
EVALUATING THE PERFORMANCE OF A LOW REYNOLD'S NUMBER 

TURBULENCE MODEL FOR DESCRIBING MIXED-FLOW 

AIRSPEED AND TEMPERATURE DISTRIBUTIONS 
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ABSTRACT. The effectiveness of a three-dimensional mixed-flow turbulence model describing airspeed and temperature 
distribution in a laboratory scale slot-ventilated chamber was evaluated. Airspeed and temperature profiles were 
investigated near the inlet jet region and along an axial line extending from the inlet. The observed jet-floor impingement 
location was accurately predicted^ with a maximum difference of 18% (Ax/L = 0.18), Average building temperature as a 
Junction of the inlet corrected Archimedes Number was also accurately predicted. Differences between measured and 
predicted values were 5,0% or less. Airspeed and temperature profiles near the inlet and along an axial line from the inlet 
were compared and large localized errors were found. Keywords. Model, Temperature, Ventilation, Turbulence. 

Mathematical models describing the behavior of 
fresh air entering a livestock facility can be 
useful for assessing alternative ventilation 
strategies. Such models exist, but considerable 

validation research is needed before these models can be 
used with confidence. This research project was designed 
to investigate the accuracy of a three-dimensional 
turbulence model describing airspeed and temperature 
distributions in a livestock facility. The model was a low 
Reynold's Number, two equation turbulence model 
described by Hoff et al. (1992). Hoff et al. (1992) focused 
on the overall airflow patterns and contour distributions of 
airspeed and temperature. The objective of this study was 
to evaluate the performance of the low Reynold's Number 
turbulence model and its ability to describe airspeed and 
temperature distributions in a scale-model, ceiling slot-
ventilated chamber representative of a livestock 
confinement facility. 

MATERIALS AND METHOD 
The experimental data was collected in a laboratory 

scale ventilation chamber with the arrangement shown in 
figure 1. Ventilation air was pre-treated with an air 
conditioner (Aminco Aire, model 4560) and passed through 
an inlet plenum (fig. 1). An exhaust fan pulled air through 
the chamber at selected mass flow rates monitored with 
inlet and exhaust orifice plates. 
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The chamber was 2.4 m x 2.0 m x 0.64 m with a 
continuous ceiling slot-inlet located along one 2.0-m-long 
end wall as shown in figure 2. The physical dimensions of 
the chamber are identical to those reported in Barber and 
Ogilvie (1984). The inlet slot width was adjustable for inlet 
widths between 0.0 and 20.0 mm. The floor was 
maintained at 33.0° C with a closed-loop negative feedback 
control system (Hoff, 1990). Chamber walls and top were 
insulated with 5.1 cm of rigid insulation beneath 8.9 cm of 
blanket insulation. Adiabatic conditions were assumed 
(and mathematically modeled) with this arrangement. 
Table 1 summarizes the five nonisothermal ventilating 
conditions investigated and gives inlet corrected 
Archimedes Number (Ar^), inlet jet momentum number (J), 
and Rayleigh Number based on chamber height (Ra^) (see 
nomenclature for each condition). The five ventilating 
conditions represent two highly buoyancy-affected flows 
(Ar̂ , = 123.3, 73.5), one moderately buoyancy-affected 
flow (Ar̂ j = 52.7), and two mildly buoyancy-affected flows 
(Arc = 37.8,11.0). 

Temperature and airspeed distributions were recorded at 
105 locations in one symmetrical half of the chamber. 
Temperature was measured with T-type thermocouples and 
airspeed was measured with an omnidirectional 
anemometer (TSI, Inc., model 8472). The 105 measuring 
locations were accessed through ceiling ports using a 
telescoping probe. From the 105 measuring locations, 
seven points along profile B-B and five points along profile 
A-A were used for comparing horizontal and vertical 
profiles, respectively (fig. 2). Time-averaged airspeed and 
temperature distributions were recorded by averaging the 
values over a 180 s time period using a 5.0 Hz sampling 
rate. The sampling rate and frequency were found to be 
adequate for the level of turbulence encountered 
(Hoff, 1990). 

