sdn  Bhd),  500 m
have been found under circumstances of different (10m width × 10m Length × 5m Height) fire suppression
geometries and scales, from human tracheobronchial test room and components (Pyrogen Sdn Bhd), EXA-50
airway to street canyon. Zhang and Kleinstreuer et al. steel fire extinguishing canister (Pyrogen Sdn Bhd) and
modeled  deposition  of   micro   aerosol   particles   in a electrical detonator (Pyrogen Sdn Bhd), SEM-EDX
16-generation tracheobronchial tree and low-Reynolds (Hitachi, Japan), Atomic Adsorption Spectrometer (AAS)
number (LRN) turbulence models have been proposed to (Alpha Analytical, Malaysia), electrical balance (Sing Hoe
simulate  the  airflow  in tracheobronchial pathway [10]. Weighing Equipment Sdn Bhd), heptanes (Pyrogen Sdn
For large scale, Kim and Baik et al. studied aerosol Bhd), ANSYS Version 14.5.
dispersion in street canyon through Reynolds Averaged
Navier-Strokes (RANS) method with k-  turbulence model Methodology
and simulated the coagulation and deposition process of CFD Modeling of Spatial Distribution of EXA Aerosol
aerosol particles [11]. In fire extinguishing field, fine and Flame Temperature
aerosols play a very important role against fire spreading General Settings: Reynolds Averaged Navier-Strokes
and consisting combustion. In order to understand the equation and finite volume method was used to simulate
distribution, transportation and interaction of aerosols the aerosol motion in a 500 m  test room. Input variables
with fire in a confined room with or without openings, in ANSYS were ambient air density, viscosity,
works based on CFD simulation of smoke motion during temperature, aerosol discharge velocity, aerosol density,
fire burning have been done. Conte (2002) studied smoke viscosity, temperature and numbers of canisters
spread  in  a room under the existence of temperature discharging aerosol. For simplification of the modeling,
gradient caused by fire and the effect of ventilation and density, viscosity and temperature of ambient air and
the method used in CFD simulation is similar to that of aerosol were set constant. The temperature of ambient air
Kim and Baik et al. [12]. In Conte’s (2002) research, and aerosol was set as 373 K which was the average
surface temperature, inlet velocity and smoke source area temperature tested in the 500 m  room from aerosol
were initial conditions needed to be experimentally tested discharge to fire extinguishing, so the CFD modeling is
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under isothermal condition. The density and viscosity of In the middle of the fire suppression testing room,
K-type aerosol were averaged values of the densities and there is an engine mock-up body or compartment
viscosities  of  combustion  products   in   Formula  (3) surrounded by a platform under which there is a 4 m
(See Formula (3) in Result 3.2) at 373 K and the density square pan and close to the corner of platform surface,
and viscosity of ambient air is set to be the density and there is a 0.1 m  square pan containing burning heptanes.
viscosity of atmosphere at 373 K. The aerosol discharging In the middle of the 4 m  square pan, a 0.25 m  circular pan
velocities were chosen as 0.72, 1, 2 and 4 m/s and in the is placed for holding heptanes combustion. The layout
CFD simulation, either one group or four groups of and setting is according to IMO CIRC 1207 TEST
discharging canisters were studied and each group Standard [14].
contains three discharging canisters. For spatial Besides engine mock-up body, platform and pans,
temperature distribution of heptanes fire, the initial fire there are also four groups of canisters, totally twelve
temperature was set as 1107 K with an initial room canisters (three canisters in one group) mounted at four
temperature of 293 K. The fire scale was restricted by top corners of the room (one top corner of the room are
surrounding geometry defined in geometry and meshing mounted with one group). And the dimension of the
process. canister can be seen in Fig. 4.

Meshing  and  Geometry:  Tetrahedral  &   Sweep  mesh room,  objects  in  the  room and EXA-50 canister, 3-D
(3D Geometry) method is used for meshing the test room, build-up of those geometries was accomplished by
objects in test room and EXA-50 canisters. Before ANSYS.
meshing, the geometry of fire suppression test room and After 3-D build-up, it is followed by meshing of
dimensions of components including EXA-50 canister objects in testing room, testing room and EXA-50
were measured and built up by ANSYS. canisters.

