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Abstract 
This paper presents a field study of the output flow of the XL-W Xlerator hand dryer in 

the second floor LaFortUne men' s bathroom. A pitot static tube and Portable SeLra Pressure 
Transducer measurement system to be used to measure the flow was calibrated using a wind 
tunnel and a Model 239 Setra pressure transducer. The calibration data also determined that 
hysteresis would not have a significant effec t on data measured by the pitat static measurement 
system. Also to minimize the error, the effect of yaw angle on this pitot static measurement 
system was analyzed for angles [rom 0 to 30 degrees and it was determined that yaw angle has 
little effect when the pitot probe was kept at angles of less than 5 degrees with the flow . 

Once the measurement system was calibrated and determined to be suitable for the field 
stud y, it was used to map the flow of the hand dryer output over a Canesian grid. A two 
dimensional numerical approximation was used over the Cartesian grid, and the volumetric flow 
rate was calculated to be 12.78 ± 0.10 ft3/min (95%). The volumerric Dow rate was then used to 
calculate the mass flow rate which was 0.026 ± 0.070 slug/min (95%). Using these values and 
the area of the flow, the mean velocity was calculated as 3,284 ± 3.6 ftlmin (95%). Then using a 
K-type Thermocouple measurement system, the temperature of the hand dryer flow was 
measured as 597 ± 13 DR (95%). The values of the mean velocity and the temperature of the 
hand dryer flow were compared to the manufacturer specifications and it was found that the 
measured mean velocity was 78.8% less than the listed theoretical velocity and Lhe measured 
temperature was 0.3% different than the listed temperature. These findings led to the conclusion 
that the hand dryer was running at a lower operational power settinO 
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1 Nomenclature 

English 
A Cross-sectional area (ft2) 
L Length (in) 
m Number of rowS of poinL<; in Cartesi,an grid 
m Mass flow rate (slug/min) 
n Number of columns of points in Cartesian grid 
p 
Q 

Pressure (Ib/ft') 
Volumetric flow rate (ft3/min) 

Re Reynolds number (Dimensionless) 
R Ideal Gas Constant ([t-Ib/slug-OR) 
S Rectangle 
T Temperature (OR) 
v Velocity (ft/min) • 

v Mean velocity (ft/min) 
x Horizontal Displacement (ft) 
y Vertical Displacement (ft) 

Greek 
/-I Dynamic viscosity (slug/ft-s) 
p Density (slug/ft' ) 
II Change in 

/
Subscripts 
char characteristic 
cr critical 
I index 

indexJ 
0 stagnation pOint 
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2 Introduction 

The purpose of this laboratory experiment was to measure the mean velocity, volumetric flow 
rate, and mass flow rate of the XL-W Xlerator hand dryer in the LaFortune second floor men 's 
bathroom and compare these parameters to th~ manufacturer specifications. As js well known, 
the idea of a hand dyer is to produce a healed flow of air over a persoo"s hands. The Xlerator 
manufacturer specification lists the air veloc ity produced by (he hand dryer to be 16,000 ftlmin at 
the outlet and 14,000 ftlmin at the hands[u. However, what are not well known are the actual 
parameters of the flow that the hand dryer outputs while in use. Thus, this field test was 
conducted in order to produce measured parameters of the flow generated by a hand dryer in use, 
which could be compared to the manufacturer's listed specifications. 

To measure parameters of a flow, it was first necessary to understand the 
characteristics of the flow being studied. One of the most important aspects of a fluid dynamics 
problem is dt.;(t.;rmi.oiug whether the flow is laminar or turbulent. In this respect, the Reynolds 
number is an importalJt characteri stic to understand. Fundamentally, the Reynolds number 
measures the ratio of inertial forces to viscous forces. but more importantly, the value of the 
critical Reynolds number determines the location of where a flow transitions from laminar to 
lwt>ulent. For this problem, we are interested in the air flow beneath the oudet of the hand dryer; 
therefore, the flow was considered a ' free stream flow.' ~r free stream flows. LIle critical 
Reynolds number is assumed (Q he approximately lOS 121. The distance at which the now 
becomes unstable is called the characterislic length and is calculated by manipulating the 
Reynolds number equation as seen in equation [1). 

