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Abstract

Residence time distributions (RTD) are measured for a both a baffled and unbaffled ~1.4 L laboratory reactor with several intern pipes and a Rushton turbine operating at different flow rates and impeller rpm’s.  The experimental results for the baffled tank are compared to computational fluid dynamics (cfd) predictions of the residence time distribution using k-( turbulence model in Fluent(.  All the qualitative aspects of the predicted RTD’s are similar to those measured experimentally. The mean residence times as well as the variances of the residence time are accurately predicted by cfd when the errors of both the experiments and the predictions are considered. 

Introduction

The continuous stirred tank is used ubiquitously in the chemical process industry for mixing, reactions and crystallizations.  The mixing in a continuous stirred tank is often not ideal.  The residence time distribution (RTD) is one of the ways to characterize the non-ideal mixing in the tank.  Comparison of the measured RTD with that of an ideal reactor allows the process engineer to diagnose the ills of the tank and mixer design.  The engineer can then use an appropriate mixing model for the tank in combination with the kinetics of the reaction to be performed in the tank to develop an appropriate model for the reactor
. 

This paper measures the RTD of a laboratory reactor both with and without baffles and makes comparisons of these measurements with predictions for the RTD using computational fluid dynamics (cfd) with a k-( turbulence model coupled with a dynamic two-species, fluid and tracer, mass balance operating with a step change of the concentration of tracer in the feed.

Experimental

The geometry of the ~1.4 L laboratory stirred tank reactor is shown in Figure 1.  It has four baffles of the conventional thickness in contact with the wall of the tank, a Rushton turbine and three internal pipes, two feed ports and a thermal well protruding into the reactor from its top.  One of the feed tubes dead ends at the approximate height of the impeller and the other is bent to feed directly below the impeller.  Also protruding ever so slightly into the top of the liquid are a pH probe, conductivity probe, thermocouple, potassium specific ion electrode and level indicator.  The flow of reactor output flows directly into a flow cell of a uV-Vis spectrometer operated at a fixed wavelength.  All of these instruments as well as the feed pump, product pump, the jacket feed temperature, thermal well temperature and the rpm and torque on the stirrer are connected to an OPTO-22 data acquisition and control system collecting data at time intervals of 1 s.  The reactor control system has the capability of controlling the feed source and reactor temperature to ±0.25 oC, the feed and product flow rate to ±0.5 ml/min, liquid level to ±3.9 mm and mixing speed to ±3 rpm.  

The ratio of liquid level to the tank diameter (L/D) of the vessel in Figure 1 is 1.27 that is within the general range of 1.0 to 1.5 for most industrial stirred tank precipitators
,
.  To reduce the energy input to the system while maintaining mixing uniformity, a standard baffle design
 was used consisting of four flat vertical plates, radially-directed (i.e., normal to the vessel wall), spaced at 90o around the vessel periphery running the length of the vessel’s straight side. Standard baffle widths are between 1/10 and 1/12 of the vessel diameter (T/10 or T/12), see Table 1 for details. The gaps with the vessel wall and base are left to allow the flow to clear the baffles. Recommended gaps are equal to 1/72 of the vessel diameter (T/72) between the baffles and the vessel wall, and 1/4 to one full baffle width between the bottom of the baffles and the vessel base. More of the detailed baffling information could be found in Kevin, et al.
.  Stirring was achieved by a six-bladed Rushton turbine. The dimensions of the turbine are also given in Table 1. 

Peristaltic pumps whose rpm is controlled by an Opto 22TM control system establish the feeding and removal of product solution from the tank. Flow rate was obtained by the careful and repeated calibration of the speed of pump and tube size to ensure the desired feed and withdrawal rates as well as a constant residence time. Also the Opto 22 computer measures the on-line sensor quantities; temperature, pH, absorbance and conductivity as well as potassium ion concentration.  All of these measurements were used to monitor the concentration of the tracer inside and exiting the reactor. The calibration for all of these systems is done before each run to assure measurement accuracy.

Measurement of the RTD

     The RTD is determined experimentally by injecting a 10 ml volume of inert multi-component chemical tracer, a hot solution of 0.1 gm/L methyl blue dye, 50 gm/L NaCl, 20 gm/L KCl and 3.6 gm/L HCl with water, into the tank at time zero.  In all experiments, the feed tube is the bent one that feeds just below the impeller. On-line analyzers detect each of the species in the tracer; blue dye with the aid of video camera
 and uv-vis spectrometer, temperature with a thermocouple, salt with conductivity, and 
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 concentration with pH meter were measured simultaneously with various conditions such as different flow rates and mixer rpm.  Great care was used in synchronizing the pulse input with the initiation of data accumulation for RTD analysis and to calibrate the pumps to assure that the reactor space-time [=Vtank/Q] was accurately measured. A listing of all the experimental conditions used to measure RTD’s is given in Table 2a, for the without baffle experiments and Table 2b for the with baffles experiments.  For all of these experiments data was taken at 1 s intervals.  Figure 2 and 3 illustrate good mixing at 300 rpm and bad mixing at 0 rpm for the tank without baffles as measured by conductivity, pH and temperature.  The uv-vis spectrometer data and K+ ion data is not shown in these figures, however, it is similar to that for the other curves presented in these figures.  All of these curves show a fast increase at an early time followed by an exponential decrease as expected for a continuous stirred tank.  The delay of the increase from time zero and the roughness of the increases clearly indicate parasitic mixing behavior as compared to the ideal mixing curve since it should increase abruptly in an instantaneous rise at time zero and decay exponentially with time thereafter.  The RTD is obtained from these data by normalization in the typical manner
.
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where C(t) represents the concentration (or temperature) trace, e.g. Figures 2 and 3. An example of the RTD is plotted in Figure 4.  Even for this good mixing case there are deviations from ideal mixing at short residence times where the initial rise is not immediate and is not a smooth curve.  This figure also contains a plot of the ideal RTD for the stirred tank for comparison purposes.  The mean residence time (
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) was calculated by integrating the RTD as follows
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The variance, or square of the standard deviation of the RTD is calculated using:
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The magnitude of this 2nd moment is an indication of the spread of the RTD.  In Figure 5 the mean resident time obtained from the experimental data is plotted as a function of mixer rpm for various feed flow rates for the tank without baffles.  Here we see that the mean residence time decreases with increasing rpm until a constant value is reached.  This constant value is approximately Vtank/Q, the space-time for the reactor, where Vtank is the reactor volume and Q is the volumetric flow rate. The error in the calculation of the mean residence time, tm, is ~8% of Vtank/Q for all experiments and was determined by experiments done in duplicate and some in triplicate. In Figure 6 the variance of the RTD divided by the space-time is plotted as a function of mixer rpm for various feed flow rates for the tank without baffles.   The error in the variance of the residence time divided by the mean residence time is ~12% at all rpm’s and is larger than that of the mean residence time because two integrals with their inherent errors are involved in the variance divided by mean residence time calculation.  For an ideal reactor the value of 
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should be 1.0, which is observed, within the experimental error, at higher impeller rpm’s.  With the Figure 5 and 6 one can see that mixer speed of 100 rpm was enough to approach perfect mixing for the unbaffled tank.  With baffles, the results are shown in Figure 7 and 8.  With baffles, the results are similar to those without baffles, however, the approach to ideal reactor behavior takes place at ~60 rpm as measured by 
[image: image7.wmf]m

t

s

, which is lower than the tank without baffles.

Cfd Predictions

A model of the stirred tank shown in Figure 1 was constructed in Fluent’s grid generation algorithm GAMBIT using a rotating mesh in the region of the impeller and a fixed mesh elsewhere.  The mesh generated contains 626,512 elements.   This grid was then loaded into Fluent™ 6.1 for resolution of the fluid flow within the tank.  The k-( turbulent model was chosen to predict the flow profile with flow at the inlet at the feed flow rate of several of our experiments using a velocity input boundary condition that corresponds to plug flow.  The tank output was given a pressure outlet boundary condition. The walls of the tank, baffles and the other tank internals were assigned standard wall function boundary conditions, the top surface was assigned a symmetry boundary condition, the surface of the moving zone was assigned an interface boundary condition and the surface of the impeller was assigned a rotating wall boundary condition.  The model was allowed to run until all the dimensionless residuals reached a value of 10-4.  This level of convergence took ~1,100 iterations.   The resulting velocity profile is given in Figure 9 and shows that the steady state solution contains the two major circulation cells one above and one below the impeller.  Path lines associated with the flow suggest that the overall flow pattern is that of a helical flow around the surface two torous one above and the other below the impeller.  This overall flow pattern is interrupted by the flow around and behind the baffles.  The flow behind the baffles plays an important role in passing fluid from the top circulation cell to the bottom circulation cell as there is a minor circulation cell of cylindrical form behind each baffle in which the material can enter from the top circulation cell and exit into the bottom circulation cell or vice versa.  There is also some mixing of material between the two circulation cells at the plane of the impeller as the flow moves radially out some of the fluid is exchanged from the upper circulation cell to the lower circulation cell and vice versa.  This later mechanism operates in the tanks both with and without baffles.

The behavior of the tracer is modeled by fixing the fluid flow field and adding a user defined scalar to model the concentration of tracer with a diffusion coefficient of 10-5 cm2/s.  No source term was used for the user-defined scalar.  The boundary conditions for the tracer consist of a feed of concentration 1.0 and an output of whatever concentration is at the outlet tube located at the top of the tank.  All the tank internals use a zero flux boundary condition. The initial condition for this unsteady simulation was to fill the tank with zero concentration of tracer and feed the tank with a solution with a concentration of 1.0 from the feed tube located just below the impeller.  The simulation was allowed to proceed using time steps of 20 s. The convective flux of the tracer at outlet is collected from this simulation and plotted against time as shown in Figure 10 where runs for several rpm values at a flow rate of 40 ml/min are plotted.  Here we see that initially the concentration of tracer is zero and increases with time until the tracer concentration approaches that of the feed, a value of 1.0.  This type of plot is characteristic of the response of a stirred tank reactor to a step input.  The residence time distribution is obtained from this plot of tracer concentration by differentiating the curve with respect to time, i.e.
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The RTD determined in is way is normalized since the feed tracer concentration was 1.0.   This is a different way to determine the RTD than that used in the experiments.  In attempting to use a tracer method in the simulations the concentrations were very small and round off errors were sufficiently large to invalidate a mass balance.  For this reason, the step method of determining the RTD is used in these simulations.

A comparison of the Fluent predicted RTD and that measured experimentally is shown in Figure 11 a-c for different impeller rpm values for 40 ml/min flow rate with the baffled tank.  The predictions show similar trends in that there is a delay before the RTD increases after time zero and there is an initial roughness in the curve.  The RTD then decreases exponentially with time.  The prediction typically over predicts in the initial spike or two in the initial 10’s of seconds, the experimental data and the perfectly mixed theoretical curve.