ASSESSING MODEL PERFORMANCE 
The experimental (measured) temperature and airspeed 

distributions were compared to the mathematical model 
(predicted) results. The predicted results were generated 
using the Lam-Bremhorst Low-Reynolds (LBLR) Number 
turbulence model (Lam and Bremhorst, 1981) with the 
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Figure 1-Schematic diagram of experimental set-up. 

buoyancy corrections proposed by Chen et al. (1990). The 
details of the model used for this research project are given 
by Hoff et al. (1992). The model solves the governing 
differential equations that describe the conservation of 
mass, momentum, energy, turbulent kinetic energy, and 
dissipation of turbulent kinetic energy. 

Direct comparisons were made between the measured 
and predicted temperature and airspeed distributions. 
Airspeed and temperature were normalized using 
equations 1 and 2: 

'-V, 

e-(T"T,) 

(1) 

(2) 

nonisothermal ventilating conditions (table 1) by 
comparing experimental (measured) results with 
mathematically modeled (predicted) results. Horizontal 
airspeed and temperature distributions were investigated at 
a vertical height of y/H - 0.96 (profile B-B, fig. 2). 
Vertical airspeed and temperature distributions were 
investigated at an axial distance from the inlet of x/L -
0.18 (profile A-A, fig. 2). These locations were selected 

Table 1. Experimental conditions monitored and inputs 
used for the mathematical model 

Condition Ai(m^) Q (m^/s) Ti(°C) T.CQ Aij. 

1 
2 
3 
4 

0.0030 
0.0018 
0.0013 
0.0090 

0.004 
0.004 
0.004 
0.012 

9.9 
10.2 
10.2 
11.7 

33.4 
33.5 
33.4 
33.3 

123.3 
73.5 
52.7 
37.8 

1.8x10"^ 
2.9x10"^ 
4.2x10"^ 
5.3x10"^ 

5.95 xlO 
5.90 xlO 
5.87 XlO 
5.47 XlO 

0.0038 0.012 18.4 33.4 11.0 12.6x10" 3.69 XlO* 

The normalized temperature (9) varies between 0 at the 
inlet and 1 at the heated floor. The results were used to 
investigate the performance of the LBLR model at five 

profile locatioii 
A-A z/W=0.50, x/L=0.18 
B-B z/W=s0.50, y/H =0.96 

Figure 2-Locations of airspeed and temperature vertical and 
horizontal profiles used to compare measured and LBLR-predicted 
results. 
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140 

Predicted •90% Confidence ' Measured 

Figure 3-Measured (eq. 5; -) vs. predicted (•) dimensionless space 
temperature (6) as a function of inlet corrected Archimedes Number 
for each of the five ventilating conditions shown in table 1. The 
interval about the measured result represents the 90% confidence 
interval. 
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because they represent the profiles immediately affected by 
the inlet jet, which for this study were of prime importance. 

The LBLR model was evaluated by comparing specific 
airspeed and temperature profiles. In addition, the mean 
square error (MSE) was evaluated using equations 3 and 4: 

RSS= ^ (measured-predicted )? (3) 
i - l 

MSE=SSS_ 
N 

(4) 

RESULTS AND DISCUSSION 
AVERAGE CHAMBER TEMPERATURE 

Measured and predicted average chamber temperatures 
are shown in figure 3 as a function of the inlet corrected 
Archimedes Number. Average space temperatures were 
determined from the 105 measured locations in one 
symmetrical half of the chamber. In equation 2, T is 
replaced with T̂ y. When Ar̂  was above 40, the overall 
normalized average space temperatures were at about 0 » 
0.85. Maximum temperature differences occurred for 
condition one, Ar̂  = 123.8, where the difference between 
measured and predicted values was 5%. Predicted 
temperatures for ttie remaining four conditions (Ar̂  « 73.5, 
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Figure 4-Average vertical temperature profile at x/L « 0.18 for (a) Ar̂  = 123.3, (b) Ar̂  « 73.5, (c) Ar̂  » 52.7, (d) Ar̂  « 37.8, and (e) Ar̂  « 11.0. 
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52.7, 37.8, and 11.0) were within 4% of the measured 
average values. Two conditions (Ar̂ , = 73.5 and 11.0) 
agreed within 1 % of each other. 

A second-order equation was developed for the 
measured results (N « 5). The resulting regression equation 
was: 

Q^ = 0.48 + 1.03 X 10-2 (Ar^) ^ 6.13 x 10-5 (Ar^)2 

(r2 = 0.96) (5) 

Equation 5 is valid for Ar̂ . between 11.0 and 123.3 and 
represents the expected average building temperature as a 
function of Ar^. Figure 3 summarizes the measured results 
(eq. 5) with the predicted results. Included in figure 3 is the 
90% confidence interval for the measured results. The 
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(a) 

LBLR-predicted results were all within the 90% 
confidence interval. 