( I ] 

In this equation. LcItM is the characteristic length. Reu is the critical Reynolds number, # is the 
dynamic viscosity of the flujd, v is the velocity of me flow, and p is me density of the fluid wbjch 
is a function of temperature and pressure. The density is calculated using a mod.ified form of the 
ideal gas law which is given in equation [2] where R is the ideal gas consta~. T is the 
temperature of the fluid, and pis lhe absolute pressure of the flow. r., A."r 

p=...L (2]
RT 

For the hand dryer free stream flow, the characteri stic length is the distance downstream 
of the outlet at which the flow becomes turbulent. The measurements of the flow were focused 
on the laminar region; therefore, the characteristic length was an important value to be 
determined. The rationale for taking measurements in the laminar region is that in the laminar 
region. a flow can be approx.imated as a steady streamline, which is important when measuring 
the velocity of a fl ow. 

HisloricalJy, pilot static probes have been a reliable instrument when it comes to 
measuring the velocity of a free stream flow . The theory behind the function of a pitot static 
probe is well understood. On a pitot static probe, there are two inlets. One inlet faces the free 
stream flow while the other inlet is perpendicular to the flow (Figure 1). By facing the free 
stream, the first inlet corresponds (Q the total pressure of the flow, while the second. 
perpendicular. inlet corresponds to the static pressure. A( the opposite end of the pitOl lube, a 
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separate port for each inlet js connected to a pressure transducer. The total pressure from the 
first inlet is fed to one plenum while the static pressure from the other is fed to a second plenum. 
The pressure difference between the two inlets causes the plenums to come closer together. A 
capacitive sensor between the two plenums converts this change in distance into a voltage output 
when coupled with a capacitance Wheatstone bridge. This voltage output can then be displayed 
and stored by a data acquisition system. ~t this pain[, this measurement system has ooly 
measured the difference between the static and the dynamic pressure!; . In order to obtain 
information about the velocity of the flow, the Bernoulli equation must be applied . 

.. 
~~ 

=~.... • 

Pltottube 

. 

-
PI p. 

total preSSdre ~cpressure 
. 

pressure 
transducer 

. ..FIgure 1. PItot Static Tube and Pressure Transducer . "'J 

The BemouUi equation represents an essential relationship between the pressure 
difference and velocity of a flow . To apply the Bemoulli equation, certain assumptions must be / 
made. The flow io question must be steady, incompressible, irrotational. frictionless, and aloug 
the same streamline. If all are true, the BernouUi equatio.o can be considered valid for the flow 
being studied. The BernouJJj equation is defined as, 

[3J 


where P I) is the total pressure, p is the static pressure, VI) is the velocity at the stagnation point. p is 
the density of the fluid, and v is the fluid flow veloci tyl3J. At the stagnation point, v" is equal to 
zero, therefore the Bernoulli equation reduces to 

j 
[4J 

where 6p is the difference between the total pressure and the static pressure (P,,-p) and p is the 
temperatu re de.pendent.density of the fluid. From [he pitot static tube, the difference between the 
static pressure and the dynamic pressure is known. Substituting this pressure difference into the 
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reduced Bernoulli equation yields the velocity of the free stream flow to which the pitot tube is 
subjected. 

However, the Bernoulli equation requires a temperature dependent fluid density. To 
measure the temperature of the flow, a thermocouple measurement system is used. A 
thermocouple measurement system consists of a thermocouple, a bridge/amplifier, and a data 
acqUiSItion system. The thermocouple ou~puts a voltage which can be convened into a 
temperature that can be used 10 determ.ine the density of the fluid . 