The predictions for various flow rates and impeller rpm values are analyzed for the mean residence time and the variance of the RTD.  These results are also plotted in Figures 7 and 8 for comparison with the experiment data – please see filled data points.  The error bars associated with the theoretical points were determined by running another simulation of the concentration breakthrough but with time steps of 10 s.  The predictions show good agreement with the experimental data for all flow rates and rpm values except zero rpm.  The error between the experimental results and predictions is well within the error bars of the two methods of determining the mean residence time, tm, and the variance (sigma) of the RTD.  As a result, the Fluent predictions of the RTD for a stirred tank reactor with a complex internal geometry operating in turbulent flow has been shown to give an adequate approximation of experimental measurements when the stirrer is operating.  When the stirrer is operating the fluid flow profile is caused by the impeller as shown in Figure 9.  Without the stirrer operating the fluid flow is driven by the jet of fluid entering the vessel from the feed tube, i.e. the curved tube that ends just below the impeller, that provides a complicated fluid flow profile with a single circulation cell.  The fluid flow profile will depend upon the location of the vanes of the stopped impeller relative to the other tubes inside the tank and this location may change until the flow becomes stabilized.  The location of the impeller vanes with respect to the feed tube was not noted in the experiments and could not be used for a fixed solid boundary condition in the cfd prediction.  As a result the Fluent cfd prediction is inaccurate when the impeller is not rotating.

Conclusions

The mean and variance of the residence time distribution for a stirred tank deviate from ideal values at low impeller rpms.  As the impeller rpm is increased, the mean and variance of the residence time distribution approaches the ideal values.  For the unbaffled tank ideal behavior is observed at ~100 rpm and above while for the baffled tank ideal behavior is observed at ~60 rpm and above using a Rushton turbine impeller.  Predictions of the RTD and its mean and variance using cfd with a k-( model of turbulence show good agreement with experiment.
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Nomenclature

C(t)
Concentration as a function of time

E(t)
Residence time distribution function

t 
time

Vtank
Volume of the reactor

Q
Flow rate into and out of the reactor
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Tables and Figures

Table 1. Dimension of Baffles and Rushton Impeller

	
	Description
	Dimension (mm)

	Baffle
	Baffle Width
	9.5

	
	Baffle Thickness
	2.5

	
	Gap between Wall and Baffle
	1.6

	
	Gap between Vessel Base and Baffle
	2.4

	Impeller
	Blade Height
	11.5

	
	Blade width
	11.5

	
	Blade Thickness
	1.5


Table 2a Experimental Conditions for RTD Measurements without Baffles

	Flow rate

(ml/min)
	Mixer

rpm
	Mean Resident Time

tm (min)
	σ/tm
	V (ml)
	V/Q

	110


	0
	18.898
	0.636
	1290
	12.73

	
	10.2
	15.941
	0.665
	1290
	12.73

	
	30
	12.275
	0.964
	1290
	12.73

	
	49.7
	11.749
	0.978
	1290
	12.73

	
	69.5
	11.658
	1.011
	1290
	12.73

	
	90.6
	11.607
	1.021
	1292
	12.73

	
	190
	11.646
	1.003
	1294
	12.73

	
	286.7
	11.757
	1.026
	1298
	12.73

	225


	0
	8.086
	0.746
	1290
	6.22

	
	9.8
	7.259
	0.819
	1290
	6.22

	
	29.7
	6.263
	0.915
	1290
	6.22

	
	50.2
	5.933
	0.965
	1290
	6.22

	
	70
	5.96
	0.988
	1290
	6.22

	
	91.6
	5.672
	1.011
	1292
	6.22

	
	190.6
	5.781
	1.015
	1294
	6.22

	
	288
	6.104
	1.007
	1298
	6.22

	295


	0
	5.322
	0.863
	1290
	4.75

	
	11
	4.704
	0.939
	1290
	4.75

	
	30.2
	4.242
	1.017
	1290
	4.75

	
	50.5
	4.414
	0.974
	1290
	4.75

	
	69.9
	4.417
	1.016
	1290
	4.75

	
	90
	4.316
	1.047
	1292
	4.75

	
	188.5
	4.27
	1.024
	1294
	4.75

	
	290
	4.417
	1.041
	1298
	4.75

	400


	0
	4.147
	0.866
	1290
	3.50

	
	10.5
	3.777
	0.890
	1290
	3.50

	
	30.5
	2.964
	0.920
	1290
	3.50

	
	51
	3.211
	1.009
	1290
	3.50

	
	70.7
	3.24
	0.978
	1290
	3.50

	
	89.8
	3.192
	1.004
	1292
	3.50

	
	190
	3.167
	1.043
	1294
	3.50

	
	287
	3.383
	1.060
	1298
	3.50

	530


	0
	3.528
	0.743
	1290
	2.64

	
	9.7
	3.277
	0.746
	1290
	2.64

	
	30
	2.665
	0.879
	1290
	2.64

	
	50
	2.721
	0.899
	1290
	2.64

	
	70
	2.53
	0.883
	1290
	2.64

	
	90
	2.427
	0.981
	1292
	2.64

	
	189.5
	2.393
	1.043
	1294
	2.64

	
	288
	2.445
	1.061
	1298
	2.64


Table 2b Experimental Condition for RTD with Baffles

	Flow rate

(ml/min)
	Mixer

rpm
	Mean Resident Time

tm (min)
	σ/tm
	V (ml)
	V/Q

	20


	0
	92.064
	0.848
	1400
	70

	
	9.7
	87.915
	0.867
	1400
	70

	
	29.6
	77.882
	0.945
	1400
	70

	
	49.1
	77.515
	0.923
	1400
	70

	
	70
	72.997
	0.983
	1400
	70

	
	88.1
	73.005
	1.007
	1400
	70

	
	188
	73.632
	0.989
	1400
	70

	
	284.7
	73.595
	0.989
	1400
	70

	40


	0
	44.241
	0.786
	1400
	35

	
	11.5
	41.429
	0.919
	1400
	35

	
	31.5
	38.922
	0.945
	1400
	35

	
	50.9
	36.9
	0.968
	1400
	35

	
	69.9
	37.709
	0.969
	1400
	35

	
	91.6
	35.787
	0.999
	1400
	35

	
	190
	35.396
	0.992
	1400
	35

	
	286
	36.674
	1.005
	1400
	35
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[image: image9.emf]Figure 1. Reactor Geometry
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Figure 2. Concentration profile measured with conductivity, hydrogen ion concentration and temperature for the operating conditions of flow rate (110 ml/min) and mixer speed (0 rpm) and the tank is without baffles.
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Figure 3.  Concentration profile measured with conductivity, hydrogen ion concentration and temperature for the operating conditions of Flow Rate (110 ml/min) and mixer speed (287 rpm) for a tank without baffles.

Figure 4. RTD measured with the H+ concentration for the operating conditions of Flow Rate (110 ml/min) and mixer speed (287 rpm) for a tank without baffles.
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Figure 5. Mean residence time versus mixer rpm at different flow rates for 1.3 L laboratory reactor without baffles.


Figure 6. Comparison of σ/tm with different flow rate & mixer rpm for 1.3 L stirred tank without baffles.
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Figure 7. Mean residence time versus mixer speed at various flow rates for a 1.4 L laboratory reactor with baffles.
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Figure 8. Standard deviation of the RTD versus mixer speed for a 1.4 L laboratory reactor with baffles.
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Figure 9.  Velocity Vector Profile for turbulent flow in the 1.4 L laboratory reactor operating at 40 ml/min feed flow rate and a mixer speed of 80 rpm.
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Figure 10 Output concentration as a function of time for the Fluent prediction of the residence time distribution for various mixer speeds (i.e., 0, 20, 40, 80 and 200 rpm) and a feed flow rate of 40 ml/min.
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11a.) 0 rpm
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11b.) 20 rpm
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11c.) 200 rpm

Figure 11 a-c. Comparison of experimental result of residence-time distribution function,
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 for a perfectly mixed CSTR.  A) 0 rpm, 40 ml/min flow rate, b) 20 rpm, 40 ml/min and c) 200 rpm, 40 ml/min.  The red line indicates the Fluent simulation, the magenta dot-dash line indicates the perfectly mixed CSTR and the green line indicates the conductivity data and the blue dotted line indicates the H+ concentration obtained from the pH data.
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With Baffles

		RTD Experimental Schedule for Summer 2003																																																						By Byung Sang Choi

								Condition																										Results

																										pH								pH after smoothening								Conductivity								Conductivity after smoothening

		Date				Residence Time(min)				Flow Rate (ml/min)		Mixing Power Set_point		Reactor Volume		Mixer (rpm)		Measured Q (ml/min)		V/Q								Steady State								Steady State								Steady State								Steady State				Remarks

				Room		89.7435897436		53846.1538461538		15.6		0		1400						0

				Room		89.7435897436		53846.1538461538		15.6		20		1400						0

				Room		89.7435897436		53846.1538461538		15.6		40		1400						0

				Room		89.7435897436		53846.1538461538		15.6		60		1400						0

				Room		89.7435897436		53846.1538461538		15.6		80		1400						0

				Room		89.7435897436		53846.1538461538		15.6		100		1400						0

				Room		89.7435897436		53846.1538461538		15.6		200		1400						0

		08/24/03		Room		89.7435897436		53846.1538461538		15.6		300		1400		285.5				0		223.733				0.952		98.189

		08/21/03		Room		59.8290598291		35897.4358974359		23.4		0		1400		0		20		70		92.064		1.3152		0.848		99.849		15.2068126521		92.055		0.849		99.85		15.2082993862		119.755		0.832		99.323		11.690534842		119.799		0.834		99.322		11.6862411205		L shape Feed Point, Baffles

		08/20/03		Room		59.8290598291		35897.4358974359		23.4		20		1400		9.7		20		70		87.915		1.2559285714		0.867		99.889		15.9244725018		87.913		0.867		99.889		15.9248347798		113.82		0.854		99.479		12.3001230012		113.781		0.855		99.479		12.3043390373		Since 07/01/2003, Out-let is controlled by Level Indicator:lower clamp=7, upper clamp=11

		08/20/03		Room		59.8290598291		35897.4358974359		23.4		40		1400		29.6		20		70		77.882		1.1126		0.945		99.954		17.9759122775		77.885		0.944		99.954		17.9752198755		97.834		0.986		99.779		14.3099535949		97.754		0.985		99.78		14.3216645866

		08/19/03		Room		59.8290598291		35897.4358974359		23.4		60		1400		49.1		20		70		77.515		1.1073571429		0.923		99.956		18.0610204477		77.498		0.923		99.956		18.0649823221		92.166		1.014		99.848		15.189983291		91.925		1.011		99.851		15.2298069078		New pH probe

		09/14/03		Room		59.8290598291		35897.4358974359		23.4		80		1400		70		20		70		72.997		1.0428142857		0.983		99.972		19.1788703645		72.985		0.983		99.972		19.1820237035		79.687		1.013		99.945		17.5687376862		79.673		1.013		99.945		17.571824834

		08/14/03		Room		59.8290598291		35897.4358974359		23.4		100		1400		88.1		20		70		73.005		1.0429285714		1.007		99.972		19.1767687145		73.006		1.007		99.972		19.1765060406		95.406		0.938		99.811		14.6741295097		95.324		0.937		99.812		14.6867525492

		09/15/03		Room		59.8290598291		35897.4358974359		23.4		200		1400		188		20		70		73.632		1.0518857143		0.989		99.97		19.0134724033		73.61		0.989		99.97		19.0191550061		80.011		1.002		99.943		17.4975940808		79.916		1.001		99.944		17.518394314