The average vertical temperature profile in the chamber 
was compared to further assess the model's ability to 
predict the average temperature. Figure 4 (a through e) 
show the measured and predicted average normalized 
vertical temperature profile at x/L = 0.18. The comparison 
represents the average transverse temperature (z-direction) 
at x/L = 0.18. The agreement between measured and 
predicted results is good. Differences between measured 
and predicted average normalized temperatures were all 
within 8% for vertical locations at y/H < 0.68. Larger 
errors (« 16%) were measured near the ceiling (y/H = 
0.96). 

JET-FLOOR IMPINGEMENT 

Figure 5a summarizes the predicted and measured jet-
floor impingement location for each of the five inlet 
corrected Archimedes Numbers listed in table 1. The 
predicted floor impingement location was defined as the 
horizontal position of the near-floor grid point where the 
normalized temperature was a minimum. The near-floor 
grid was located at y/H = 0.02. The decrease in floor 
impingement distance with increasing Ar^ is well predicted 
(fig. 5a) and indicates the effect of buoyancy on the inlet 
jet at high inlet corrected Archimedes Numbers. As 
indicated in figure 5a, the measured impingement location 
(Xgn^/L) was underpredicted for Ar^ less than 40 and 
overpredicted for Ar̂ , greater than 40. For example, at Ar^ 
of 11.0 (condition five), the measured impingement 
location occurred at Xg^/L = 0.82 and the predicted 
location was at X^Jh = 0.97. Conversely, for an Ar̂ . of 
123.3 (condition 1), the measured impingement location 
occurred at Xg^/L = 0.21 and the predicted location 
occurred at X^Jh = 0.03. 

A second-order equation (N = 5) was developed for the 
measured results: 
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(r 2 =0.99) (6) 

Equation 6 is valid for the investigated range of Ar^ 
between 11.0 and 123.3 and represents the expected floor-
impingement distance as a function of Ar̂ .. Figure 5 
summarizes the measured results (eq. 6) with the LBLR 
predicted results. Included in figure 5a is the 90% 
confidence interval for the measured response. The LBLR 
predicted results were all within the 90% confidence 
interval. 

Measured a Predicted 

(b) 

Figure 5-(a) Measured (eq. 6; -) vs. predicted (•) jet-floor 
impingement location (x/L) as a function of tlie inlet corrected 
Archimedes Number for the ventilating conditions shown in table 1. 
The interval about the measured result represents the 90% 
confidence interval, and (b) comparison with measured (•) and 
predicted (D) floor impingement locations (X^) with the experimental 
findings from Kaul et al. (1975) and Leonard and McQuitty (1986). 
The three zones correspond to the limits shown in table 2. 

Table 2. Proposed rules on floor impingement location (X£) based on results 
summarized in Kaul et al. (1975) and Leonard and McQuitty (1986) for the 

five ventilating conditions shown in table 1 and the chamber 
dimensions shown in figure 1 (all units are in meters) 

Inlet Corrected Archimedes Number 

Profile 
Horizontal V* 
Horizontal Tf 
Vertical V 
Vertical T 

123.3 
0.99 E-03 
0.23 E-01 
1.09 E-03 
0.28 E-01 

73.5 
0.57 E-03 
0.08 E-01 
0.44 E-03 
0.07 E-01 

52.7 
0.51 E-03 
0.18 E-01 
0.62 E-03 
0.04E-01 

37.8 
2.96 E-03 
0.08 E-01 
2.86 E-03 
0.02 E-01 

11.0 
0.26 E-03 
0.15 E-01 
0.36 E-03 
0.20E-01 

* Y =• normalized airspeed, 
t T « normalized temperature. 
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Figure 6-HorizontaI airspeed and temperature profiles at y/H = 0.96 for (a) Are = 123.3, (b) Are = 73.5, (c) Are = 52.7, (d) Are =* 37.8, and 
(e) Are = ll-<>-

Jet penetration, and hence floor impingement, is a 
function of inlet momentum, buoyancy, ceiling roughness, 
building size, and inlet/exhaust configuration. For the 
building arrangement shown in figure 1, Kaul et al. (1975) 
found that a maximum penetration of 3H exists. For this 
study, that equates to 1.92 m or X^/L = 0.80 which agrees 
with the measured results (XE^HI/L = 0.82). The maximum 
predicted jet penetration was XE,p/L « 0.97, which implies 
that the jet detached from the ceiling near the opposite end 
wall where a change in flow direction occurred. The 
LBLR-predicted detachment occurred at 3.7H which 
exceeds that found in this study and reported by Kaul et al. 

