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ABSTRACT

Calibration for the measuring instruments in the Air Force Measuring Equipment
Laboratories, are considered to be one of the reasons for flight success in Egyptian Air
Force. Hence, they should be preserved from the different factors that might cause
harm or decrease the accuracy in calibration for the measuring instruments. One of
these factors is the excessive relative humidity as it affects the mechanical and physical
properties of the standard instruments that are considered the reference. Measuring
instruments need to be calibrated from time to time to provide high accuracy in use that
occurs by comparing a measuring device (uncalibrated) against an equal or better
standard.

The present paper focuses on the heat transfer interactions on the air flow in Precision
Measuring Equipment Laboratories (PMEL). Many PMELSs built or renovated in recent
years have not met minimum operating environment standards. The impact of flow
parameters on the air flow pattern were investigated. This offers the designer a better
view of design limits to enable him to adequately select the optimum design from a wide
number of alternative options and to use them in forecasting and even monitoring. Air
movement inside enclosures prediction via CFD is a strong tool for reaching better
designs for inlets and outlets positions in ventilated spaces. Fluent Computational
Software [1] was used to predict the parameters affecting the air distribution inside air-
conditioned spaces. Continuity, momentum, energy, and species transport equations in
addition to k-epsilon model equations for turbulence closure were solved using finite
volume method. Furthermore the paper includes full-scale actual existing space
experiments, to obtain good documented full-scale measurements in actual ventilated
laboratory room that can be used for comparison with CFD-simulations.

Many of the reported comparisons were found in good agreement with experiments and
aided the assessment of the numerical procedure application to air-conditioned spaces.
Finally, it was found that the optimum airside system design should allow the air to pass
all the enclosure areas before being extracted. Temperature and humidity control are
crucial elements of laboratory design. Since temperature fluctuations also affect
humidity, its control is especially important. Also a restriction should be made for the
mechanical and optical disciplines, the internationally accepted temperature is not
exceed 20°C.
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NOMENCLATURE

Symbol

Nu

Pr
Ra
Re

X, Y, Z
eff

Quantity

Density, kg/m®

Constant

Computational cell Volume, m®
Distance, m

Relative humidity, %
Temperature, K

Total energy of a fluid particle, J

Dimensionless term describing the turbulent dissipation rate, ¢

Instantaneous velocity component in x direction, m/s
Axial velocity, m/s

Time, s

Generation of turbulent kinetic energy, k, due to boyancy
Turbulence kinetic energy production

gB(T,-T,)L

2
14

Grashohf number, Gr, =

Enthalpy, kJ/kg
Molecular viscosity, kg.m/s
Height, m

2
Brinkman number, Br:ﬂ—Ue
kAT
Source term
modulus of the mean rate-of-strain tensor
Turbulent Kinetic energy, m?/s?

Thermal conductivity, W/m°c
Velocity vector, m/s

Velocity magnitude, m/s
Instantaneous velocity component in y direction, m/s

Instantaneous velocity component in z direction, m/s

Source term
modulus of the mean rate-of-strain tensor

Nusselt number, Nu, :i—L

!
Pressure, Pa
Prandtl Number, Pr=C,u/k
Rayleigh number, Ra = Gr x Pr
Reynolds Number, Re=p U |/
Cartesian coordinate components
Effective property
Turbulence dissipation rate m?/s®
Diffusivity
Donates Scalar property (i.e. density, energy, ..etc.)
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INTRODUCTION

The introduction of a proper ventilation system was suggested in order to control the
indoor air climate conditions. Proper ventilation system is very necessary to satisfy the
precision in calibration for the Measuring Equipment Laboratory. Ventilation in this kind
of critical applications has not been investigated before. That is why this research aims
to find the optimum airside system design through CFD simulation as well as to develop
adequate understanding of the problem. Air movement inside enclosures prediction via
CFD is a strong tool for reaching better designs for inlets and outlets positions in
ventilated spaces.

The objectives of this paper are studying and understanding the nature of the give air
flow problem:
e To explore the options for measurement of indoor air flow patterns, with respect
to accuracy, sensitivity, applicability and availability,
e To obtain good documented full-scale measurements in actual ventilated
laboratory room that can be used for comparison with CFD-simulations.
e To investigate a type of flow problem that subscribes to the current view in
ventilation.

The previous experimental and numerical investigations of airflow characteristics in the
enclosed spaces have been reviewed to provide an overall view of the research status
at the start of the present work , Such as Yamazaki, et al. [2], covered the physical
modelling using a full-scale model and also the mathematical modelling. They
constructed a system of air distribution in an air-conditioned space, then by using the
algorithm of Launder and Spalding [3] , and that modified by Spalding and Patankar [4],
they solved the three dimensional distribution of flow and temperature in the desired
space. They also compared the computed results with the experimental data; and
reported some of differences between the computed and the experimental results.