		08/10/03		Room		59.8290598291		35897.4358974359		23.4		300		1400		284.7		20		70		73.595		1.0513571429		0.989		99.971		19.0230314559		73.546		0.989		99.971		19.0357055448		92.831		1.017		99.841		15.081169006		92.507		1.014		99.845		15.1339898602

		04/10/03		Room		46.6666666667		28000		30		0		1400		0				0

		04/11/03		Room		46.6666666667		28000		30		0		1400		N/A				0																																				Not enough data point

		04/11/03		Room		46.6666666667		28000		30		0		1400		N/A				0																																				Not enough data point

		04/08/03		Room		46.6666666667		28000		30		20		1400		N/A				0																																				Not enough data point

		04/09/03		Room		46.6666666667		28000		30		20		1400		N/A				0																																				Not enough data point

		04/10/03		Room		46.6666666667		28000		30		20		1400		N/A				0																																				Not enough data point

		03/31/03		Room		46.6666666667		28000		30		40		1400		32.5				0

		04/01/03		Room		46.6666666667		28000		30		40		1400		N/A				0																																				Not enough data point

		04/02/03		Room		46.6666666667		28000		30		40		1400		32.4				0

		03/26/03		Room		46.6666666667		28000		30		60		1400		N/A				0																																				Not enough data point

		03/27/03		Room		46.6666666667		28000		30		60		1400		52.4				0

		03/27/03		Room		46.6666666667		28000		30		60		1400		N/A				0																																				Not enough data point

		03/19/03		Room		46.6666666667		28000		30		80		1400		N/A				0																																				Not enough data point

		03/20/03		Room		46.6666666667		28000		30		80		1400		N/A				0																																				Not enough data point

		03/25/03		Room		46.6666666667		28000		30		80		1400		N/A				0																																				Not enough data point

		03/14/03		Room		46.6666666667		28000		30		100		1400		N/A				0																																				Not enough data point

		03/17/03		Room		46.6666666667		28000		30		100		1400		N/A				0																																				Not enough data point

		03/18/03		Room		46.6666666667		28000		30		100		1400		N/A				0																																				Not enough data point

		03/13/03		Room		46.6666666667		28000		30		200		1400		N/A				0																																				Not enough data point

		03/13/03		Room		46.6666666667		28000		30		200		1400		N/A				0																																				Not enough data point

		03/14/03		Room		46.6666666667		28000		30		200		1400		N/A				0																																				Not enough data point

		03/10/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		03/12/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		03/12/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		03/28/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		08/02/03		Room		31.1111111111		18666.6666666667		45		0		1400		0		40		35		44.241		1.2640285714		0.786		99.912		31.6448543207		44.223		0.785		99.912		31.657734663		53.92		0.875		99.688		25.9643916914		53.926		0.875		99.688		25.9615028001

		08/04/03		Room		31.1111111111		18666.6666666667		45		20		1400		11.5		40		35		41.429		1.1836857143		0.919		99.945		33.7927538681		41.416		0.918		99.945		33.8033610199		48.267		0.89		99.841		29.0053245489		48.324		0.892		99.84		28.9711116629

		08/02/03		Room		31.1111111111		18666.6666666667		45		40		1400		31.5		40		35		38.922		1.1120571429		0.945		99.966		35.9693746467		38.917		0.945		99.966		35.9739959401		46.458		0.953		99.877		30.1347453614		46.495		0.954		99.876		30.1107645983

		08/01/03		Room		31.1111111111		18666.6666666667		45		60		1400		50.9		40		35		36.9		1.0542857143		0.968		99.978		37.9403794038		36.903		0.968		99.978		37.9372950709		47.438		0.96		99.858		29.5122054049		47.449		0.961		99.858		29.5053636536

		09/18/03		Room		31.1111111111		18666.6666666667		45		80		1400		69.9		40		35		37.709		1.0774		0.969		99.974		37.1264154446		37.701		0.969		99.974		37.1342935201		45.345		1.022		99.895		30.8744073216		45.384		1.023		99.895		30.8478759034

		07/30/03		Room		31.1111111111		18666.6666666667		45		100		1400		91.6		40		35		35.787		1.0224857143		0.999		99.983		39.1203509654		35.798		0.999		99.983		39.1083300743		50.17		0.921		99.797		27.9051225832		50.161		0.921		99.798		27.9101293834

		07/28/03		Room		31.1111111111		18666.6666666667		45		200		1400		190		40		35		35.396		1.0113142857		0.992		99.985		39.552491807		35.371		0.992		99.985		39.5804472591								0								0

		07/27/03		Room		31.1111111111		18666.6666666667		45		300		1400		286		40		35		36.674		1.0478285714		1.005		99.979		38.1741833451		36.665		1.004		99.979		38.1835537979								0								0





Without Baffles

		RTD Experimental for 2002								Not enough Data		Blue: need to varify		Bad Data (unstable)																																														By Byung Sang Choi

								Condition																														Results

																												without base line correction		pH								pH after smoothing								Conductivity								Conductivity after smoothing

		Date				Residence Time(min)				Data point		Flow Rate (ml/min)		Mixing Power Set_point		Reactor Volume		Mixer (rpm)		Measured Q (ml/min)		V/Q (min)										Steady State								Steady State								Steady State								Steady State				Remarks

		08/26/02		Room		10.1621212837		6097.2727702415		21756		126.942		0		1290		0		110		11.7272727273		18.898		1.6114573643		0.6362468528		0.564		98.784		68.2611916605		18.908		0.563		98.781		68.225089909		19.654		0.535		98.559		65.635494047		19.658		0.536		98.558		65.6221385695

		08/26/02		Room		10.1621212837		6097.2727702415		20356		126.942		20		1290		10.2		110		11.7272727273		15.941		1.3593100775		0.665254547		0.606		99.463		80.9234050561		15.948		0.606		99.462		80.8878856283		16.028		0.556		99.448		80.4841527327		16.026		0.556		99.448		80.49419693

		08/26/02		Room		10.1621212837		6097.2727702415		20010		126.942		40		1290		30		110		11.7272727273		12.275		1.0467054264		0.9643082429		0.869		99.887		105.0916496945		12.28		0.869		99.887		105.0488599349		12.714		0.79		99.858		101.4629542237		12.719		0.79		99.857		101.4230678512

		08/27/02		Room		10.1621212837		6097.2727702415		20161		126.942		60		1290		49.7		110		11.7272727273		11.749		1.0018527132		0.9780742857		0.913		99.917		109.7965784322		11.752		0.913		99.917		109.768550034		12.239		0.847		99.89		105.4007680366		12.242		0.847		99.889		105.3749387355

		08/27/02		Room		10.1621212837		6097.2727702415		20585		126.942		80		1290		69.5		110		11.7272727273		11.658		0.9940930233		1.0107894108		0.925		99.921		110.6536284097		11.661		0.925		99.921		110.6251607924		11.996		0.872		99.904		107.5358452818		11.998		0.872		99.904		107.5179196533

		08/27/02		Room		10.1621212837		6097.2727702415		20554		126.942		100		1290		90.6		110		11.7272727273		11.607		0.989744186		1.0205570662		0.928		99.924		111.1398294133		11.611		0.927		99.924		111.1015416415		11.828		0.874		99.913		109.06323977		11.833		0.875		99.913		109.0171554128

		08/28/02		Room		10.1621212837		6097.2727702415		21275		126.942		200		1290		190		110		11.7272727273		11.646		0.9930697674		1.003316382		0.938		99.922		110.7676455435		11.646		0.937		99.922		110.7676455435		11.843		0.899		99.912		108.9251034366		11.841		0.898		99.912		108.9435013935

		08/28/02		Room		10.1621212837		6097.2727702415		19842		126.942		300		1290		286.7		110		11.7272727273		11.757		1.0025348837		1.0258469168		0.941		99.912		109.7218678234		11.759		0.941		99.912		109.7032060549		11.895		0.899		99.904		108.4489281211		11.895		0.899		99.904		108.4489281211

		08/21/02		Room		5.3073533586		3184.4120151897		15440		243.059		0		1290		0		225		5.7333333333		8.086		1.4103488372		0.7455317292		0.707		99.421		159.5349987633		8.095		0.706		99.418		159.3576281655		9.449		0.613		98.784		136.522383321		9.451		0.613		98.782		136.4934927521

		08/14/02		Room		5.3073533586		3184.4120151897		10907		243.059		20		1290		9.8		225		5.7333333333		7.259		1.2661046512		0.8186731094		0.704		99.678		177.7104284337		7.259		0.702		99.678		177.7104284337		7.19		0.574		99.696		179.4158553547		7.192		0.574		99.695		179.3659621802

		08/20/02		Room		5.3073533586		3184.4120151897		9852		243.059		40		1290		29.7		225		5.7333333333		6.263		1.0923837209		0.914997784		0.828		99.857		205.9715791154		6.267		0.828		99.857		205.8401148875		6.489		0.779		99.821		198.7979657883		6.489		0.777		99.821		198.7979657883

		08/20/02		Room		5.3073533586		3184.4120151897		9859		243.059		60		1290		50.2		225		5.7333333333		5.933		1.0348255814		0.964685333		0.865		99.901		217.4279453902		5.936		0.865		99.901		217.3180592992		6.172		0.797		99.871		209.0084251458		6.175		0.797		99.871		208.9068825911

		08/20/02		Room		5.3073533586		3184.4120151897		10103		243.059		80		1290		70		225		5.7333333333		5.96		1.0395348837		0.9879375021		0.891		99.908		216.4429530201		5.964		0.89		99.908		216.2977867203		6.141		0.825		99.887		210.0635075721		6.144		0.826		99.887		209.9609375

		08/20/02		Room		5.3073533586		3184.4120151897		10026		243.059		100		1290		91.6		225		5.7333333333		5.672		0.9893023256		1.0107032899		0.902		99.935		227.4330042313		5.676		0.902		99.935		227.2727272727		5.733		0.819		99.93		225.0130821559		5.734		0.82		99.93		224.9738402511

		08/20/02		Room		5.3073533586		3184.4120151897		10266		243.059		200		1290		190.6		225		5.7333333333		5.781		1.0083139535		1.0154767675		0.929		99.926		223.1447846393		5.786		0.928		99.925		222.95195299		5.799		0.864		99.924		222.4521469219		5.8		0.863		99.924		222.4137931034

		08/20/02		Room		5.3073533586		3184.4120151897		10481		243.059		300		1290		288		225		5.7333333333		6.104		1.0646511628		1.006555784		0.889		99.891		211.3368283093		6.106		0.889		99.891		211.2676056338		6.047		0.82		99.898		213.3289234331		6.049		0.82		99.898		213.2583898165

		08/21/02		Room		3.5915640008		2154.9384005012		8946		359.175		0		1290		0		295		4.3728813559		5.322		1.2170465116		0.8627498502		0.715		99.824		242.3900789177		5.326		0.715		99.823		242.2080360496		6		0.568		99.639		215		6		0.567		99.639		215

		08/21/02		Room		3.5915640008		2154.9384005012		8421		359.175		20		1290		11		295		4.3728813559		4.704		1.0757209302		0.939156399		0.79		99.923		274.2346938776		4.715		0.788		99.922		273.5949098621		4.962		0.634		99.889		259.9758162031		4.968		0.634		99.888		259.6618357488