(1975). Leonard and McQuitty (1986) found that at low 
Archimedes Numbers, the jet penetration encompassed the 
entire length of their test chamber which equated to a 
distance of 3.7H. 

Kaul et al. (1975) summarized generalized rules relating 
the floor impingement location (Xg) from nonisothermal 
horizontally projected plane-wall jets as a function of the 
Archimedes Number. Tliese rules, and the upper bound rule 
suggested by Leonard and McQuitty (1986), are shown in 
table 3 and a comparison with the present study is shown in 
figure 5b. Boxed areas in figure 5b give the expected Xg 
limits based on the rules summarized in table 2 for the 
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ventilating chamber used in this study (i.e., H - 0.64 m, 
L - 2.40 m). In general, the predicted and measured floor 
impingement results from this study agree with the rules 
summarized in Kaul et al. (1975) and Leonard and 
McQuitty (1986). 

The discrepancies between measured and predicted 
floor impingement locations can not be explained purely on 
the basis of past experimental work nor from the present 
experimental measurements. Additional research is needed 
to formulate criteria that defines floor impingement 
locations for various building sizes, inlet/exhaust 
configurations, and levels of jet buoyancy for which 
modeled results can be compared for future improvements. 

SYMMETRY-PLANE AIRSPEED AND 
TEMPERATURE PROFILES 

To assess the LBLR model's ability to predict the 
behavior of the jet as it enters the ventilated space, selected 
profiles of airspeed and temperature were analyzed. The 
airspeed and temperature results at the symmetry plane 
along both a horizontal and a vertical profile were 
investigated. 

AIRSPEED AND TEMPERATURE HORIZONTAL PROHLES 
Figure 6 (a through e) summarizes the symmetry plane 

horizontal distribution of airspeed and temperature at y/H 

- 0.96. For each set of figure 6 (a through e), the left figure 
is normalized airspeed (p) and the right figure is 
normalized temperature (6). 

Airspeed differences varied from a maximum of 11.4% 
(Arc * '̂7-̂ ' ^^^ ^ ^'^^^ ^^ ^ minimum of 0.2% (Ar̂  -
123.3, x/L = 0.98). As shown in figure 6 (a through e), the 
predicted airspeed was, in general, lower than the measured 
airspeed except for the points located very near the inlet. 
For example, at x/L « 0.04, the level of overprediction was 
1.3, 3.9, 3.4, 6.4, and 3.3% for Ar̂  = 123.3, 73.5, 52.7, 
37.8, and 11.0, respectively. This indicates that the model is 
underpredicting the spread of the jet at this location. 

The overall shape of airspeed profiles agree quite well 
except at Ar̂ . - 123.3. Peak airspeed levels at Ar̂  = 73.5, 
52.7, 37.8, and n.O were predicted at axial (x/L) locations 
that agree with the measured peaks. Peak airspeed levels 
had differences ranging from 1.8% (Ar̂  « 73.5) to 11.4% 
(Ar̂  - 37.8). The airspeed profile shown in figure 6a 
(Ar̂  = 123.3) does not agree very well with the measured 
result. For this condition, the inlet jet was observed 
(and predicted) to drop immediately after entering the 
chamber and thus the profiles presented do not represent 
inlet jet behavior. 