Medhat [5] performed a comprehensive set of flow and heat transfer measurements on
the reduced-scale model of a conference room. He found that reduced-scale model can
yield representative indications only in simple configurations. Hosni et al [6] performed
an experimental investigation to measure flow characteristics in a conference room and
reported also the corresponding numerical investigation. Medhat [7] performed flow and
heat transfer experiments on the full-scale model of a conference room. He found that
the turbulence nature of the flow is normally non-isotropic in all cases of experimental
tests. The buoyant forces with non-isothermal jet cause the throw to be shorter than
that in the isothermal jet for velocities less than 0.762 m/s. Nielsen [8] studied the fluid
flow characteristics in the air-conditioned room configuration of Blum [9]. (H denotes the
room height; room length is 3H, room width is 2H. The inlet (supply) /wall area ratio is
0.00126; thus yields inlet Reynolds number of 93000).

Kameel and Khalil [10] studied the velocities, turbulence distributions and heat transfer
interactions inside a conference room. They studied the effects of supply flow rate,
discharge velocity, supply area, and discharge angel on the airflow and temperature
distribution inside the conference room. They concluded that airflow patterns in rooms
are more quite using longer supply grilles and both micro and macro mixing levels are
influential. More maximum absolute velocities and higher turbulent characteristics are
demonstrated in situations with smaller supply jets where cold jet penetrates more.
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Gaspar et al. [11] evaluated the performance of different CFD codes in building and
environmental analysis. The advantages and the performance of (two) commercial CFD
codes and an academic CFD code developed for this purpose are evaluated. The
codes were applied to predict typical situations of the airflow in buildings and the
predictions were compared with experimental results. A reduced scale model was used
for experimental investigations. The comparison between numerical and experimental
results showed much more agreement for the velocities than for the temperatures.
Schalin and Nielsen [12] studied the validity of turbulence models for the computational
fluid dynamics simulation for airflow inside enclosures. They have concluded that the
well-established k-€ model shows large deviations in the occupied zone. And hence this
turbulence model needs further improvements. They have found also that the wall jet
behaviour can be conveniently modelled using a suited wall reflection terms in the
Reynolds-averaged Navier-Stokes (RANS) models, these can be included in the RSM,
and the algebraic stress models (ASM). Finlayson et al. [13], used computational fluid
dynamics commercial package in order to predict the pollutant dispersion in a large
indoor space . Comparison with a scale model experiment for isothermal flow of a
previous work by Thatcher et al. was also investigated and analyzed. The results
suggest that computational fluid dynamics modelling approach is adequate for
predicting isothermal pollutant transport in a large room with simple geometry. Their
work assumed that "agreement between CFD predictions and ensemble averaged
experimental measurements is quantified using the ratios of CFD-predicted and
experimentally measured dye concentration at a large number of points in the
measurement plane". The results of the investigations were considered good as these
ratios fall between 0.5 and 2.0 at all points in the plane. The standard k-epsilon two-
equation turbulence model obtains this level of agreement and predicts pollutant arrival
time to the measurement plane within a few seconds.

This paper consists of both experimental and numerical approaches to predict the flow
pattern in the vicinity of supply diffusers and in the vicinity of the level of standard
devices (level of operator) for measuring the instruments, and the comparison between
them. An experimental traversing mechanism and experimental robust measuring
probes were utilized to measure and map the velocity, temperature and relative
humidity contours.

COMPUTATIONAL WORK

For this paper, CFD simulation for airflow inside a laboratory room, numerical
techniques were used to model the airflow characteristics. This refers to the
mathematical modeling and analysis of the movements of fluids (liquids or gases) under
specified conditions to predict behavior. Because the calculations are so extensive and
repetitive, CFD analysis requires the use of a powerful computer. Graphical output
shows the results of the analysis.

Governing Equations
The program solves the differential equations governing the transport of mass, three

momentum components, and energy in 3D configurations under steady conditions [14-
19].
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The different governing partial differential equations are typically expressed in a
general form as:

B
dy

:_xpuq) + E%vq) + i Wo = %(I‘::pjeff Z;j:] + E'i}_[l—"bj eff )"‘i(rqﬁj eff E;.;:) +S¢(1)

Where: p = Air density, kg/m3
® = Dependent variable.
So = Source term of ®.
U, V, W = Velocity vectors.
o, eff = Effective diffusion coefficient.

The effective diffusion coefficients and source terms for the various differential
equations are listed in Table1. Turbulence model of Launder et al [3] was incorporated
in this paper. Details of the modeling technique and assumptions can be found in
references [3], [8], [10], [20], and [21].