		08/21/02		Room		3.5915640008		2154.9384005012		9293		359.175		40		1290		30.2		295		4.3728813559		4.242		0.9700697674		1.0168464155		0.814		99.965		304.1018387553		4.257		0.81		99.964		303.0303030303		4.418		0.606		99.952		291.9873245813		4.415		0.601		99.952		292.1857304643

		08/21/02		Room		3.5915640008		2154.9384005012		8435		359.175		60		1290		50.5		295		4.3728813559		4.414		1.0094031008		0.9740088184		0.835		99.952		292.251925691		4.415		0.834		99.952		292.1857304643		4.474		0.696		99.947		288.3325882879		4.478		0.699		99.947		288.0750334971

		08/22/02		Room		3.5915640008		2154.9384005012		8758		359.175		80		1290		69.9		295		4.3728813559		4.417		1.0100891473		1.0162456039		0.873		99.952		292.0534299298		4.425		0.871		99.951		291.5254237288		4.404		0.756		99.953		292.9155313351		4.407		0.757		99.953		292.7161334241

		08/22/02		Room		3.5915640008		2154.9384005012		8109		359.175		100		1290		90		295		4.3728813559		4.316		0.9869922481		1.0466019194		0.887		99.96		298.8878591288		4.322		0.886		99.959		298.4729291994		4.283		0.785		99.962		301.1907541443		4.288		0.786		99.962		300.8395522388

		08/22/02		Room		3.5915640008		2154.9384005012		8929		359.175		200		1290		188.5		295		4.3728813559		4.27		0.9764728682		1.02399973		0.924		99.963		302.1077283372		4.275		0.923		99.963		301.7543859649		4.168		0.801		99.97		309.5009596929		4.168		0.797		99.97		309.5009596929

		08/22/02		Room		3.5915640008		2154.9384005012		8163		359.175		300		1290		290		295		4.3728813559		4.417		1.0100891473		1.0414285145		0.905		99.952		292.0534299298		4.421		0.905		99.952		291.7891879665		4.289		0.787		99.962		300.7694101189		4.291		0.787		99.962		300.6292239571

		08/23/02		Room		2.7141210035		1628.4726021056		6567		475.292		0		1290		0		400		3.225		4.147		1.2858914729		0.8660064191		0.734		99.759		311.0682421027		4.149		0.733		99.758		310.9182935647		4.746		0.612		99.484		271.8078381795		4.752		0.61		99.481		271.4646464646

		08/23/02		Room		2.7141210035		1628.4726021056		6352		475.292		20		1290		10.5		400		3.225		3.777		1.1711627907		0.8896178825		0.746		99.866		341.5409054805		3.782		0.745		99.865		341.0893707033		4.214		0.577		99.734		306.1224489796		4.218		0.577		99.733		305.8321479374

		08/25/02		Room		2.7141210035		1628.4726021056		5932		475.292		40		1290		30.5		400		3.225		2.964		0.9190697674		0.9203759822		0.835		99.976		435.2226720648		2.957		0.837		99.976		436.2529590801		2.886		0.596		99.981		446.9854469854		2.889		0.586		99.981		446.5212876428

		08/23/02		Room		2.7141210035		1628.4726021056		5966		475.292		60		1290		51		400		3.225		3.211		0.9956589147		1.0085399288		0.822		99.956		401.7440049829		3.218		0.82		99.956		400.8701056557		3.304		0.664		99.946		390.4358353511		3.304		0.661		99.946		390.4358353511

		08/25/02		Room		2.7141210035		1628.4726021056		5886		475.292		80		1290		70.7		400		3.225		3.24		1.0046511628		0.978329816		0.843		99.948		398.1481481481		3.244		0.842		99.948		397.6572133169		3.182		0.691		99.955		405.4054054054		3.187		0.689		99.954		404.7693755883

		08/25/02		Room		2.7141210035		1628.4726021056		6522		475.292		100		1290		89.8		400		3.225		3.192		0.9897674419		1.0036449351		0.863		99.96		404.1353383459		3.201		0.86		99.959		402.9990627929		3.085		0.67		99.97		418.152350081		3.088		0.669		99.97		417.7461139896

		08/23/02		Room		2.7141210035		1628.4726021056		5885		475.292		200		1290		190		400		3.225		3.167		0.9820155039		1.0432828996		0.888		99.956		407.3255446795		3.173		0.887		99.956		406.5553104318		3.07		0.761		99.966		420.1954397394		3.075		0.762		99.966		419.512195122

		08/25/02		Room		2.7141210035		1628.4726021056		6049		475.292		300		1290		287		400		3.225		3.383		1.0489922481		1.059845955		0.9		99.938		381.3183564883		3.386		0.899		99.938		380.980507974		3.238		0.763		99.956		398.3940704138		3.24		0.762		99.955		398.1481481481

		08/16/02		Room		2.1812389776		1308.7433865341		4661		591.407		0		1290		0		530		2.4339622642		3.528		1.4494883721		0.7370922351		0.61		99.593		365.6462585034		3.531		0.61		99.59		365.3355989805		3.567		0.537		99.567		361.6484440706		3.568		0.537		99.566		361.5470852018

		08/16/02		Room		2.1812389776		1308.7433865341		4460		591.407		20		1290		9.7		530		2.4339622642		3.277		1.3463643411		0.8314124241		0.626		99.495		393.6527311565		3.282		0.625		99.49		393.0530164534		3.548		0.531		99.243		363.5851183765		3.553		0.529		99.239		363.0734590487

		08/16/02		Room		2.1812389776		1308.7433865341		4182		591.407		40		1290		30		530		2.4339622642		2.665		1.0949224806		0.8676008504		0.75		99.85		484.052532833		2.67		0.748		99.848		483.1460674157		2.732		0.622		99.824		472.1815519766		2.739		0.62		99.821		470.9748083242

		08/16/02		Room		2.1812389776		1308.7433865341		4178		591.407		60		1290		50		530		2.4339622642		2.721		1.1179302326		0.896862444		0.763		99.829		474.0904079383		2.726		0.762		99.827		473.2208363903		2.812		0.674		99.789		458.7482219061		2.814		0.674		99.788		458.4221748401

		08/19/02		Room		2.1812389776		1308.7433865341		4711		591.407		80		1290		70		530		2.4339622642		2.53		1.0394573643		0.9911137037		0.805		99.894		509.8814229249		2.536		0.804		99.892		508.6750788644		2.305		0.451		99.946		559.6529284165		2.307		0.449		99.945		559.1677503251

		08/19/02		Room		2.1812389776		1308.7433865341		4248		591.407		100		1290		90		530		2.4339622642		2.427		0.9971395349		0.9917477838		0.84		99.921		531.5203955501		2.434		0.838		99.919		529.9917830731		2.194		0.456		99.963		587.967183227		2.198		0.455		99.962		586.8971792539

		08/19/02		Room		2.1812389776		1308.7433865341		4606		591.407		200		1290		189.5		530		2.4339622642		2.393		0.9831705426		1.0492252688		0.885		99.928		539.0722941914		2.399		0.883		99.927		537.7240516882		2.101		0.478		99.974		613.9933365064		2.104		0.476		99.973		613.1178707224

		08/19/02		Room		2.1812389776		1308.7433865341		4831		591.407		300		1290		288		530		2.4339622642		2.445		1.0045348837		1.0692931006		0.885		99.916		527.6073619632		2.449		0.884		99.916		526.7456104532		2.158		0.539		99.968		597.7757182576		2.16		0.54		99.967		597.2222222222
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20 ml/min

40 ml/min

110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm (min)

92.064

44.241

18.898

8.086

5.322

4.147

3.528

87.915

41.429

15.941

7.259

4.704

3.777

3.277

77.882

38.922

12.275

6.263

4.242

2.964

2.665

77.515

36.9

11.749

5.933

4.414

3.211

2.721

72.997

37.709

11.658

5.96

4.417

3.24

2.53

73.005

35.787

11.607

5.672

4.316

3.192

2.427

73.632

35.396

11.646

5.781

4.27

3.167

2.393

73.595

36.674

11.757

6.104

4.417

3.383

2.445



		0		0		0		0		0		0		0

		9.7		11.5		20		20		20		20		20

		29.6		31.5		40		40		40		40		40

		49.1		50.9		60		60		60		60		60

		70		69.9		80		80		80		80		80

		88.1		91.6		100		100		100		100		100

		188		190		200		200		200		200		200

		284.7		286		300		300		300		300		300



20 ml/min

40 ml/min

110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Sigma/tm

0.848

0.786

0.564

0.707

0.715

0.734

0.61

0.867

0.919

0.606

0.704

0.79

0.746

0.626

0.945

0.945

0.869

0.828

0.814

0.835

0.75

0.923

0.968

0.913

0.865

0.835

0.822

0.763

0.983

0.969

0.925

0.891

0.873

0.843

0.805

1.007

0.999

0.928

0.902

0.887

0.863

0.84

0.989

0.992

0.938

0.929

0.924

0.888

0.885

0.989

1.005

0.941

0.889

0.905

0.9

0.885



		0		0		0		0		0		0		0

		9.7		11.5		20		20		20		20		20

		29.6		31.5		40		40		40		40		40

		49.1		50.9		60		60		60		60		60

		70		69.9		80		80		80		80		80

		88.1		91.6		100		100		100		100		100

		188		190		200		200		200		200		200

		284.7		286		300		300		300		300		300



20 ml/min

40 ml/min

110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Steady State

99.849

99.912

98.784

99.421

99.824

99.759

99.593

99.889

99.945

99.463

99.678

99.923

99.866

99.495

99.954

99.966

99.887

99.857

99.965

99.976

99.85

99.956

99.978

99.917

99.901

99.952

99.956

99.829

99.972

99.974

99.921

99.908

99.952

99.948

99.894

99.972

99.983

99.924

99.935

99.96

99.96

99.921

99.97

99.985

99.922

99.926

99.963

99.956

99.928

99.971

99.979

99.912

99.891

99.952

99.938

99.916



		0		0		0		0		0		0		0

		9.7		11.5		20		20		20		20		20

		29.6		31.5		40		40		40		40		40

		49.1		50.9		60		60		60		60		60

		70		69.9		80		80		80		80		80

		88.1		91.6		100		100		100		100		100

		188		190		200		200		200		200		200

		284.7		286		300		300		300		300		300



20 ml/min

40 ml/min

110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm /(V/Q)

1.3152

1.2640285714

1.6114573643

1.4103488372

1.2170465116

1.2858914729

1.4494883721

1.2559285714

1.1836857143

1.3593100775

1.2661046512

1.0757209302

1.1711627907

1.3463643411

1.1126

1.1120571429

1.0467054264

1.0923837209

0.9700697674

0.9190697674

1.0949224806

1.1073571429

1.0542857143

1.0018527132

1.0348255814

1.0094031008

0.9956589147

1.1179302326

1.0428142857

1.0774

0.9940930233

1.0395348837

1.0100891473

1.0046511628

1.0394573643

1.0429285714

1.0224857143

0.989744186

0.9893023256

0.9869922481

0.9897674419

0.9971395349

1.0518857143

1.0113142857

0.9930697674

1.0083139535

0.9764728682

0.9820155039

0.9831705426

1.0513571429

1.0478285714

1.0025348837

1.0646511628

1.0100891473

1.0489922481

1.0045348837



		Without Baffles																		With Baffles





		0		0		0		0		0		1		1		0.5		0.5		0.25		0.25		0.25		0.25		0.2		0.2

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm (min)