Once lhe velocity of the fluid is known. the volumetric and mass flow rates can be 
calcu.lated for the flow as a whole. The volumetric flow rate is defiDed as 

Q = i7A=JvdA, [5] , 


where Q is the volumetric flow rate, v is the mean velocity, v is the velocity. and A is the cross­
sectional area of the flow. Since the velocity is modeled as points of a Cartesian grid (See 
Appendix A Figure 1) the volum.etric flow rate definition must be modified. This results in 
equation [6], 

" Q= If vdydx , [6] 
" 

over the rcctangle S = {(x,y) : a ~ x ::: b, c ::: y ~ d} . To approximate this integral. a numerical 
scheme is applied. This numerical scheme approximates the integral by estimating the volume 
under the surface of the function. The Simpson's Rule was preferred over the Trapezoidal Rule 
since the order of error is much less. The Simpson's Rule, which requires an even number of /

1points, is given by equation [7] [4 , / 

" Jf(x ,y)dA = JJv(x,y)dydx , ., 
1 

= - dxdy[v(a,c) +v(a,d) + v(b,c) +v(b,d)
9 

(11 +1)/2 (11-1)12 

t4 I vIa, h i-I ) +2 I vIa, y,,l 
j-\ j - I 

( 11 +1)11. (11- 1)12 

t4 I v(b , y, j_l) +2 I v(b, y,,) 
, -I 1-1 

(11:1+1)12 ( m-I )/2 

t4 I V(X,,_p C) +2 I v(x" ,c) 
I-I I- I 

(M+I)1"2 ("'~Il 

t4 I v(x, ,_p d)+2 L v(x",d) 
/_1 i_I 

(11+1 )/2 (m.,. I)12 (11- 1)12 (",+1)1l 

+16 I ( I v(x,,_P YlJ_I)) +8 I ( I V(X'I_" Y' ,)) 
j-I I-I j -I I_I 

(n-un (m-I )I1 (11-1)12 (_ un 
+8 I ( I v(x", y,j_I)) + 4 I ( I v(x", y,,))], [7],_, 
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whl;J.'I..: r\x is the change in the horizontal direction,!1y is the change in the vertical direction, and 

x,~a+i& i~{O,l, ... ,m) 

y)~c +j!ly j~ {O, l, ... ,n). 

After the Simpson's Rule is applied, the volumetric flow rate is known. Next, to 
calculate the mass flow rate, m. equation [.8] is used, where p is the density of the fluid. v is the 
mean velocity, and A is the cross-sectional area of the flow. 

m ~ pyA ~ f f " pv(x, y)dxdy [8] 

" 
Due to the initial assumption of incompressibility. the mass flow rate cao be calculated assuming 
the density to be constant throughout the flow . Therefore the mass flow rate can be calculated by 
multiplying the density by the result of equation [7]. Nter the, volumetric flow rate and mass 
flow rate have been calculated, a relation between equation [5] and equation [6] can be 
formu lated and solved for the mean velocity as shown in equation [9]. 

"f vdA f f vex, y)dxdy / 
[9]v ~ - A- ~ ~(bL. (d'---c"-)' ' _-a"7)7"

3 Experimental Approach and Procedure 

3.1 Calibr ation Approach 

3.1.1 Pressure Transducer 
Before an accurate measurement could be obtained in the field, the Portable Setra pressure 
transducer (PT) used to convert the pitot tube pressure difference into VOltage was calibrated. 
The Serra PT was calibrated against a Model 239 Setra pressure transducer that was specifically 
designed for low pressure applications that require high accuracy~ A pilOt static tube was 
fixed in a low speed wind tunneL located in the Engineering Learning Center, with a pressure 
take-off "T" for static pressure and another for total pressure, One pair of pressure take-offs was 
connected to the Model 239 and the other pair "'as connected to the Portable Setra PT. The 
.Y1odel 239 Setra pressure transducer was linked directly to a computer and output a single ".,.x:f. 
pressure difference stored in Labview. The POllable Setta PT fed voltages).o a LabQuest data (J- - ­
acquisirion system (DAQ) which recorded 500 Hz for 2 seconds per run. V 

In order to obtain an accurate calibration, various scenarios were accounted for during the 
calibration procedure. The wind tunnel was run with no flow to acquire a zero voltage and 
pressure difference to correct for any noise. in the wind tunnel. The first data set was gathered 
for velocities ranging from 10% to 100% and back to 10% power using increments of 10%, but 
were obtained through a Teaching Assistant OnJ ), the points of increasing power were used to 
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create the calibration curve. The relationship between pressure difference and voltage was 
assumed to be linear and the method of least squares fit was: used to create the calibration 
equatioo l71• The points decreasing from 100% power were collected to demonstrate the effects of 
hysteresis (See Appendix B: MATLAB code). The next four data sets were assembled from kit 
5 with the purpose of accounting for the effcc.:t of yaw angle. The four data sets were collected 
for ve locities ranging from 20% to IOO~ by ilJcrernems of 20% with the pilot tube at angles of 5, 
10, 15, and 30 degrees with the now (See Ap""ndix C: MA1LAB code). 