Computational Domain

The results of the numerical prediction and the corresponding analysis are presented in
this paper, including the influence of supply air temperature, supply air velocity, outlet
shape on the main air parameters, such as air throw, airdrop, room air velocity,
temperature distribution, and influence of return air. The room height (H) is 3.0 m, the
room width (W) is 8.0 m, and the room length (L) is 13.0 m. The supplied airflow to the
laboratory was deviced through three square ceiling perforated diffusers each 0.6 x 0.6
m. The air extract system in the laboratory is based on the extract of the flow from two
square ceiling extract grills ( Return Openings),(R1,R2), each 0.6 * 0.6 m, The two
extract grills centers are located at X, Y equal to (2.4,10.7)m, and R2 is located at
(6.6,7.7)m. The three supply diffuser centers are located at X, Y equal to (1.4, 7.7),
(2.4, 6.5), (6, 6.5), dimension in meters. Such design was developed to isolate the
region of operation from the all environment in the laboratory. The present experiments
were performed with the presence of two standard devices (D1 , D2) used for
calibrating the instruments, whose dimensions are (0.70.6*0.15 m), each of them has
heat flux =1kW/m2 , D1 is located at X, Y, Z equal to (1.5,3,1)m, and D2 is located at X,
Y, Z equal to (5.9,10,1)m, as shown in Fig.1.

Numerical Solution Techniques

Mesh sizes used in this paper exceeded 200,000 mesh volumes in one case, and all
mesh sizes were above 600,000 mesh volumes which allowed better and meaningful
predictions of the flow regimes. The SIMPLE algorithm is used for the pressure-velocity
coupling and a second order upwind scheme was use for discretization of the governing
equations.

The governing equations are solved simultaneously with thermal boundary conditions,
hydrodynamics, and turbulence model enable to predict the air flow characteristics
quantitatively.
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Table 1. Terms of Partial Differential Equations (PDE).

D I' @ efr So
Continuity 1 0 0
X-momentum U Meff -0P/ox +pgx
Y-momentum V Meff -0P/oy +pgy(1+pAt)
Z-momentum W Meff -0P/0z +pgz
H-equation H Meff/OH ... SH
k-equation k Meff/Ok G-pe
g-equation € Meff/Oe Ci1e G/k—-Cz2p e2/k
Ueff= [lam+ Ut ut=p Cu ko/ ¢

G= u[2(U/dx)+(dV/AyyF+(d W/ dzp}H AU/ dy+ dV/dxy+(0V/dz+
O W/ 3 yp+(9U/dz+3 W/ ax)]

Ci=144,C2=1.92,C. =0.09
ou=09, oru=09, 0 - =0.9, 0k=0.9, 0 « =1.225

Boundary Conditions

The flow field is taken as a stagnant field initially which led to make the initial values of
U, V and W equals to zero. Fluctuations in the velocities with intensity equal to 1 % of
the inlet velocity of air are assumed. This leads to calculate the initial kinetic energy k
and the initial dissipation rate €, that lead us to specify the k=0.0002 for normal
velocities. The inlet velocity profiles are taken to have a uniform distribution. The inlet
fluctuations in the inlet velocity are taken with intensity equal to 0.2 of the inlet velocity,
and to be uniform in form. The corresponding exit flow conditions are similar in the form
to the inlet conditions.

The temperature conditions , which have a value in present cases. In cooling conditions
the supply temperature will remain at constant value, and the room temperature will
remain at constant temperature, which it is the initial condition. At the outlet opening,
the condition will be taken as (dt/0x=0). A staggered grid system is employed for the
velocities in the Z direction to avoid the decoupling effects between the velocity and the
pressure that are frequently observed with the non staggered grid. The using of the
staggered grid reduces the error in the calculation that being due to the closing of the
air opening to the ceiling or the floor.
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In the regions near a wall, the velocities tend to zero and hence the local Re is small,
and if the exact momentum equations are to be solved in this region, then a large
number of grid nodes is needed. One can resort to the alternative solution of
"laminarizing" the model in these regions, as in Khalil 1978. The flow in the region near
the wall is presented by the approximated Couettee flow based on the logarithmic law
of the wall.

EXPERIMENTAL WORK

Measurements of the velocity, air temperature, and relative humidity were obtained in
the present flow configuration with the aid of a (Hot-Wire Thermo-Anemometer).The
present measuring setup comprises a three dimensional traverse mechanism was
utilized to hold the measuring instrument at various locations in the room as shown in
the schematic sketch in Fig.2.That traverse mechanism was designed and constructed
from a connection of two sliding rods relative to each other. The lower rod is hollow and
was supported over a rolling base , and The upper rod was designed to slide inside the
lower rod. The height of the lower rod is 1.25 m from the floor and the height of the
upper one is 1.85 m, and 1.75 m from the lower end of the lower rod; thus finally
enabling a final possible height equals to 3.0 m from the floor.