18.898

8.086

5.322

4.147

3.528

15.941

7.259

4.704

3.777

3.277

12.275

6.263

4.242

2.964

2.665

11.749

5.933

4.414

3.211

2.721

11.658

5.96

4.417

3.24

2.53

11.607

5.672

4.316

3.192

2.427

11.646

5.781

4.27

3.167

2.393

11.757

6.104

4.417

3.383

2.445



		0		0		0		0		0

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Sigma/tm

0.6362468528

0.7455317292

0.8627498502

0.8660064191

0.7370922351

0.665254547

0.8186731094

0.939156399

0.8896178825

0.8314124241

0.9643082429

0.914997784

1.0168464155

0.9203759822

0.8676008504

0.9780742857

0.964685333

0.9740088184

1.0085399288

0.896862444

1.0107894108

0.9879375021

1.0162456039

0.978329816

0.9911137037

1.0205570662

1.0107032899

1.0466019194

1.0036449351

0.9917477838

1.003316382

1.0154767675

1.02399973

1.0432828996

1.0492252688

1.0258469168

1.006555784

1.0414285145

1.059845955

1.0692931006



		0		0		0		0		0

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Steady State

98.784

99.421

99.824

99.759

99.593

99.463

99.678

99.923

99.866

99.495

99.887

99.857

99.965

99.976

99.85

99.917

99.901

99.952

99.956

99.829

99.921

99.908

99.952

99.948

99.894

99.924

99.935

99.96

99.96

99.921

99.922

99.926

99.963

99.956

99.928

99.912

99.891

99.952

99.938

99.916



		0		0		2.5		2.5		2.5		2.5

		9.7		11.5

		29.6		31.5

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

Mixer Speed (rpm)

tm (min)

92.064

44.241

87.915

41.429

77.882

38.922

77.515

36.9

72.997

37.709

73.005

35.787

73.632

35.396

73.595

36.674



		0		0										0		0

		9.7		11.5										20		20

		29.6		31.5										200		200

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

20 ml/min Fluent Simulation

40 ml/min Fluent Simulation

Mixer Speed (rpm)

Sigma/tm

0.848

0.786

1.1835

1.1974

0.867

0.919

0.9635

0.93348

0.945

0.945

0.9848

0.9859

0.923

0.968

0.983

0.969

1.007

0.999

0.989

0.992

0.989

1.005



		0		0

		9.7		11.5

		29.6		31.5

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

Mixer Speed (rpm)

Steady State

99.849

99.912

99.889

99.945

99.954

99.966

99.956

99.978

99.972

99.974

99.972

99.983

99.97

99.985

99.971

99.979



		0		0		0		0		0		0.1		0.1		0.1		0.1		0.05		0.05		0.1		0.1		0.1		0.1

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm /(V/Q)

1.6114573643

1.4103488372

1.2170465116

1.2858914729

1.4494883721

1.3593100775

1.2661046512

1.0757209302

1.1711627907

1.3463643411

1.0467054264

1.0923837209

0.9700697674

0.9190697674

1.0949224806

1.0018527132

1.0348255814

1.0094031008

0.9956589147

1.1179302326

0.9940930233

1.0395348837

1.0100891473

1.0046511628

1.0394573643

0.989744186

0.9893023256

0.9869922481

0.9897674419

0.9971395349

0.9930697674

1.0083139535

0.9764728682

0.9820155039

0.9831705426

1.0025348837

1.0646511628

1.0100891473

1.0489922481

1.0045348837



		0		0		0.05		0.05		0.05		0.05		0		0

		9.7		11.5										20		20

		29.6		31.5										200		200

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

20 ml/min Fluent Simulation

40 ml/min Fluent Simulation

Mixer Speed (rpm)

tm /(V/Q)

1.3152

1.2640285714

1.0981

0.9821

1.2559285714

1.1836857143

1.0126

1.02201

1.1126

1.1120571429

0.9943

0.999871

1.1073571429

1.0542857143

1.0428142857

1.0774

1.0429285714

1.0224857143

1.0518857143

1.0113142857

1.0513571429

1.0478285714



		tm/(V/Q)								sigma/tm

		rpm		20ml/min		40ml/min				rpm		20ml/min		40ml/min

		0		1.0981		0.9821				0		1.1835		1.1974

		20		1.0126		1.02201				20		0.9635		0.93348

		200		0.9943		0.999871				200		0.9848		0.9859				error:				% error		tmean10=		2172.445		sigma10=		2124.785

																		tm/VQ		0.0234081875		2.34%		tmean20		2223.298		sigma20		2186.8

		rpm		20ml/minExp		40ml/minExp				rpm		20ml/minExp		40ml/minExp				sigma/tm		0.1039934722		10.40%		error		50.853				62.015

		0		1.3152		1.264				0		0.848		0.786

		20		1.2559		1.1837				20		0.867		0.919

		200		1.0519		1.0113				200		0.989		0.992





		with base line correction																without base line correction

		Flow rate		Mixer		Mean Resident Time		σ/tm		V (ml)		V/Q						Flow rate		Mixer		Mean Resident Time		σ/tm		V (ml)		V/Q

		(ml/min)		rpm										Remarks				(ml/min)		rpm

		110		0		18.898		0.564		1290		12.73		No Baffles				110		0		18.898		0.636		1290		12.73

				10.2		15.941		0.606		1290		12.73								10.2		15.941		0.665		1290		12.73

				30		12.275		0.869		1290		12.73								30		12.275		0.964		1290		12.73

				49.7		11.749		0.913		1290		12.73								49.7		11.749		0.978		1290		12.73

				69.5		11.658		0.925		1290		12.73								69.5		11.658		1.011		1290		12.73

				90.6		11.607		0.928		1292		12.73								90.6		11.607		1.021		1292		12.73

				190		11.646		0.938		1294		12.73								190		11.646		1.003		1294		12.73

				286.7		11.757		0.941		1298		12.73								286.7		11.757		1.026		1298		12.73

		225		0		8.086		0.707		1290		6.22		No Baffles				225		0		8.086		0.746		1290		6.22

				9.8		7.259		0.704		1290		6.22								9.8		7.259		0.819		1290		6.22

				29.7		6.263		0.828		1290		6.22								29.7		6.263		0.915		1290		6.22

				50.2		5.933		0.865		1290		6.22								50.2		5.933		0.965		1290		6.22

				70		5.96		0.891		1290		6.22								70		5.96		0.988		1290		6.22

				91.6		5.672		0.902		1292		6.22								91.6		5.672		1.011		1292		6.22

				190.6		5.781		0.929		1294		6.22								190.6		5.781		1.015		1294		6.22

				288		6.104		0.889		1298		6.22								288		6.104		1.007		1298		6.22

		295		0		5.322		0.715		1290		4.75		No Baffles				295		0		5.322		0.863		1290		4.75

				11		4.704		0.79		1290		4.75								11		4.704		0.939		1290		4.75

				30.2		4.242		0.814		1290		4.75								30.2		4.242		1.017		1290		4.75

				50.5		4.414		0.835		1290		4.75								50.5		4.414		0.974		1290		4.75

				69.9		4.417		0.873		1290		4.75								69.9		4.417		1.016		1290		4.75

				90		4.316		0.887		1292		4.75								90		4.316		1.047		1292		4.75

				188.5		4.27		0.924		1294		4.75								188.5		4.27		1.024		1294		4.75

				290		4.417		0.905		1298		4.75								290		4.417		1.041		1298		4.75

		400		0		4.147		0.734		1290		3.50		No Baffles				400		0		4.147		0.866		1290		3.50

				10.5		3.777		0.746		1290		3.50								10.5		3.777		0.890		1290		3.50

				30.5		2.964		0.835		1290		3.50								30.5		2.964		0.920		1290		3.50

				51		3.211		0.822		1290		3.50								51		3.211		1.009		1290		3.50

				70.7		3.24		0.843		1290		3.50								70.7		3.24		0.978		1290		3.50

				89.8		3.192		0.863		1292		3.50								89.8		3.192		1.004		1292		3.50

				190		3.167		0.888		1294		3.50								190		3.167		1.043		1294		3.50

				287		3.383		0.9		1298		3.50								287		3.383		1.060		1298		3.50

		530		0		3.528		0.61		1290		2.64		No Baffles				530		0		3.528		0.743		1290		2.64

				9.7		3.277		0.626		1290		2.64								9.7		3.277		0.746		1290		2.64

				30		2.665		0.75		1290		2.64								30		2.665		0.879		1290		2.64

				50		2.721		0.763		1290		2.64								50		2.721		0.899		1290		2.64

				70		2.53		0.805		1290		2.64								70		2.53		0.883		1290		2.64

				90		2.427		0.84		1292		2.64								90		2.427		0.981		1292		2.64

				189.5		2.393		0.885		1294		2.64								189.5		2.393		1.043		1294		2.64

				288		2.445		0.885		1298		2.64								288		2.445		1.061		1298		2.64

		Flow rate		Mixer		Mean Resident Time		σ/tm		V (ml)		V/Q

		(ml/min)		rpm										Remarks

		20		0		92.064		0.848		1400		70

				9.7		87.915		0.867		1400		70

				29.6		77.882		0.945		1400		70

				49.1		77.515		0.923		1400		70		Baffles

				70		72.997		0.983		1400		70

				88.1		73.005		1.007		1400		70

				188		73.632		0.989		1400		70

				284.7		73.595		0.989		1400		70

		40		0		44.241		0.786		1400		35

				11.5		41.429		0.919		1400		35

				31.5		38.922		0.945		1400		35

				50.9		36.9		0.968		1400		35		Baffles

				69.9		37.709		0.969		1400		35

				91.6		35.787		0.999		1400		35

				190		35.396		0.992		1400		35

				286		36.674		1.005		1400		35
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With Baffles

		RTD Experimental Schedule for Summer 2003																																																						By Byung Sang Choi

								Condition																										Results

																										pH								pH after smoothening								Conductivity								Conductivity after smoothening

		Date				Residence Time(min)				Flow Rate (ml/min)		Mixing Power Set_point		Reactor Volume		Mixer (rpm)		Measured Q (ml/min)		V/Q								Steady State								Steady State								Steady State								Steady State				Remarks

				Room		89.7435897436		53846.1538461538		15.6		0		1400						0

				Room		89.7435897436		53846.1538461538		15.6		20		1400						0

				Room		89.7435897436		53846.1538461538		15.6		40		1400						0

				Room		89.7435897436		53846.1538461538		15.6		60		1400						0

				Room		89.7435897436		53846.1538461538		15.6		80		1400						0

				Room		89.7435897436		53846.1538461538		15.6		100		1400						0

				Room		89.7435897436		53846.1538461538		15.6		200		1400						0

		08/24/03		Room		89.7435897436		53846.1538461538		15.6		300		1400		285.5				0		223.733				0.952		98.189

		08/21/03		Room		59.8290598291		35897.4358974359		23.4		0		1400		0		20		70		92.064		1.3152		0.848		99.849		15.2068126521		92.055		0.849		99.85		15.2082993862		119.755		0.832		99.323		11.690534842		119.799		0.834		99.322		11.6862411205		L shape Feed Point, Baffles