3.1.2 Thermocouple 
The thennocouplc measurement system used to measure the temperature of the flow was 
composed of a K-type the rmocouple. thermocouple module. and the LabQucsl DAQ[8] 191. 

Before the thcnnocouple was turned on, the LahQuest was zcro~d to el iminate an initial vohage 
reading. When the thermocouple was turned on, the voltage on the LabQucst DAQ was samph~d 
at 500 Hz for 2 seconds in the Learning Center. Then this voltage was compared to the room 
temperature obtained from a rhennometer and the y-intercept of the calibration curve was 
calculated using a given sensitivity (See Appendix. B: MATLAB code). 

3.2 Experimental Set Up 
The field experiment was conducted in the second floor LaFortune bathroom using the XL-W 
Xlerator after calibration data had heen acquired. Before the pitot tube measurement system was 
assembled, a temperature measurement wa !<. taken of the hand dryer flow. Using this 
temperature, the characteristic length was de.termined from equation [1]. Next. the pitot tube 
measurement system was assembled with a cart, a cardboard box, two rectangular recycling bin 
lids and a rulernc\'eJ onto which (he pilot lube was clamped (Figure 2). This assortment of items 
brought the heigh t of the pitol tube well within the characteristic length , but not inside lhe outlet. 
The ruler resting on the recycling bins created a stable shelf that kept the pitot rube level. To 
stabilize the pitot rube, the cart was attached to the sink with Scotch pncking tape. At both ends 
of the rectangular recycling bin. a paper ruler with a 1116 inch scale was taped down and lined up 
to ensure that the ru1erllcvcl stayed perpendicular to the wall. These rulers al so accounted for 
changes in the x direction. A paper ruler with a 1116 inch scale was (aped to the rulerllevcl to 
quantify shi ft s of the pitot tube in the y directioll . In order {O maximi ze the number of poin(s, 
minimize the distance between points. and represent the entire cross-sectional f10\.... . an 8x8 grid 
was created that covered the entire back half of the hand dryer outlet tube (See Appendix A 
Figure 1). Symmetry was assumed across the center line aU owing the entire flow to be modeled. 
Since the size of the outlet was measured at 7/8 inch, the horizontal increment was 1/8 inch and 
the vertical increment was 1116 inch . The pilar tube was connected to the Portable Setra PT and, 
in tum. was connected to the LabQuest DAQ. For all 64 points. the flow was sampled al500 Hz 
for 3 seconds. To eliminate any effects of hysteresiS, the hand dryer was turned on for 5 seconds 
before any data was collected. 

j 
~I.' I­
(' .........1 
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3.3 Uncertainty 
There are many sources of uncertainty inherent of the testing process. Some of these errors are a 
result of systematic errors related (0 accuracy while others are random errors due to repeatability. 
Table 1 tists (he quantification of the error in each parameter and the origin of each error. All 
calculations of errOr in this study use a large scale approximation with 95% confidence. 

Table 1: Parameters for Which Uncertainty Was Calculated 

Parameter Units Measured or Calcufated 
Estimated Uncertainty 

(95% Confindence) 

Calibration Bounds V Calculated ±0.028 V 

Pressure Uncertain ty (xerrorl in H2O Measured ±0.0012 in H2O 

Vo ltage Uncertainty (yerror) V Measured ±0.20 V 

Hysteresis Uncertainty V Calculated ± 0.032 V 

Thermocouple Uncertainty ' R Measured ± 13"R 

Barometric Pressure Uncertainty Ib/lt' Measured ±0.71 Ib/ft' 