2

2

2 2

According   to the     dimensions     of   testing

Fig. 1: Dimensions of fire suppression testing room

Fig. 2: Platform top view and engine mock-up position
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Fig. 3: Engine mock-up compartment (left) & 4 m  square pan (right)2

Fig. 4: Dimensions of EXA-50 canister

Fig. 5: 3-D models of engine mock-up compartments, platform and pans
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Fig. 6: 3-D models of testing room and EXA-50 canister groups

Fig. 7: Meshing of testing room, engine compartment, platform and pans

Fig. 8: Meshing of canisters and canister groups on the wall
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After 3-D geometry build-up and meshing, aerosol Formula (1) and Formula Group (2) separately
motion in the given space was solved numerically by describes the mass conservation and momentum
ANSYS based on principles described in Section 2.2.1.1. conservation of the aerosol flow.

Solving: RANS equations are solved linearly by ANSYS P the hydrostatic pressure, µ the dynamic viscosity,
CFX solver. Time interval is 0.2 s and each time interval the acceleration due to external force acting on the fluid
has 10 iterations. Programming running time is 900 s for and term  in mean quantities is called Reynolds
spatial temperature dynamic during heptanes combustion stress.
and 60 s for dynamic aerosol motion during its
discharging in a large space. 60 s is the up-limit time for CFD  of  Spatial  Distribution   of Flame  Temperature:
condensed aerosol to extinguish heptanes fires in a 500 m In Fig. 9 and 10, it shows the sectional cut and3

space. corresponding sectional view of temperature distribution

Characterization of K-Type Aerosol Corrosion on The heptanes combustion flame is restricted in the circular
Metals: In corrosion test, aluminum, copper and zinc and square panes.
plates (10 × 10 cm) were placed on the ground in a 1 m Obviously, the combustion of heptanes in the panes3

transparent compartment. A canister is attached to the under and aside the compartment creates the sharp
ceiling of the compartment and aims downward to the temperature gradient within the surrounding objects and
centre of compartment with an inclination angel of 30~45 space. In Fig. 10, from different sectional view it shows
degrees. The EXA aerosol forming agent was ignited in very obvious temperature gradient in the space covered
the canister and all the plates were exposed to the aerosol by the compartment and thus it indicates that most heat
for 3 hours successively. Later, they were taken out and generated by the combustion of heptanes is restricted
placed  under  the  room  temperature   for   seven  days. underneath the compartment. Under such condition, it
All plates were half-covered with duct tape for controls. makes fire extinguishing under the compartment quite
The corrosion rate is characterized by measuring the mass difficult since there exists highly heated air. Air of high
change of metal plates after exposure and the chemical temperature can re-ignite the heptanes since the flash
compositions  of  corroded  parts  on  each metal plate point of heptanes is not high and the high air pressure in
were analyzed by SEM-EDX. For comparison of different the compartment makes fire extinguishing aerosols
K-type aerosol forming agents on the current market, four extremely difficult to enter into the space under the
samples were selected and they are coded as Soyuz, compartment through free diffusion only.
Epotos, EXA and Anonymous. The samples were grinded So in order to suppress the flame covered by any
in the mortar and grinded powders were weighed and object  in  a large area, the momentum of the aerosol
dissolved in 50 mL distilled water. Later, sample solutions should be high and the temperature of the aerosol
were filtrated and collected for Atomic Adsorption discharged should be low. Higher discharging velocity
Spectrum (AAS) analysis. and aerosol cooling during discharge are both helpful for

RESULTS complex geometries which provides spaces for flames to

Dynamic SpatialDistribution of Flame Temperature and The time when flames can be extinguished by aerosol
K-Type Aerosols:  The  basic  Reynolds Averaged after contact is dependent on many factors such as
Navier-Strokes equations used in CFD simulation for aerosol velocity, temperature, concentration and also
dynamic  spatial distribution  of  flame  temperature  and flame scale and temperature, etc. During heptanes
K-type aerosols are following: combustion, spatial temperature distribution evolves with