		08/20/03		Room		59.8290598291		35897.4358974359		23.4		20		1400		9.7		20		70		87.915		1.2559285714		0.867		99.889		15.9244725018		87.913		0.867		99.889		15.9248347798		113.82		0.854		99.479		12.3001230012		113.781		0.855		99.479		12.3043390373		Since 07/01/2003, Out-let is controlled by Level Indicator:lower clamp=7, upper clamp=11

		08/20/03		Room		59.8290598291		35897.4358974359		23.4		40		1400		29.6		20		70		77.882		1.1126		0.945		99.954		17.9759122775		77.885		0.944		99.954		17.9752198755		97.834		0.986		99.779		14.3099535949		97.754		0.985		99.78		14.3216645866

		08/19/03		Room		59.8290598291		35897.4358974359		23.4		60		1400		49.1		20		70		77.515		1.1073571429		0.923		99.956		18.0610204477		77.498		0.923		99.956		18.0649823221		92.166		1.014		99.848		15.189983291		91.925		1.011		99.851		15.2298069078		New pH probe

		09/14/03		Room		59.8290598291		35897.4358974359		23.4		80		1400		70		20		70		72.997		1.0428142857		0.983		99.972		19.1788703645		72.985		0.983		99.972		19.1820237035		79.687		1.013		99.945		17.5687376862		79.673		1.013		99.945		17.571824834

		08/14/03		Room		59.8290598291		35897.4358974359		23.4		100		1400		88.1		20		70		73.005		1.0429285714		1.007		99.972		19.1767687145		73.006		1.007		99.972		19.1765060406		95.406		0.938		99.811		14.6741295097		95.324		0.937		99.812		14.6867525492

		09/15/03		Room		59.8290598291		35897.4358974359		23.4		200		1400		188		20		70		73.632		1.0518857143		0.989		99.97		19.0134724033		73.61		0.989		99.97		19.0191550061		80.011		1.002		99.943		17.4975940808		79.916		1.001		99.944		17.518394314

		08/10/03		Room		59.8290598291		35897.4358974359		23.4		300		1400		284.7		20		70		73.595		1.0513571429		0.989		99.971		19.0230314559		73.546		0.989		99.971		19.0357055448		92.831		1.017		99.841		15.081169006		92.507		1.014		99.845		15.1339898602

		04/10/03		Room		46.6666666667		28000		30		0		1400		0				0

		04/11/03		Room		46.6666666667		28000		30		0		1400		N/A				0																																				Not enough data point

		04/11/03		Room		46.6666666667		28000		30		0		1400		N/A				0																																				Not enough data point

		04/08/03		Room		46.6666666667		28000		30		20		1400		N/A				0																																				Not enough data point

		04/09/03		Room		46.6666666667		28000		30		20		1400		N/A				0																																				Not enough data point

		04/10/03		Room		46.6666666667		28000		30		20		1400		N/A				0																																				Not enough data point

		03/31/03		Room		46.6666666667		28000		30		40		1400		32.5				0

		04/01/03		Room		46.6666666667		28000		30		40		1400		N/A				0																																				Not enough data point

		04/02/03		Room		46.6666666667		28000		30		40		1400		32.4				0

		03/26/03		Room		46.6666666667		28000		30		60		1400		N/A				0																																				Not enough data point

		03/27/03		Room		46.6666666667		28000		30		60		1400		52.4				0

		03/27/03		Room		46.6666666667		28000		30		60		1400		N/A				0																																				Not enough data point

		03/19/03		Room		46.6666666667		28000		30		80		1400		N/A				0																																				Not enough data point

		03/20/03		Room		46.6666666667		28000		30		80		1400		N/A				0																																				Not enough data point

		03/25/03		Room		46.6666666667		28000		30		80		1400		N/A				0																																				Not enough data point

		03/14/03		Room		46.6666666667		28000		30		100		1400		N/A				0																																				Not enough data point

		03/17/03		Room		46.6666666667		28000		30		100		1400		N/A				0																																				Not enough data point

		03/18/03		Room		46.6666666667		28000		30		100		1400		N/A				0																																				Not enough data point

		03/13/03		Room		46.6666666667		28000		30		200		1400		N/A				0																																				Not enough data point

		03/13/03		Room		46.6666666667		28000		30		200		1400		N/A				0																																				Not enough data point

		03/14/03		Room		46.6666666667		28000		30		200		1400		N/A				0																																				Not enough data point

		03/10/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		03/12/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		03/12/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		03/28/03		Room		46.6666666667		28000		30		300		1400		N/A				0																																				Not enough data point

		08/02/03		Room		31.1111111111		18666.6666666667		45		0		1400		0		40		35		44.241		1.2640285714		0.786		99.912		31.6448543207		44.223		0.785		99.912		31.657734663		53.92		0.875		99.688		25.9643916914		53.926		0.875		99.688		25.9615028001

		08/04/03		Room		31.1111111111		18666.6666666667		45		20		1400		11.5		40		35		41.429		1.1836857143		0.919		99.945		33.7927538681		41.416		0.918		99.945		33.8033610199		48.267		0.89		99.841		29.0053245489		48.324		0.892		99.84		28.9711116629

		08/02/03		Room		31.1111111111		18666.6666666667		45		40		1400		31.5		40		35		38.922		1.1120571429		0.945		99.966		35.9693746467		38.917		0.945		99.966		35.9739959401		46.458		0.953		99.877		30.1347453614		46.495		0.954		99.876		30.1107645983

		08/01/03		Room		31.1111111111		18666.6666666667		45		60		1400		50.9		40		35		36.9		1.0542857143		0.968		99.978		37.9403794038		36.903		0.968		99.978		37.9372950709		47.438		0.96		99.858		29.5122054049		47.449		0.961		99.858		29.5053636536

		09/18/03		Room		31.1111111111		18666.6666666667		45		80		1400		69.9		40		35		37.709		1.0774		0.969		99.974		37.1264154446		37.701		0.969		99.974		37.1342935201		45.345		1.022		99.895		30.8744073216		45.384		1.023		99.895		30.8478759034

		07/30/03		Room		31.1111111111		18666.6666666667		45		100		1400		91.6		40		35		35.787		1.0224857143		0.999		99.983		39.1203509654		35.798		0.999		99.983		39.1083300743		50.17		0.921		99.797		27.9051225832		50.161		0.921		99.798		27.9101293834

		07/28/03		Room		31.1111111111		18666.6666666667		45		200		1400		190		40		35		35.396		1.0113142857		0.992		99.985		39.552491807		35.371		0.992		99.985		39.5804472591								0								0

		07/27/03		Room		31.1111111111		18666.6666666667		45		300		1400		286		40		35		36.674		1.0478285714		1.005		99.979		38.1741833451		36.665		1.004		99.979		38.1835537979								0								0





Without Baffles

		RTD Experimental for 2002								Not enough Data		Blue: need to varify		Bad Data (unstable)																																														By Byung Sang Choi

								Condition																														Results

																												without base line correction		pH								pH after smoothing								Conductivity								Conductivity after smoothing

		Date				Residence Time(min)				Data point		Flow Rate (ml/min)		Mixing Power Set_point		Reactor Volume		Mixer (rpm)		Measured Q (ml/min)		V/Q (min)										Steady State								Steady State								Steady State								Steady State				Remarks

		08/26/02		Room		10.1621212837		6097.2727702415		21756		126.942		0		1290		0		110		11.7272727273		18.898		1.6114573643		0.6362468528		0.564		98.784		68.2611916605		18.908		0.563		98.781		68.225089909		19.654		0.535		98.559		65.635494047		19.658		0.536		98.558		65.6221385695

		08/26/02		Room		10.1621212837		6097.2727702415		20356		126.942		20		1290		10.2		110		11.7272727273		15.941		1.3593100775		0.665254547		0.606		99.463		80.9234050561		15.948		0.606		99.462		80.8878856283		16.028		0.556		99.448		80.4841527327		16.026		0.556		99.448		80.49419693

		08/26/02		Room		10.1621212837		6097.2727702415		20010		126.942		40		1290		30		110		11.7272727273		12.275		1.0467054264		0.9643082429		0.869		99.887		105.0916496945		12.28		0.869		99.887		105.0488599349		12.714		0.79		99.858		101.4629542237		12.719		0.79		99.857		101.4230678512

		08/27/02		Room		10.1621212837		6097.2727702415		20161		126.942		60		1290		49.7		110		11.7272727273		11.749		1.0018527132		0.9780742857		0.913		99.917		109.7965784322		11.752		0.913		99.917		109.768550034		12.239		0.847		99.89		105.4007680366		12.242		0.847		99.889		105.3749387355

		08/27/02		Room		10.1621212837		6097.2727702415		20585		126.942		80		1290		69.5		110		11.7272727273		11.658		0.9940930233		1.0107894108		0.925		99.921		110.6536284097		11.661		0.925		99.921		110.6251607924		11.996		0.872		99.904		107.5358452818		11.998		0.872		99.904		107.5179196533

		08/27/02		Room		10.1621212837		6097.2727702415		20554		126.942		100		1290		90.6		110		11.7272727273		11.607		0.989744186		1.0205570662		0.928		99.924		111.1398294133		11.611		0.927		99.924		111.1015416415		11.828		0.874		99.913		109.06323977		11.833		0.875		99.913		109.0171554128

		08/28/02		Room		10.1621212837		6097.2727702415		21275		126.942		200		1290		190		110		11.7272727273		11.646		0.9930697674		1.003316382		0.938		99.922		110.7676455435		11.646		0.937		99.922		110.7676455435		11.843		0.899		99.912		108.9251034366		11.841		0.898		99.912		108.9435013935

		08/28/02		Room		10.1621212837		6097.2727702415		19842		126.942		300		1290		286.7		110		11.7272727273		11.757		1.0025348837		1.0258469168		0.941		99.912		109.7218678234		11.759		0.941		99.912		109.7032060549		11.895		0.899		99.904		108.4489281211		11.895		0.899		99.904		108.4489281211

		08/21/02		Room		5.3073533586		3184.4120151897		15440		243.059		0		1290		0		225		5.7333333333		8.086		1.4103488372		0.7455317292		0.707		99.421		159.5349987633		8.095		0.706		99.418		159.3576281655		9.449		0.613		98.784		136.522383321		9.451		0.613		98.782		136.4934927521

		08/14/02		Room		5.3073533586		3184.4120151897		10907		243.059		20		1290		9.8		225		5.7333333333		7.259		1.2661046512		0.8186731094		0.704		99.678		177.7104284337		7.259		0.702		99.678		177.7104284337		7.19		0.574		99.696		179.4158553547		7.192		0.574		99.695		179.3659621802

		08/20/02		Room		5.3073533586		3184.4120151897		9852		243.059		40		1290		29.7		225		5.7333333333		6.263		1.0923837209		0.914997784		0.828		99.857		205.9715791154		6.267		0.828		99.857		205.8401148875		6.489		0.779		99.821		198.7979657883		6.489		0.777		99.821		198.7979657883