Density Uncertainty slug/ft' Calculated ± 4.6.10­ 5 slug/ft) 

Mean Voltage Uncertainty V Measured ± 0.20 V 

Mean Pressure Uncertainty Ib/ft ' Calculated ±0.14 Ib/ ft' 

Mean Velocity Uncertainty ft/ min Calculated ± 3.6 ft/min 

Increment Uncertainty It Measured ± 0.0026 It 

Volumetric Flow Rate Uncertainty It'/min Calculated ±0.10 ftl/min 

Mass Flow Rate Uncertainty slug/min Calculated 

Ca lculated 

± 0.070 slug/min 

±0.0017 in Characteristic length Uncertainty in / 
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In the calculation of the calibration uncertainty bounds, a precision interval is used with 
the standard error of fit. This standard error of fit is multiplied by a Student's t variable using 
95% confidcnce[IOJ. The horizontal error bars are a result of a large scale approximation of aD 
instrument error of 0. 14% of the full scale range and a resolution error of the Model 239 SeLra 
pressure transducc.-!61. The error in the volt{lge reading result in the vertical error bars of the 
calibration. A large scale approximation of the DAQ resolution error, instrument error, and the 
Portable Setra PT full scale range error of 1% combined in quadrature is taken(5)! 11). It is worth 
noting that the Portable Setra PT instrument error overshadows all other errors. Hysteresis 
introduces an elemental uncertainty in predicting the output of the calibration equation at a point 
in time because the current state of the fl ow cannot be known without information about the 
history of the flow leading up to that point. The hysteresis uncertainty in the calibration 
represents the largest difference between the calibration line and measured voltage. 

Density is calculated as a function of the barometric pressure and temperature of a fluid . 
A thennocouple measurement system was used to find the temperaturel12J. The instrument errors 
of the K-type thermocouple and thermocouple module were combined in quadrature with the 
resolu tion error and a type 2 uncertainty computed from tbe me~n temperarure sampled by the 
lhennocouplel8J 19J. The barometric pressure uncertainty only depends on the resolution of the 
barometer. The thermocouple and baromeuic uncertainties were used in the uncertainty 
formation of equation [2] to calculate the uncertainty in density. 

There was also an impact of uncertainty on the hand dryer measurements. The 
uncertainty of the mean voltages stored in the LabQuest DAQ were found by adding in 
quadrature the calibration voltage uncertainty to the type 2 uncertainty computed from the mean 
voltage sampled by the LabQuest DAQ. As with the calibration voltage uncertainty, the mean 
vo ltage uncertainty is dominated by the fuU scale range error of the Portable Setra pt5J . These 
voltage uncertainties were averaged and converted to a pressure uncertainty. Then another (ype 
2 uncertainty was computed to find the mean pressure uncertainty. This mean pressure 
uncertainty was applied to equation [9J along willl the density uncertainty and a mean velocity 
uncertainty was calculated. To be able to calculate the uncertainty in the volumetric and mass 
flow rate, flrst the increment uncertainty had to be ca1culated. The x and y incremenr 
uncertainties were found using the resolution error of Ihe ru ler. Tbe volumetric flow rate and 
mass flow rate errors were discovered using equations [5] and (8) for uncertainty. There was also 
an error due to the application of the Simpson' s Rule[4J . This CITor is 41h order and described as 
equaling the sum of the order of the x increment to the fourth power and the y increment to the 
foulth power. The characteri stic length uncertainty was calculated using equation (1). This 
uncertainty was important because a distance with in bounds of the characteristic length 
uncertainty could result in measurements taken in turbulent tlow. All g.rfcenainty calculations 
are located in A ppcndix D. / 

4 Results L 
4.1 Calibration Results and Initial Calculations ~-h""'" 
Usi ng the m~thod of least squares for the wind tu nnel data r increasing power only. a 
ca libration curve was determined with a sensitivity of 9.919 lin-H 20 and a coefficient of 
determination of 0.9989. The cak:u lation of the coefficient of determination can be found in 
Appendix E. The ca li bration curve along with the cd librauon data points for increasing power 
are plollcd logether in Figure 3. The data points for decreasing power are also plotted in Figure 
I in order to demonstrate the effecls o f hysteresi s. The calibration vo ltage uncertainlY and the 
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calibration pressure uncertainty, as seen 10 Tab le I , are shown in Figure 3 as venical and 
horizontal errOr bars. respecti vely. 
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Figure 3: Calibration Curve, Calibration Data Points, and Hysteresis 