(1) state can be studied by CFD modeling. Understanding the

help better design the layout of condensed aerosol fire

(2) is quickly distributed inside the compartment and it first

where  is the density of fluid, u the velocity of fluid,

within  the  labeled   objects   and   surrounding  space.

successful fire extinguishing in large space involving

hide.

time and the equilibrium time of flames to reach a steady

spatial temperature distribution around the flames can

extinguishing units in a large space. 
A time lapse of spatial temperature distribution from

sectional view B-B was illustrated in Fig. 11. Temperature

rises before it reaches a constant value.
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Fig. 9: Sectional cuts of objects and space surrounding flame

Fig. 10: Corresponding sectional view of spatial temperature distribution at t=1s



World Appl. Sci. J., 33 (11): 1686-1700, 2015

1693

Fig. 11: Time evolution of spatial temperature distribution

At the beginning, there exists enough oxygen for up. Also from CFD result, the duration of such period can
combustion,  so  the temperature of flames first rises. be more than 60 s which is longer than the discharge time
When the oxygen level reduces, it reaches the of most condensed aerosol fire extinguishing units and
combustion equilibrium which will bring down the flame the time for aerosols to reach the flame in a large room
temperature and the temperatures of surrounding objects. before they lose enough momentum, making it even
Also after ignition and combustion, when it establishes harder for aerosols to penetrate into the flames covered
the dynamic balance between heat conduction and heat by any object under high temperature. 
transfer, inevitable heat dissipation will bring down the So in order to shorten the fire extinguishing time of
spatial temperature surrounding the flames by convection condensed aerosols, it should increase the discharge
and advection [15]. But convection and advection are velocity and specially design the layout of extinguishing
restricted in a compartment-like space, so the duration of units installed in a large space. Strong aerosol turbulence
temperature  rise will be longer in any space enclosing the should be created and it can promote heat dissipation of
flames. flames and the penetration of aerosols into flames,

By CFD simulation, there is a time interval during shortening the time for fire extinguishing. Other than
which heat and temperatures rises inside a compartment- increase the number of fire extinguishing units need to be
like space containing the flames before it reaches a steady installed, rearrangement of extinguishing units in a
state at which lower temperature occurs and it is less clockwise or anti-clockwise position pattern can enhance
confident to guarantee a successful fire extinguishing turbulence effect in a confined space, but such effect may
during the interval when flame temperature is still rising be not significant in a very large space.
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Fig. 12: Distribution of aerosol at discharge velocity of 1 m/s

Fig. 13: Distribution of aerosol at discharge velocity of 2 m/s

Fig. 14: Vectors around the compartment at t = 40 s 
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Fig. 15: Distribution of aerosol at discharge velocity of 4 m/s

CFD of Aerosol Movement in a Large Scale Testing interaction between high speed aerosol and ambient air,
Room: The effect of aerosol discharge velocity on the which is helpful for fire extinguishing in a complex
distribution pattern of aerosol in a large space was environment where flames are often hidden or coved.
studied  and  discharge  velocities  were  set  as  1, 2 and Seen in Fig. 15, more aerosols with higher momentum are
4 m/s. Duration of discharge is 30 seconds and one group found beneath the compartment platform.
of three aerosol forming canisters was studied in the Additionally, by increase the turbulence level and
following CFD model. turbulence momentum, less K-type aerosol forming agent

The arrows in the Fig. 12, 13 and 15 indicate the may be needed for efficient fire extinguishing, thus fewer
sectional view direction. The upper three blocks are 3-D damages in any area sensitive to corrosion can be
depicts of aerosol distribution in the testing room and the achieved during and after fire extinguishing.
lower three blocks are 2-D sectional view of aerosol
distribution around the compartment. CFD of Movement of Aerosol Discharged in a Clockwise

Compare to aerosol distribution at discharge velocity Pattern: By arranging four groups of aerosol fire
of 1 m/s, discharge velocity of 2 m/s obviously gives a extinguisher units in a clockwise pattern, the turbulence
larger aerosol covering area at the same time during is expected to be enhanced and the aerosol distribution
discharge and higher aerosol velocity in the compartment. pattern should be different from the pattern created by
On the left to the compartment, the velocity vectors point one group in the large testing room. The discharge
into the intersection plane and the velocity vectors point velocity is 0.72 m/s which is the average discharge
out of the intersection plane on the right to the velocity of aerosol fire extinguisher experimentally tested
compartment, creating a clockwise turbulence around the and the discharge time is set to be 60 s which is the real
compartment at t = 40 s. A clear view of vectors directions discharging time experimentally tested.
is shown in Fig. 14. In Fig. 16, it looks that the vectors in the testing