		08/20/02		Room		5.3073533586		3184.4120151897		9859		243.059		60		1290		50.2		225		5.7333333333		5.933		1.0348255814		0.964685333		0.865		99.901		217.4279453902		5.936		0.865		99.901		217.3180592992		6.172		0.797		99.871		209.0084251458		6.175		0.797		99.871		208.9068825911

		08/20/02		Room		5.3073533586		3184.4120151897		10103		243.059		80		1290		70		225		5.7333333333		5.96		1.0395348837		0.9879375021		0.891		99.908		216.4429530201		5.964		0.89		99.908		216.2977867203		6.141		0.825		99.887		210.0635075721		6.144		0.826		99.887		209.9609375

		08/20/02		Room		5.3073533586		3184.4120151897		10026		243.059		100		1290		91.6		225		5.7333333333		5.672		0.9893023256		1.0107032899		0.902		99.935		227.4330042313		5.676		0.902		99.935		227.2727272727		5.733		0.819		99.93		225.0130821559		5.734		0.82		99.93		224.9738402511

		08/20/02		Room		5.3073533586		3184.4120151897		10266		243.059		200		1290		190.6		225		5.7333333333		5.781		1.0083139535		1.0154767675		0.929		99.926		223.1447846393		5.786		0.928		99.925		222.95195299		5.799		0.864		99.924		222.4521469219		5.8		0.863		99.924		222.4137931034

		08/20/02		Room		5.3073533586		3184.4120151897		10481		243.059		300		1290		288		225		5.7333333333		6.104		1.0646511628		1.006555784		0.889		99.891		211.3368283093		6.106		0.889		99.891		211.2676056338		6.047		0.82		99.898		213.3289234331		6.049		0.82		99.898		213.2583898165

		08/21/02		Room		3.5915640008		2154.9384005012		8946		359.175		0		1290		0		295		4.3728813559		5.322		1.2170465116		0.8627498502		0.715		99.824		242.3900789177		5.326		0.715		99.823		242.2080360496		6		0.568		99.639		215		6		0.567		99.639		215

		08/21/02		Room		3.5915640008		2154.9384005012		8421		359.175		20		1290		11		295		4.3728813559		4.704		1.0757209302		0.939156399		0.79		99.923		274.2346938776		4.715		0.788		99.922		273.5949098621		4.962		0.634		99.889		259.9758162031		4.968		0.634		99.888		259.6618357488

		08/21/02		Room		3.5915640008		2154.9384005012		9293		359.175		40		1290		30.2		295		4.3728813559		4.242		0.9700697674		1.0168464155		0.814		99.965		304.1018387553		4.257		0.81		99.964		303.0303030303		4.418		0.606		99.952		291.9873245813		4.415		0.601		99.952		292.1857304643

		08/21/02		Room		3.5915640008		2154.9384005012		8435		359.175		60		1290		50.5		295		4.3728813559		4.414		1.0094031008		0.9740088184		0.835		99.952		292.251925691		4.415		0.834		99.952		292.1857304643		4.474		0.696		99.947		288.3325882879		4.478		0.699		99.947		288.0750334971

		08/22/02		Room		3.5915640008		2154.9384005012		8758		359.175		80		1290		69.9		295		4.3728813559		4.417		1.0100891473		1.0162456039		0.873		99.952		292.0534299298		4.425		0.871		99.951		291.5254237288		4.404		0.756		99.953		292.9155313351		4.407		0.757		99.953		292.7161334241

		08/22/02		Room		3.5915640008		2154.9384005012		8109		359.175		100		1290		90		295		4.3728813559		4.316		0.9869922481		1.0466019194		0.887		99.96		298.8878591288		4.322		0.886		99.959		298.4729291994		4.283		0.785		99.962		301.1907541443		4.288		0.786		99.962		300.8395522388

		08/22/02		Room		3.5915640008		2154.9384005012		8929		359.175		200		1290		188.5		295		4.3728813559		4.27		0.9764728682		1.02399973		0.924		99.963		302.1077283372		4.275		0.923		99.963		301.7543859649		4.168		0.801		99.97		309.5009596929		4.168		0.797		99.97		309.5009596929

		08/22/02		Room		3.5915640008		2154.9384005012		8163		359.175		300		1290		290		295		4.3728813559		4.417		1.0100891473		1.0414285145		0.905		99.952		292.0534299298		4.421		0.905		99.952		291.7891879665		4.289		0.787		99.962		300.7694101189		4.291		0.787		99.962		300.6292239571

		08/23/02		Room		2.7141210035		1628.4726021056		6567		475.292		0		1290		0		400		3.225		4.147		1.2858914729		0.8660064191		0.734		99.759		311.0682421027		4.149		0.733		99.758		310.9182935647		4.746		0.612		99.484		271.8078381795		4.752		0.61		99.481		271.4646464646

		08/23/02		Room		2.7141210035		1628.4726021056		6352		475.292		20		1290		10.5		400		3.225		3.777		1.1711627907		0.8896178825		0.746		99.866		341.5409054805		3.782		0.745		99.865		341.0893707033		4.214		0.577		99.734		306.1224489796		4.218		0.577		99.733		305.8321479374

		08/25/02		Room		2.7141210035		1628.4726021056		5932		475.292		40		1290		30.5		400		3.225		2.964		0.9190697674		0.9203759822		0.835		99.976		435.2226720648		2.957		0.837		99.976		436.2529590801		2.886		0.596		99.981		446.9854469854		2.889		0.586		99.981		446.5212876428

		08/23/02		Room		2.7141210035		1628.4726021056		5966		475.292		60		1290		51		400		3.225		3.211		0.9956589147		1.0085399288		0.822		99.956		401.7440049829		3.218		0.82		99.956		400.8701056557		3.304		0.664		99.946		390.4358353511		3.304		0.661		99.946		390.4358353511

		08/25/02		Room		2.7141210035		1628.4726021056		5886		475.292		80		1290		70.7		400		3.225		3.24		1.0046511628		0.978329816		0.843		99.948		398.1481481481		3.244		0.842		99.948		397.6572133169		3.182		0.691		99.955		405.4054054054		3.187		0.689		99.954		404.7693755883

		08/25/02		Room		2.7141210035		1628.4726021056		6522		475.292		100		1290		89.8		400		3.225		3.192		0.9897674419		1.0036449351		0.863		99.96		404.1353383459		3.201		0.86		99.959		402.9990627929		3.085		0.67		99.97		418.152350081		3.088		0.669		99.97		417.7461139896

		08/23/02		Room		2.7141210035		1628.4726021056		5885		475.292		200		1290		190		400		3.225		3.167		0.9820155039		1.0432828996		0.888		99.956		407.3255446795		3.173		0.887		99.956		406.5553104318		3.07		0.761		99.966		420.1954397394		3.075		0.762		99.966		419.512195122

		08/25/02		Room		2.7141210035		1628.4726021056		6049		475.292		300		1290		287		400		3.225		3.383		1.0489922481		1.059845955		0.9		99.938		381.3183564883		3.386		0.899		99.938		380.980507974		3.238		0.763		99.956		398.3940704138		3.24		0.762		99.955		398.1481481481

		08/16/02		Room		2.1812389776		1308.7433865341		4661		591.407		0		1290		0		530		2.4339622642		3.528		1.4494883721		0.7370922351		0.61		99.593		365.6462585034		3.531		0.61		99.59		365.3355989805		3.567		0.537		99.567		361.6484440706		3.568		0.537		99.566		361.5470852018

		08/16/02		Room		2.1812389776		1308.7433865341		4460		591.407		20		1290		9.7		530		2.4339622642		3.277		1.3463643411		0.8314124241		0.626		99.495		393.6527311565		3.282		0.625		99.49		393.0530164534		3.548		0.531		99.243		363.5851183765		3.553		0.529		99.239		363.0734590487

		08/16/02		Room		2.1812389776		1308.7433865341		4182		591.407		40		1290		30		530		2.4339622642		2.665		1.0949224806		0.8676008504		0.75		99.85		484.052532833		2.67		0.748		99.848		483.1460674157		2.732		0.622		99.824		472.1815519766		2.739		0.62		99.821		470.9748083242

		08/16/02		Room		2.1812389776		1308.7433865341		4178		591.407		60		1290		50		530		2.4339622642		2.721		1.1179302326		0.896862444		0.763		99.829		474.0904079383		2.726		0.762		99.827		473.2208363903		2.812		0.674		99.789		458.7482219061		2.814		0.674		99.788		458.4221748401

		08/19/02		Room		2.1812389776		1308.7433865341		4711		591.407		80		1290		70		530		2.4339622642		2.53		1.0394573643		0.9911137037		0.805		99.894		509.8814229249		2.536		0.804		99.892		508.6750788644		2.305		0.451		99.946		559.6529284165		2.307		0.449		99.945		559.1677503251

		08/19/02		Room		2.1812389776		1308.7433865341		4248		591.407		100		1290		90		530		2.4339622642		2.427		0.9971395349		0.9917477838		0.84		99.921		531.5203955501		2.434		0.838		99.919		529.9917830731		2.194		0.456		99.963		587.967183227		2.198		0.455		99.962		586.8971792539

		08/19/02		Room		2.1812389776		1308.7433865341		4606		591.407		200		1290		189.5		530		2.4339622642		2.393		0.9831705426		1.0492252688		0.885		99.928		539.0722941914		2.399		0.883		99.927		537.7240516882		2.101		0.478		99.974		613.9933365064		2.104		0.476		99.973		613.1178707224

		08/19/02		Room		2.1812389776		1308.7433865341		4831		591.407		300		1290		288		530		2.4339622642		2.445		1.0045348837		1.0692931006		0.885		99.916		527.6073619632		2.449		0.884		99.916		526.7456104532		2.158		0.539		99.968		597.7757182576		2.16		0.54		99.967		597.2222222222
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0.938

0.929

0.924

0.888

0.885

0.989

1.005

0.941

0.889

0.905

0.9

0.885



		0		0		0		0		0		0		0

		9.7		11.5		20		20		20		20		20

		29.6		31.5		40		40		40		40		40

		49.1		50.9		60		60		60		60		60

		70		69.9		80		80		80		80		80

		88.1		91.6		100		100		100		100		100

		188		190		200		200		200		200		200

		284.7		286		300		300		300		300		300



20 ml/min

40 ml/min

110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Steady State

99.849

99.912

98.784

99.421

99.824

99.759

99.593

99.889

99.945

99.463

99.678

99.923

99.866

99.495

99.954

99.966

99.887

99.857

99.965

99.976

99.85

99.956

99.978

99.917

99.901

99.952

99.956

99.829

99.972

99.974

99.921

99.908

99.952

99.948

99.894

99.972

99.983

99.924

99.935

99.96

99.96

99.921

99.97

99.985

99.922

99.926

99.963

99.956

99.928

99.971

99.979

99.912

99.891

99.952

99.938

99.916



		0		0		0		0		0		0		0

		9.7		11.5		20		20		20		20		20

		29.6		31.5		40		40		40		40		40

		49.1		50.9		60		60		60		60		60

		70		69.9		80		80		80		80		80

		88.1		91.6		100		100		100		100		100

		188		190		200		200		200		200		200

		284.7		286		300		300		300		300		300



20 ml/min

40 ml/min

110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm /(V/Q)