Table 2 lists initial parameters found prior to the hand dryer measurements were 
completed. The Learning Center (LC) initial temperature and the barometric pressure were 
found from the thermometer and the barometer attached to the LC wind tunnel. From the in itial 
temperature, the thermocouple was calibrated and was used to measure the temperature of me 
hand dryer flow . When this flow was found , it was used in equation [21 along with the 
barometric pressure to calculate the density of tho flu id. The viscosity was also calculated to be 
4.222*10-7 Slllglft -S and was combined with density in equation [IJ to determine the actual 
characteristic length!!3). 
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Table 2- Initial Measured and Calculated Parameters . 
Parameter Value Units Measured or calculated 

Estimated Uncertainty 

(95% Confidence) 

lC In itial Temperature 532.5 'R Measured ± 0.09-R 

Barometric Pressure 29.52 in H. Measured ±O.7llb/It' 

Hand Dryer Ten1perature 597 ' R Measured ± 13 ' R 

Density 0.002 ,Iugfn' Calculated ± 4.6 . 10.5 slug/ft' 

Actual Characte ristic length 4.541 in Calculated ± 0.0017 in 

/ 


4.2 Vaw Angle 
The effect of yaw angle was studied using calibration data from kit 5. The voltage was sampled 
with the Setra PT for yaw angles of 0, 5, 10, 15, .nd 30 degrees. To show the yaw angle effect , 
the output voltage of me Setra PT for 100% wind tunnel power was plotted against yaw angle in 
Figure 4 (See Appendix C: MATLAB code). Table 3 compares the Setr. PT voltage at yaw 
angle against the Setra PT voltage at zero yaw angle. 

" 

" 

," 
I 
I 
!" 

" 

'~~----~----~------~.------~.----~.~----~.~----~-----<. 
T. ..... ~ 

Figure 4: Setra PT Voltage for lOO(o7c. Wind Tunnel Power vs Yaw Angle 

14 




Table 3: Percent Deviation of Setra PT Voltage Output for Yaw Angles 

Yaw Angle Percent 

(degrees) Deviation (%) 

5 2.79 

10 4.42 
15 . 4.87 

30 5.71 

4.3 Velocity Profile of Xlerator Outlet and Flow Rate Results 
Using the caJculated calibration curve, and the Bernoulli equation, the velocity of the flow at the 
hand dryer outlet was delennined for multiple poinfs on an 8x8 grid mapping half of the Xlerator 
outler. This calculated distribution was reflected across the center line at y :::: 'h inch (See 
Appendix B: MATLAS code). The resulting velocity profile of the Xlerator flow is shown in 
R~re5. • 

-. 

.....". 
Figure 5: Velocity Flow Field of Xlerator Outlet 

The volumetric flow rate of the hand dryer flow can be calculated using equation [5] 
(Table 4). Since a Cartesian coordinate grid was used to map the flow, the Simpson's Rule for 
integration (Equation [7]) was usc.:d to approximate the: volumetric flow. This method was also 
used 10 approximate the mass flow rate; equation [8]. The mean velocity was then calculated by 
divid ing the volumetric. flow rate approximation by the area of the grid. (Equation [9]). 
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Table 4: Flow Rale and Velocitv Re!<ulls / 
Parameter Value Units 

, 
Measured or calculated 

Estimated Uncertainty 
(95% Confidence) 

Volumetric Flow Rate 12.78 ~/m i ri Calculated + 0.10 ft3f min 

Mass Flow Rate 0.026 slug/min Calculated ± 0.070 slug/min 

Mean Ve locity 3,284 ft/min Calculated ± 3.6 ft/min 

4.4 Quantitative Comparison of Measured to Theoretical Data 
After obtaining parameters for the actual flow of {he Xlerator hand dryer, they were compared to 
the theoretjcal values and the manofacturer specifications. The Quantitative comparison of the 
actua l values to theoretic.al values is preseoted in Table 5. 