Condition five represents nearly isothermal conditions 
(Ar^ « 11.0). The airspeed profile predicted closely 
matches the measured results. Differences in airspeed for 
this condition varied between 0.0 and 3.3%. 
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Figure 6 (continued)-Horizoiital airspeed and temperature profiles at y/H » 0.96 for (a) Ar̂  » 123.3, (b) Ar̂  » 73.5, (c) Ar̂  ^ 52.7, (d) Ar̂  
37.8, and (e) Arc-11.0. 
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Figure 7-Vertical airspeed and temperature profiles at x/L = 0.18 for (a) Ar̂  « 1233, (b) Ar̂  - 73.5, (c) Ar^ * 52.7, (d) Ar^ « 37.8, and 
(e) Are - II-®-

Measured temperatures were generally below predicted 
temperatures [fig. 6 (a through e)]. Exceptions were 
temperature profiles near the near inlet (x/L < 0.40) for 
Ar̂  - 73.5, 52.7, and 37.8 as shown in figure 6 (b through 
d), respectively. The predicted temperature depressions 
were abrupt whereas the measured depressions were not. 
Experimentally, the effect of the chilled jet is clearly shown 
by the measured temperature depressions shown in 
figures 6 (a through c) for Ar̂  - 123.3, 73.5, and 52.7, 
respectively. Differences ranged from a low of 8% (Ar̂ . « 
37.8) to a high of 15% (Ar̂  - 123.3). Differences for Ar̂  -

73.5, 52.7, and 11.0 were 9, 13, and 10%, respectively. In 
general, temperature was consistently overpredicted by 
12%. 

One possible reason for the difference between 
predicted and measured results is that steady-state thermal 
conditions may not have been achieved in the experimental 
apparatus before data collection began. The chamber was 
allowed to stabilize for 60 min before data collection began 
and the temperature results of figure 6 suggest this was not 
sufficient. 
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Figure 7 (continued)-Vertical airspeed and temperature profiles at x/L = 0.18 for (a) Ar,. = 123.3, (b) Ar^ * 73.5, (c) Ar^ = 52.7, (d) Ar̂ . = 37.8, 
aiid(e)Arc =11.0. 

AIRSPEED AND TEMPERATURE VERTICAL PROFILES 

Figure 7a through e represent the symmetry plane 
vertical profiles of airspeed and temperature at an axial 
(x/L) location of 0.18 (fig. 2). Figure 7 (a through e) 
corresponds to the five conditions listed in table 1, 
respectively. Normalized airspeed (p) is shown in the left 
figure and normalized temperature (([)) is shown on the 
right figure. 

Comparison of measured and predicted normalized 
airspeed and temperature vertical profiles in the chamber 
indicate relatively close agreement for Ar̂ . = 52.7, 37.8, 
and 11.0 [fig. 7 (c through e)]. Airspeed was overpredicted 
and temperature was underpredicted for these three 
ventilating conditions. 

Table 3. Summary of the MSE, eq. 4, for each of the vertical and 
horizontal profiles presented 

Condition 

1 
2 
3 
4 
5 

Afc 

123.3 
73.5 
52.7 
37.8 
11.0 

Rules for 

0 < X E 

0 < X E 

0.64 < X E 

0.64 < X E 

X E 

XE* 

<0.64 

<0.64 

<Xn,ax 

^^nax 
at Y 

Zonet 

III 

III 

II 

II 

I 

^E,mt 

0.43 

0.82 

1.20 

1.20 

1.97 

XE,P$ 

0.07 
0.43 
0.96 
1.20 
233 

* Summarized by Kaul et al. (1975) based on results from Schwenke (1973). 
X,nax bounded by 3H = 1.92 m as proposed by Kaul et al. (1975) and 3.7H « 2.37 m 
as proposed by Leonard and McQuitty (1986). 

t See figure 5b. 
t Floor impingement locations measured (X g^) and predicted (X g ,̂) for current 

study. 

For Ar^ = 123.3 and 73.5, the measured and predicted 
values of normalized airspeed and temperature differed 
substantially. For these two conditions, the inlet jet dropped 
near the inlet. The difference between the ceiling 
detachment point probably contributed to the differences in 
airspeed and temperature trends. For example, at Ar̂ . = 
123.3, the jet was predicted to fall immediately upon 
entrance to the chamber at a distance less than x/L = 0.18. 
This is reflected in the low jet velocity at the vertical plane 
x/L = 0.18 (fig. 7a). The measured floor impingement 
location was x/L = 0.18 which means the measured profile 
shown in figure 7a dissects the dropping inlet jet. In 
essence, the measured and predicted profiles shown in 
figure 7a compare two events unrelated to the inlet jet. The 
inability of the model to accurately predict the ceiling 
detachment location is a shortcoming of the LBLR model 
used. Work is being conducted to overcome this deficiency. 