1.3152

1.2640285714

1.6114573643

1.4103488372

1.2170465116

1.2858914729

1.4494883721

1.2559285714

1.1836857143

1.3593100775

1.2661046512

1.0757209302

1.1711627907

1.3463643411

1.1126

1.1120571429

1.0467054264

1.0923837209

0.9700697674

0.9190697674

1.0949224806

1.1073571429

1.0542857143

1.0018527132

1.0348255814

1.0094031008

0.9956589147

1.1179302326

1.0428142857

1.0774

0.9940930233

1.0395348837

1.0100891473

1.0046511628

1.0394573643

1.0429285714

1.0224857143

0.989744186

0.9893023256

0.9869922481

0.9897674419

0.9971395349

1.0518857143

1.0113142857

0.9930697674

1.0083139535

0.9764728682

0.9820155039

0.9831705426

1.0513571429

1.0478285714

1.0025348837

1.0646511628

1.0100891473

1.0489922481

1.0045348837



		Without Baffles																		With Baffles





		0		0		0		0		0		1		1		0.5		0.5		0.25		0.25		0.25		0.25		0.2		0.2

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm (min)

18.898

8.086

5.322

4.147

3.528

15.941

7.259

4.704

3.777

3.277

12.275

6.263

4.242

2.964

2.665

11.749

5.933

4.414

3.211

2.721

11.658

5.96

4.417

3.24

2.53

11.607

5.672

4.316

3.192

2.427

11.646

5.781

4.27

3.167

2.393

11.757

6.104

4.417

3.383

2.445



		0		0		0		0		0

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Sigma/tm

0.6362468528

0.7455317292

0.8627498502

0.8660064191

0.7370922351

0.665254547

0.8186731094

0.939156399

0.8896178825

0.8314124241

0.9643082429

0.914997784

1.0168464155

0.9203759822

0.8676008504

0.9780742857

0.964685333

0.9740088184

1.0085399288

0.896862444

1.0107894108

0.9879375021

1.0162456039

0.978329816

0.9911137037

1.0205570662

1.0107032899

1.0466019194

1.0036449351

0.9917477838

1.003316382

1.0154767675

1.02399973

1.0432828996

1.0492252688

1.0258469168

1.006555784

1.0414285145

1.059845955

1.0692931006



		0		0		0		0		0

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

Steady State

98.784

99.421

99.824

99.759

99.593

99.463

99.678

99.923

99.866

99.495

99.887

99.857

99.965

99.976

99.85

99.917

99.901

99.952

99.956

99.829

99.921

99.908

99.952

99.948

99.894

99.924

99.935

99.96

99.96

99.921

99.922

99.926

99.963

99.956

99.928

99.912

99.891

99.952

99.938

99.916



		0		0		2.5		2.5		2.5		2.5

		9.7		11.5

		29.6		31.5

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

Mixer Speed (rpm)

tm (min)

92.064

44.241

87.915

41.429

77.882

38.922

77.515

36.9

72.997

37.709

73.005

35.787

73.632

35.396

73.595

36.674



		0		0										0		0

		9.7		11.5										20		20

		29.6		31.5										200		200

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

20 ml/min Fluent Simulation

40 ml/min Fluent Simulation

Mixer Speed (rpm)

Sigma/tm

0.848

0.786

1.1835

1.1974

0.867

0.919

0.9635

0.93348

0.945

0.945

0.9848

0.9859

0.923

0.968

0.983

0.969

1.007

0.999

0.989

0.992

0.989

1.005



		0		0

		9.7		11.5

		29.6		31.5

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

Mixer Speed (rpm)

Steady State

99.849

99.912

99.889

99.945

99.954

99.966

99.956

99.978

99.972

99.974

99.972

99.983

99.97

99.985

99.971

99.979



		0		0		0		0		0		0.1		0.1		0.1		0.1		0.05		0.05		0.1		0.1		0.1		0.1

		10.2		9.8		11		10.5		9.7

		30		29.7		30.2		30.5		30

		49.7		50.2		50.5		51		50

		69.5		70		69.9		70.7		70

		90.6		91.6		90		89.8		90

		190		190.6		188.5		190		189.5

		286.7		288		290		287		288



110 ml/min

225 ml/min

295 ml/min

400 ml/min

530 ml/min

Mixer Speed (rpm)

tm /(V/Q)

1.6114573643

1.4103488372

1.2170465116

1.2858914729

1.4494883721

1.3593100775

1.2661046512

1.0757209302

1.1711627907

1.3463643411

1.0467054264

1.0923837209

0.9700697674

0.9190697674

1.0949224806

1.0018527132

1.0348255814

1.0094031008

0.9956589147

1.1179302326

0.9940930233

1.0395348837

1.0100891473

1.0046511628

1.0394573643

0.989744186

0.9893023256

0.9869922481

0.9897674419

0.9971395349

0.9930697674

1.0083139535

0.9764728682

0.9820155039

0.9831705426

1.0025348837

1.0646511628

1.0100891473

1.0489922481

1.0045348837



		0		0		0.05		0.05		0.05		0.05		0		0

		9.7		11.5										20		20

		29.6		31.5										200		200

		49.1		50.9

		70		69.9

		88.1		91.6

		188		190

		284.7		286



20 ml/min

40 ml/min

20 ml/min Fluent Simulation

40 ml/min Fluent Simulation

Mixer Speed (rpm)

tm /(V/Q)

1.3152

1.2640285714

1.0981

0.9821

1.2559285714

1.1836857143

1.0126

1.02201

1.1126

1.1120571429

0.9943

0.999871

1.1073571429

1.0542857143

1.0428142857

1.0774

1.0429285714

1.0224857143

1.0518857143

1.0113142857

1.0513571429

1.0478285714



		tm/(V/Q)								sigma/tm

		rpm		20ml/min		40ml/min				rpm		20ml/min		40ml/min

		0		1.0981		0.9821				0		1.1835		1.1974

		20		1.0126		1.02201				20		0.9635		0.93348

		200		0.9943		0.999871				200		0.9848		0.9859				error:				% error		tmean10=		2172.445		sigma10=		2124.785

																		tm/VQ		0.0234081875		2.34%		tmean20		2223.298		sigma20		2186.8

		rpm		20ml/minExp		40ml/minExp				rpm		20ml/minExp		40ml/minExp				sigma/tm		0.1039934722		10.40%		error		50.853				62.015

		0		1.3152		1.264				0		0.848		0.786

		20		1.2559		1.1837				20		0.867		0.919

		200		1.0519		1.0113				200		0.989		0.992





		with base line correction																without base line correction

		Flow rate		Mixer		Mean Resident Time		σ/tm		V (ml)		V/Q						Flow rate		Mixer		Mean Resident Time		σ/tm		V (ml)		V/Q

		(ml/min)		rpm										Remarks				(ml/min)		rpm

		110		0		18.898		0.564		1290		12.73		No Baffles				110		0		18.898		0.636		1290		12.73

				10.2		15.941		0.606		1290		12.73								10.2		15.941		0.665		1290		12.73

				30		12.275		0.869		1290		12.73								30		12.275		0.964		1290		12.73

				49.7		11.749		0.913		1290		12.73								49.7		11.749		0.978		1290		12.73

				69.5		11.658		0.925		1290		12.73								69.5		11.658		1.011		1290		12.73

				90.6		11.607		0.928		1292		12.73								90.6		11.607		1.021		1292		12.73

				190		11.646		0.938		1294		12.73								190		11.646		1.003		1294		12.73

				286.7		11.757		0.941		1298		12.73								286.7		11.757		1.026		1298		12.73

		225		0		8.086		0.707		1290		6.22		No Baffles				225		0		8.086		0.746		1290		6.22

				9.8		7.259		0.704		1290		6.22								9.8		7.259		0.819		1290		6.22

				29.7		6.263		0.828		1290		6.22								29.7		6.263		0.915		1290		6.22

				50.2		5.933		0.865		1290		6.22								50.2		5.933		0.965		1290		6.22

				70		5.96		0.891		1290		6.22								70		5.96		0.988		1290		6.22

				91.6		5.672		0.902		1292		6.22								91.6		5.672		1.011		1292		6.22

				190.6		5.781		0.929		1294		6.22								190.6		5.781		1.015		1294		6.22

				288		6.104		0.889		1298		6.22								288		6.104		1.007		1298		6.22

		295		0		5.322		0.715		1290		4.75		No Baffles				295		0		5.322		0.863		1290		4.75

				11		4.704		0.79		1290		4.75								11		4.704		0.939		1290		4.75

				30.2		4.242		0.814		1290		4.75								30.2		4.242		1.017		1290		4.75

				50.5		4.414		0.835		1290		4.75								50.5		4.414		0.974		1290		4.75

				69.9		4.417		0.873		1290		4.75								69.9		4.417		1.016		1290		4.75

				90		4.316		0.887		1292		4.75								90		4.316		1.047		1292		4.75

				188.5		4.27		0.924		1294		4.75								188.5		4.27		1.024		1294		4.75

				290		4.417		0.905		1298		4.75								290		4.417		1.041		1298		4.75

		400		0		4.147		0.734		1290		3.50		No Baffles				400		0		4.147		0.866		1290		3.50

				10.5		3.777		0.746		1290		3.50								10.5		3.777		0.890		1290		3.50

				30.5		2.964		0.835		1290		3.50								30.5		2.964		0.920		1290		3.50

				51		3.211		0.822		1290		3.50								51		3.211		1.009		1290		3.50

				70.7		3.24		0.843		1290		3.50								70.7		3.24		0.978		1290		3.50

				89.8		3.192		0.863		1292		3.50								89.8		3.192		1.004		1292		3.50

				190		3.167		0.888		1294		3.50								190		3.167		1.043		1294		3.50

				287		3.383		0.9		1298		3.50								287		3.383		1.060		1298		3.50

		530		0		3.528		0.61		1290		2.64		No Baffles				530		0		3.528		0.743		1290		2.64

				9.7		3.277		0.626		1290		2.64								9.7		3.277		0.746		1290		2.64

				30		2.665		0.75		1290		2.64								30		2.665		0.879		1290		2.64

				50		2.721		0.763		1290		2.64								50		2.721		0.899		1290		2.64

				70		2.53		0.805		1290		2.64								70		2.53		0.883		1290		2.64

				90		2.427		0.84		1292		2.64								90		2.427		0.981		1292		2.64

				189.5		2.393		0.885		1294		2.64								189.5		2.393		1.043		1294		2.64

				288		2.445		0.885		1298		2.64								288		2.445		1.061		1298		2.64

		Flow rate		Mixer		Mean Resident Time		σ/tm		V (ml)		V/Q

		(ml/min)		rpm										Remarks

		20		0		92.064		0.848		1400		70

				9.7		87.915		0.867		1400		70

				29.6		77.882		0.945		1400		70

				49.1		77.515		0.923		1400		70		Baffles

				70		72.997		0.983		1400		70

				88.1		73.005		1.007		1400		70

				188		73.632		0.989		1400		70

				284.7		73.595		0.989		1400		70

		40		0		44.241		0.786		1400		35

				11.5		41.429		0.919		1400		35

				31.5		38.922		0.945		1400		35

				50.9		36.9		0.968		1400		35		Baffles

				69.9		37.709		0.969		1400		35

				91.6		35.787		0.999		1400		35

				190		35.396		0.992		1400		35

				286		36.674		1.005		1400		35
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