Table 5: Coropansoo 0 fMeasuredtoTheoreIicaIVaiues 

Parameter Units Percent Difference Actual Theoretical 

Characte ristic length in 4 .541 0.926 390.4% /
Mean Velocity it/min 3393 16000 78.8% 

Hand Dryer Flow Temp. 'R 597 595 0.3% 

5 Discussion 

5.1 Evaluation and Analysis 
In order to complete thi s field test. many assumptions had to be made. When !.be calibration 
curve was created. it was apparent that the range of 0/ calibration was not sufficient to cover the 
ra.nge of hand dryer voltages (Figure 3). Since 1f~ was the case. the calibration curve was 
extrapolated to cover Lbe values of the hand dryer. This assumption was practical because pitot 
static measurement systems are known to be linear over a large range of flows. The calibration 
curve coefficient of determination was calculated as 0.9989. Since this value is greater than 
0.90, the correlation of the calibration curve is significant and the fit is good. 

In figure 3, the effect of hysteresis on the calibration was compared to the actual values 
for the measurement system. It was found that the deceleration of the flow had liule effee,! on 
the data pOint and the largest uncertainty due to hysteresis was found to be only 0.0148 V. While 
obtaining hand dryer data, the flow pressure was only measured while the flow was at a steady 
stage; therefore, hysteresis was not a factor in the hand dryer measurements. 

In figure 4, me effect of yaw angle on the pitot static measurement system data was 
analyzed. From the graph, it can be seen that the voltage jncreases iojtja lly and then falls rapidly 
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as the yaw angle decreases. The effect of yaw angle on a pitot probe causes a larger pressure on 
the static pressure tap . This increase in pressure equalizes the displacement of the static pressure 
plenum and total pressure plenum causing the voltage to drop. This is why there should not be an 
increase in voltage. but th is vo ltage dro p can be altributed to the large amount of uncenainty in 
the measurements shown by me eITor bars in the figure. In table 3, the percent deviation of the 
yaw angle voltage reading compared to the in,ilial voltage reading were calculated. From (hese 
values, it can be shown that tbe percent deviation increases as the angle increases. 

Bernoulli 's equation requires a number of assumptions that must be satisfied for lhe 
equation to be applied to the hand dryer flow. To ensure that the flow was laminar, (he 
characteristic length o f the hand dryer was calculated according to equation [I] before the now 
was measured using the manufacnlrer's technical specifications (Table 2). Once th is theMe-tical 
characteristic length was found, the pitot tube was placed well within the laminar section to 
guarantee that the flow would he laminar, After the true velocity of the hand dryer was found, 
the characteristic length was recalculated to cOllfinn that the pitot tube was within the laminar / 
flow. Since the pitot tube measurements were indeed taken in the laminar flow region, thi s 
proves Ibat the Bernoulli equ~on assumption that the flow is along a streamline is valid, The 
assumption of inviscid flow caif'proven becau$e the Reynolds numher is hi!1h, This indicates that 
the inertial furces are much greater than the' vi scous forces proving that the vb;cosilY can be 
neglected altogether. Using thc calculated mean velocity listed in table 4, the Mach number was 
calculated lO be 0.05 (See Appendix F). 111is confinned (hat the flow was incompn::ssibJc 
because the Mach number value was tess than O.l Because all of these assumptions were 
verified. it can be concluded that Bernoull i· s equation can be applied to the hand dryer f]ow. 

Once Bernoulli 's equation, equation [4], was applied to the pressure d j~trjbution of lhe 
flow field , the vclocity a( each point was calculated. Figure 5, illust rates the vel{x:ity flow field 
of the XleralOr for the grid shown in Appendix A Figure l. By laking advantage of the 
symmetry of pipe flow, !.he velocity di stribution over the whole c ross sectional nrea could be 
modeled by reflecting the graph at y ;!n, Instead of the largest velocity appearing at the center 
of the outlct as cxpected, the largest velocity was measured near the wall. One possible 
expl:m ation is thaL the blower in the hand dryer may not introduce a symmetrical velocity 
distribution. Another explanation is that there may be a pipe element upstream of the outltt that 
is affecting the shape of the flow. The outlet of the hand dryer is at an angle compared to the 
underside of the hand dryer. So, unless iliat pip~ angle is constant from the blower to lhe exit, 
the velocity di:mibution may be affected by a bend in the pipe. if this is the case, (he calculated 
mean velocity, volumetric flow rate, and mass flow ratc will be underestimated (Table 4). 