Higher aerosol velocity causes more turbulent flows space are disordered and the aerosol flow is very
which are good for faster transfer of momentum and turbulent, but there exists a distribution pattern of vectors
kinetic energy of aerosols to ambient air in a large space from the CFD modeling. At the end of discharge, it shows
as shown in 3-D images in Fig. 15, though higher aerosol aerosols of low velocity exist between neighboring
velocity brings higher friction against aerosol flow groups of aerosol fire extinguisher units and in the center
movements, but the average fluid momentum and duration of the test room, there exists aerosols of high velocity in
of turbulent flows in the large cubic space is raised by two symmetrical areas.
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Fig. 16: 3-D distribution of velocity vectors at t = 60 s

Fig. 17: 2-D distribution of velocity vectors at t = 60 s
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Fig. 18: Corrosion on aluminum (left), copper (middle) and zinc (right) 

Such pattern is resulted from the transportation of
momentum and the velocity distribution of aerosols is
governed by momentum gradient in the testing space.

As seen in Fig. 17, the red dots indicate the edge
lines formed by aerosols discharged by neighboring
groups of fire extinguishing canisters. Along the edge
lines, the directions and velocity of aerosol flow
momentums (see the directions of vectors) are positioned
tangentially to the edge lines. The curvatures of the edge
lines are resulted from the momentum gradients of aerosol
flows. And the edge lines are in a clockwise pattern which
is due to the aerosols discharged by clockwise-arranged
groups of aerosol fire extinguishing canisters. The
curvatures will be more obvious if the discharging
velocity is higher and the transportation of aerosol
momentum from aerosol fire extinguishing canisters to the
testing room center is more efficient along the edge lines
where static pressure energies of aerosol flows are
converted into kinetic energies. Such transform of energy
is proved by increased velocities of vectors along the red
dots from the room edges to the room center. So by
arranging the layout of aerosol fire extinguishing
canisters, aerosol flow pattern which is beneficial to
momentum transportation can be formed and it promotes
the dispersion of aerosols in a large space and increase
the fire extinguishing efficiency per aerosol fire
extinguishing unit.

Metal Corrosion Caused by K-Type Aerosol: During fire
extinguishing, K-type aerosol agent produces a great
amount of KOH, KHCO  and K CO  particles. Those fine3 2 3

particles will absorb moisture to form highly conductive
electrolyte on any solid surface and it causes
electrochemical corrosion on the surface of metals
consequently. Combustion process of K-type aerosol
forming agent is described by Formula (3).

48 KNO (s) + 5 C H O  (s) 24 K CO  (s) + 24 N  (g) + 553 12 22 11 2 3 2

H O (g) + 36CO  (g) – Heat2 2

(3)

Table 1: Corrosion rate 
Metal Mass before test (g) Mass after test (g) Corrosion rate (g/day)
Cu 19.35 19.78 0.061
Al 66.65 67.02 0.053
Zn 77.18 77.26 0.011

In the experiment, aluminum, copper and zinc plates
are selected for corrosion test. The results are shown in
Fig. 18.

Obviously, uncovered areas of all plates (upper half)
are severely corroded by K-type aerosol. Usually,
aluminum is strongly resistant to corrosion due to a pre-
existed oxide layer formed on the surface. But potassium
hydroxide droplets will damage the protective oxide layer
and corrodes the aluminum underneath. 

Gravimetric analysis of metal plates was also
conducted to characterize the average corrosion rate. See
Table 1. 

As shown in Table 1, K-type aerosol particles
corrode copper most severely and copper is commonly
used in electronics and electrical devices which are most
vulnerable to K-type generated aerosols.

Compositions of corroded components on metal
plates were also analyzed by Energy-Dispersive X-ray
spectroscopy (EDX) and Scanning Electron Microscope
(SEM). See Fig. 19.