Table 3 summarizes the mean square error (MSB) for 
the profiles shown in figures 6 and 7. The results are the 
cumulative errors based on a comparison of the predicted 
airspeed and temperature and the measured results at the 
same spatial location within the chamber. These results 
clearly show a relatively large MSE for airspeed prediction 
at Ar̂ , = 37.8. This discrepancy was apparent from the 
profiles shown in figures 6d and 7d. It is difficult to assess 
why the flow conditions at Ar̂ , = 37.8 resulted in such a 
discrepancy. One possible explanation is that the jet is 
relatively unstable between Ar^ = 30 and 70 (Barber et al.. 
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1982). Experimental results at this unstable level could 
lead to relatively large errors since the airflow patterns are 
not well estabhshed. 

SUMMARY 
Overall, the LBLR model adequately predicted airspeed 

and temperature distributions and the experimentally 
measured trends as the jet entered the ventilation chamber. 
Comparison of specific profiles, however, indicated 
shortcomings with the LBLR model. Two major model 
discrepancies were identified that need further attention 
before the LBLR model can be used as an effective 
ventilation design tool. First, the model had a tendency to 
underpredict the ceiling detachment location (and hence 
floor impingement location) for Ar̂ , number flows above 
40. Simultaneously, the model overpredicted the ceiling 
detachment location for Ar̂ , flows below 40. This inability 
to predict ceiling detachment reduced the LBLR model's 
ability to predict specific airspeed and temperature profiles 
within the chamber. 

Secondly, the LBLR model underpredicted the overall 
spread of the inlet jet. This discrepancy was the reason that 
the LBLR model overpredicted the ceiling detachment 
location at low Ar̂ . flows (< 40). These two discrepancies 
must be further understood if the LBLR model is to be 
used to evaluate slot-ventilated livestock facilities. 

The vertical profiles shown in figure 7a-e indicate the 
need for refining the experimental grid near the ceiling and 
floor. Gradients in airspeed and temperature near the 
ceiling and floor can only be satisfactorily discretized with 
a refined grid in these regions. The authors recommend at 
least seven grid points between the dimensionless height of 
y/H = 0.70 and y/H = LOO. Concurrently, a requirement of 
five grid points between y/H = 0.00 (floor) and y/H = 0.30 
appears to be sufficient for describing the near floor 
behavior. For locations between y/H = 0.30 and y/H = 
0.70, three experimental measuring locations would 
suffice. 

The three-dimensional LBLR model evaluated appears 
to be a promising research tool for investigating the 
ventilation performance of livestock facilities. Research 
should be conducted to investigate the modeling 
characteristics of the inlet jet affected region. More work 
should be devoted to establishing a model that is 
specifically tailored to the slot-ventilated arrangements 
typical of livestock confinement facilities. 

Experimental efforts, although time-consuming, are 
needed to provide sufficient grid refinement near the jet-
affected region to enable other researchers to utilize the 
results for further model advancements. Continued efforts 
by independent researchers would assist in development of 
an experimental data base needed by model developers. 
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NOMENCLATURE 
A inlet slot area (m^) 
Ar̂ . inlet corrected Archimedes Number 

(dimensionless) 
[0.6 g A WH (W-HH) (TS - Ti)]/[Q2 (546 + T̂  
+ Ti)] 

g gravitational constant 
H height of chamber (= 0.64 m) 
J inlet jet momentum number (dimensionless) 

[QVi]/[gVo] 
L length of chamber (= 2.4 m) 
N sample points used to generate regression 

equations 
Pr Prandtl Number (dimensionless) 
Q chamber ventilation rate (m^/s) 
r^ coefficient of determination 
Ra^ Rayleigh Number based on chamber height 

(dimensionless) 
[g8(T3-Ti)H3]Pr/'u2 

T temperature (° C) 
V airspeed (m/s) 
Vo chamber volume (= 3.07 m^) 
W width of chamber (= 2.0 m) 
Xg floor impingement location measured from inlet 

end wall (m) 
X axial location from inlet (m) 
y vertical location from chamber floor (m) 
z transverse location from sidewall (m) 

GREEK SYMBOLS 
p normalized airspeed (dimensionless) 
0 normalized temperature (dimensionless) 
5 volumetric coefficient of expansion (Kr^) 
V kinematic viscosity (m^/s) 

SUBSCRIPTS 
i variable evaluated at the inlet 
m measured variable 
p predicted variable 
s variable evaluated at the heated surface (floor) 
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