Even though the mean vclocity may be underestimated, it is only lA of the manufacturer's 
specified ...·elacity. Although it may be convenient to assume that the hand dryer is /
underperforn:ting because of overuse or mechanical failure, it is more likely that the hand dryer 
was installed to perfonn at a lower speed. Xlerator production began in 2002 and has a full 
warranty for 5 years. Unless the 2nd floor LaFortune Xlerslor was installed before 2004. i( should 
be in full working order. The more likely explanat ion is thal the Xlerator was intended to 
produce a reduced velocity. This could be accomplished if either the Xlera(Qr was installed with 
a diffe rent blower operating mode or the voltage sent to the Xlerator is reduced. Even though 
reducing the voltage sent to the Xlerator is a possible explanation, a comparison of the measured 
flow temperature and {h~ technical specification's temperature four inches below the outlet 
proves that this explanation is invalid, When these two temperatures are compared in figure 5, 
they only differ by 0.3%. If the voltage of the Xlerator was reduced, this would also reduce the 
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5.2 Improvements 
If this experiment was repeated tbere are some improvements that can be made to the 
experimental approach. To reduce the uncertainty of the measurements, a more accurate 
portable pressu re transducer should be utilized. The instrument uncertainty should be less than 
0.1 % of the full scale range to sufficiently reduce the error. Also, the accuracy of the conversion 
from the pressure transducer to voltage shoul9 be increase by obtaining calibration data for the / 
full range of pressure di.fferences. This would eliminate the error associated with extrapolating 
the calibration curve. 

The experimental setup could be improved with a more accurate grid system and an 
improved grid. Instead of placing the pitot tube on cardboard and recycling bins and measuring 
the distance with paper rulers, a grid should be built as a stand with metal bars that have notches 
at each measuring point. Then the pitot tube will be locked into each position that will be 
accurately measured. The angle that the pitot tube makes with the outlet should also he 
measured using a protractors so that yaw angle does not effect the measurements. A new grid 
should be de.veloped that covers the entire cross-sectional area of the outlet so that the error 
associated with symmetry assumptions can be negated. Finally, the grid should be convened to a 
polar coordinate system originating at the center of the pipe. Tilo polar coordinate system would 
improve the repres.entation of the velocity flow field contour. 

6 Conclusions 

In conc.lusion, the flow analysis of the XL-W Xlerator hand dryer in the LaFortune second floor 
men' s bathroom determined the actual mean velocity of the output to be 3.284 ± 3.6 ft/min 
(95%) which was 78.8% less than the velocity l.isted in the manufacturer specifications. Possible 
reasons for this large of a discrepancy between the measured and theoretical velocity values are ' ­
overuse, mechanical failure, or a reduction of voltage, but the most feasible reajOn was ~ 
concluded to be that the hand dryer was running at a lower operationa.l power settingP"lbe hand 
dI)'cr flow temperature was measured to be 597 ± 13 OR (95%) y,l hich is only 0.3% different than 
the listed manufacturer specifications. This supports the conclusion that the hand dryer was 
operating at a lower operational power setting. The flow analysis also detennined that the actual 
volumetric flow rate was 12.78 ± 0.10 ft~/min (95%) and the actual mass flow rate to be 0.026 ± 
0.070 slug/min (95%). Analysis of the uncertainty of hysteresis found that hysteresis had no 
effect on the hand dryer measurements from the pitot static measurement system. An 
investigation into the effect of yaw angle on the pitot static measurement system concluded that 
as yaw a?gle increased, the pressure difference measured by the. pitot probe decr~ed. 

However, It waS found that yaw angles of less than 5 degrees produced Imle effect. r/' 
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