From Fig. 19, all corroded metal plates have high
content of element potassium and oxygen besides other
elements including carbon, which indicates formation of
metal oxides or carbonates with the existence of
potassium carbonates on the corroded surfaces and in the
corroded layers. Fig. 20 shows a highly dense distribution
of potassium elements in the corroded metal layers.

Meanwhile, mass ratios of potassium nitrate in
current K-type aerosol forming agents on the market were
also investigated. The brands include Soyuz, Epotos and
Pyrogen EXA and one anonymous product. The result is
shown in Table 2. 

From Table 2, the mass ratios of potassium nitrate in
different K-type aerosol forming agent on the current
market are close to each other, so their potentials in
corrosion  to  metals  should   be   similar   to   each  other.
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Fig. 19: Dispersive energy peaks of corroded components

Fig. 20: Distribution of potassium elements (red dots) in corroded layers: SEM of aluminum (top), copper (middle) and
zinc (bottom)
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Table 2: AAS results of potassium content
Sample name Content of potassium nitrate (m/m) %
Soyuz 41.34
Epotos* 31.2
Pyrogen EXA 42.60
Anonymous 41.43
*Sample Epotos contains not only potassium nitrate, but also potassium
perchlorate

In order to solve the corrosion problem caused by K-type
aerosol forming agents, further researches on
modifications of K-type aerosol forming agents should be
carried out in future.

CONCLUSION

K-type aerosol particles corrode common metals
severely and electrical devices and apparatus are all easy
to be corroded by K-type aerosol particles due to
generation of hygroscopic potassium carbonates/oxides
and formation of conductive potassium
hydroxide/carbonates solution on the metal surface after
K-type aerosol forming agent combustion. Copper plates
are mostly corroded among the testing metal plates.
Moreover, the corroded parts of copper are mainly copper
carbonate hydroxide and copper oxide. While for
aluminum, the protective oxide layer is no longer effective
during K-type aerosol corrosion and aluminates forms on
the aluminum surface. Zinc surface can also be corroded
by K-type aerosol particles and potassium particles were
found on the plate surface and even in the iron layer
covered by zinc.

Besides corrosion study, a CFD simulation based on
RANS equations was carried out to understand the spatial
temperature distribution of combusting heptanes and
dynamic  motion  of aerosol discharged in a large space.
By inputting variables like initial temperature of heptanes
fire, aerosol temperature, aerosol density, aerosol
viscosity, aerosol discharging velocity and number of
groups of aerosol discharging canisters, CFD simulation
found the combustion heat inside a compartment-like
configuration is highly conserved and there exists a
period during which the temperature inside the
compartment rises before it decreases to a equilibrium
state, bring difficulties to fire extinguishing at its
beginning. Meanwhile, it found that the distribution of
aerosol and its momentum in a larger space is highly
dependent on the aerosol discharging velocity. With
higher discharging velocity, the distribution of aerosol
will be more homogenous inside the whole large space
with higher averaged aerosol momentum. Homogeneous

distributed aerosol with higher momentum is beneficial to
a successful fire extinguishing. Moreover, from CFD
modeling results, it shows that by arranging groups of
aerosol  discharging canisters in a clock-wise direction,
the averaged aerosol momentum in the large space can
also be increased due to the transformation of aerosol
static  energy  into  aerosol  kinetic  energy  along the
edge lines formed by the collision of aerosol flows
discharged by the neighboring canister groups. It is the
first  time  to  simulate  the movement of condensed
aerosol during  fire  extinguishing  in  a large space by
CFD and it can help increase the fire extinguishing
efficiency per aerosol forming canister, reducing the total
mass of aerosol forming agent needed for a fire
extinguishing in a large space and the corrosions caused
by K-type aerosol particles after a fire extinguishing, so
CFD modeling certainly  plays  a  part  in  the anti-
corrosion research of K-type aerosol fire extinguishing
technology.

Nomenclature:

Force acceleration m/s2

P Hydrostatic pressure Pa
u Velocity of fluid m/s
µ Dynamic viscosity Pa•s

Density of fluid kg/m3
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