The present measurements were performed in vicinity of supply diffusers, to obtain the
complete data of inlet boundary conditions, also in the vicinity of the level of standard
devices for measuring the instruments, to obtain the complete data about the conditions
in the operating area. On the other hand, the same data will be used to verify the
numerical procedure that will be produced to obtain more parametric simulations that
assist to enhance our knowledge of the air environment inside the laboratory room.

Measurements were obtained in the vicinity of the supply grilles by dividing the
measuring locations to 8 x 8 points at Z equal to 2.95 m, 29 m, 2.8 m, and 2.7 m, as
shown in Fig.3. The measuring locations were distributed in Figure 3.4 such as to get
optimum measuring results, and to minimize the experimental errors due to the position
deviation uncertainty.

Measurements were obtained in the vicinity of the level of standard devices for
measuring the instruments between 1.0 m height and 2.0 m height from the floor. Fig.4
shows the measuring locations in both horizontal and vertical sections.

RESULTS AND DISCUSSIONS

Table 2 illustrates the condition of non-isothermal cases (cooling processes) that
achieved by using the present models and illustrate the output results that represented
from it. Temperature difference At = -10°C, the inlet temperature to = 15°C, and the
outlet temperature (or Room temperature) t. = 25°C. The dimension was tacked as
(L,W, H equals 13.0,8.0,3.0 m), and the dimensions of the return openings (R1,R2)
were tacked as (0.6 * 0.6m), and the angle of inlet air (Air Supply Outlet) was tacked as
30 angle downward to the horizontal (+ ve X direction). The supply air was introduced
with a velocity equal to 0.9 m/s. The discharge angle equal to zero.
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Table 2. Case Study.

Case 1-NI

Supply Open (S1) m*m 0.6*0.6

Supply Open (S2) m*m 0.670.6

Supply Open (S3) m*m 0.670.6
Room Lengh (L) m 13

Mesh Size 600,000
Velocity Vector in vertical plan Yes
Velocity Vector in horizontal plan Yes
Velocity Contour in vertical plan Yes
Velocity Contour in horizontal plan Yes
Kinetic Energy Contour in horizontal plan Yes
Relative Humidity Contour in horizontal plan Yes
Isothermal Contour in horizontal plan Yes

Figure 5 shows the predicted fluid flow vectors (in the horizontal plan). It can be seen
that the small penetration of the inlet air, and the recirculation zone that created in the
sides of the jet flow. The values of the reverse flow are relatively small to the main flow.
The air penetration in this case was decreased strongly relatively to the isothermal
cases, due to the presence of the buoyancy effect. In this case, the decreasing of inlet
velocity, with comparing to the isothermal cases, has much effect on the air throw due
to the combination of it with the presence of the temperature difference.

Figure 6 shows the predicted U velocity contour (constant velocity lines In the horizontal
plan). The spread became small due to the high drop that caused due to the buoyancy
effect. The jet recirculation zones were disappeared partially due to the high drop with
the comparing to the isothermal cases.

Figure 7 shows the predicted isothermal contour (constant temperature lines in the
horizontal plan). It can be seen the distribution of temperature in the room ,the
temperature still constant and equal to the room temperature.

Figure 8 shows the predicted isothermal contour (constant temperature lines in the
horizontal plan). It can be seen the distribution of temperature in the room ,the
temperature still constant and equal to the room temperature, and the temperature near
the devices is high due to the heat generation from them.

Figure 9 shows the predicted relative humidity (R.H.%) contour (constant relative
humidity lines in the horizontal plan). It can be seen the higher humidity level appears in
the ceiling below the supply openings that in the same region of the high velocity flow or
by another words in the domain of the jet downstream, Hosni et al 1996.
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Figure 11 shows the predicted relative humidity (R.H.%) contour (constant relative
humidity lines in the horizontal plan). It can be seen the lower humidity level appears in
the area around the devices that in the same region of the low velocity flow .

CONCLUSIONS

The following are the more important findings in this paper :
* Fluent is able to predict there are good agreement between numerical and
experimental results.
» Small variation occurred in temperature and relative humidity in the laboratory
room, which is required to satisfy the optimum conditions for calibration process.
* Fluid flow computations utilizing k - € turbulence model are very sensitive to the
inlet conditions assumptions, especially the kinetic energy (k) profile.
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levels in the vicinity of supply diffusers, X-Z plan, Y=6.5m.
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Fig.14. Comparison between Predicted and Measured Velocity profiles at various levels in the
vicinity of the level of standard devices, X-Z plan, Y=10.5m.
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Fig.15. Comparison between Predicted and Measured Temperature profiles at
various levels in the vicinity of the level of standard devices, X-Z plan, Y=10.5m.
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Fig.16. Comparison between Predicted and Measured Relative Humidity% profiles at various
levels in the vicinity of the level of standard devices, X-Z plane=10.5m.





