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PARTICLE TECHNOLOGY CONSULTANTS

RELEASES WORLD-CLASS DATA CORRELATION SOFTWARE

Guided Intelligent Tool for Analysis : GITA Version 4.0
	Organizations which can use GITA : Cement, Mineral, Ceramic, Coal and ash (Thermal power), Fertilizer, Steel, Non-ferrous Metals, Refractory, Abrasive, Polymer, Toner, Catalyst, Dyes and Pigments, Carbon black, Cosmetics, Pharmaceutical, Pesticide, Detergent, Paper, Sugar, Chemical, Refineries, Dairy powder, Beverage, FMCG, Test houses, R&D labs, Consultants, Designers, Educational institutes, Software houses.  Manufacturers of equipments like Grinding mills, Ball mills, Rotary dryers, Coolers, Granulators, Classifiers, Cyclones, Hydrocyclones, Bag filters, ESPs, Boilers, Kilns, Reactors, Spray dryers, Mixers, Smelters, Blast furnaces, Burners, Combustors, Fluidized and Spouted beds, Valves, Instruments etc.
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Kiln feed is controlled by setting the differential pressure.  Conventionally, a linear fit is attempted to establish the relationship using the few data available.  This used to lead to unstable kiln operation in one plant.  GITA has actually led to improved and stable kiln operation as explained above.


	Filter pressure drop increases continuously with the lapse of time.  Conventionally, the filter replacement/ washing time is determined using linear fit.  GITA shows that this could be dangerous and fitting a mathematical equation as given by GITA predicts the filter replacement time correctly.



A composite mathematical equation for estimating density of nitrogen in kg/m3 as a function of temperature and pressure obtained using GITA for use in ammonia reactor simulation, optimisation and design is given below:
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Obviously, the ideal gas law approximation should not be used for accurate operational control of the reactor. 

 
The standard normal integral is practically useful in a number of scientific and industrial applications.  The integral given by:
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is available as a standard table in books.  An approximation for the above integral obtained using GITA is given below:


I = 0.5 exp[-1.21(-x)1.25]

for -3 ( x ( 0 

I = 1 – 0.5 exp(-1.21 x1.25)     
for 0 ( x ( 3 

The average absolute error in the above equation is only 0.8% with the maximum error being only 1.5%.  The simpler equation can be used to estimate ( and ( directly from experimental data.  How?!
Questions that GITA can Answer
1. You are equipped with sieves of sizes 125, 90, 75, 63, 53 and 44 microns.  With the help of these sieves alone, can you determine the complete particle size distribution of your powders like cement, minerals, coal, fertilizers etc., down to one micron?  In other words, can you extrapolate the available data?

2. From limited data of kiln feed versus differential pressure, can you establish the best operating curve?  Conventionally, a linear fit is attempted which might lead to unstable kiln operation at some ranges of differential pressure?

3. Do you have a tool to scientifically compare the classifier efficiency curve at different operating conditions and arrive at optimisation?  Can you compare the classifier efficiency curve of different classifiers and choose the best classifier?

4. You have data of ball mill throughput at four or five ball loadings and a few feed hardnesses.  Can you use this data to establish correlations to predict the ball mill throughput at any different ball loading and feed hardness to arrive at optimisation?

5. Cement mill chamber sampling yields important results, where the residue on 90 µm might continuously decrease with mill length whereas the percent passing 63 µm might continuously increase.  Can you scientifically analyze these two curves simultaneously?

6. In a fertilizer granulation plant, the product quality given by the weight percent in the 1-4 mm size range and moisture content are dependent on operating parameters like ammonia and slurry flow rates, and moisture content and temperature at granulator inlet.  Can you develop correlations to predict the two product quality parameters from known four operating parameters?

7. Can you determine a relationship to predict the calorific value of coal from known ash content?

8. Large fans are employed in a number of industries for drying, burning/combustion, sintering, cooling, transportation, classification etc.  The fan gas flow rate is the most important parameter required for performing heat balance, collection efficiency calculations etc. and this is not easily measurable in plants (due to various reasons).  Can you predict the fan gas flow rate from the easily measured fan rpm and power consumption using the fan characteristic curves?

9. Can you determine a relationship to predict the product yield from an iso-cracking process from temperature and API gravity?

10. Can you develop a comprehensive relationship to predict the density of nitrogen versus pressure and temperature for use in ammonia and urea manufacture?

11. Langlier index is used to indicate water quality, to know whether the water is scale forming or corrosive.  This is a function of pH, water temperature, calcium hardness in ppm, total alkalinity in ppm and total solids content in ppm.  Can you develop a comprehensive mathematical equation to predict the Langlier index as a function of all the above-mentioned parameters, which in turn, can be used to predict the corrective measures to be taken to bring the water Langlier index close to zero?

12. The compression ratio of working fluids in heat pumps (Pco/Pev) depends on condenser temperature (Tco) and the difference between condenser and evaporator temperatures (Tco-Tev).  For a single working fluid such as R-114, the published data occupy eight full-size printed pages.  Would it not be useful to represent such voluminous data in the form of a set of compact mathematical equations?  Can you accomplish this with the help of any available software (other than GITA, of course!)?

13. Can you correlate reaction rate constant data with temperature according to the generalized Arrhenius relation K=KoTm exp(-E/RT)?

14. Can you scientifically analyze the data of drug release rates, establish mathematical relations, and plot the same on XY, log-log, or semi-log graphs?

15. Can you correlate the drying rate data of chemicals, grains and fertilizers, and quickly estimate the diffusivity?

16. Can you correlate the catalyst deactivation data and estimate the deactivation rate constants?

17. Will you not be interested in having simple equations for psychrometric properties instead of having to refer the standard charts time and again?

18. Can you use the historical data of cement strength development to establish a correlation that can subsequently be used for predictive purposes?

19. Can you establish the best calibration curve for your instrument?  An imperfect calibration curve can lead to equipment malfunction, which could prove costly as in the case of a cement kiln.

20. A correlation for valve opening versus flow rate is useful in several industries.  Can you establish the same for your valves?

21. Can you establish a correlation for the filter pressure drop build-up with time and thereby obtain the optimum filter replacement/washing time?

22. Can you establish a correlation for the filter efficiency curve and obtain the filter micron ratings at desired efficiency levels?

23. In many process engineering applications (both research and industrial), dimensionless correlations are attempted to describe the effect of different process variables, which in turn are useful in simulation, optimisation, design and scale-up.  GITA would help you establish such dimensionless correlations between multiple variables.

24. In many cases, it is useful to establish inverse relationships for predicting x from known y.  GITA would help you to establish such inverse relationships instantly.  This is especially useful for control purposes (goal-seek problems).

25. The Normal integral is commonly encountered in probability, statistics, engineering etc. Won’t you be interested to have simple relation for such integrals instead of having to refer to standard tables time and again?

26. Would you not be interested to forecast sales of any material for the next two weeks from the known data of the previous twenty weeks?  A novel sale forecasting method is explained in the manual, which is based on the fact that past sales data effectively factor in the effects of all the relevant variables, and therefore past sales figures can be utilized to obtain future sales projections.

27. Would you not be interested to analyze your research data and get such results that could be publishable in international journals?  Large sums of money are spent in data collection, which can become really effective only upon performing a mathematical analysis of the same leading to mathematical equations between dependent and independent variables, which in turn help in arriving at valuable conclusions.

The package GITA can solve ALL the above problems and many more.

APPLICATIONS OF GITA
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The data of residues on individual sieves up to 44 (m are used to extrapolate down to 1 (m.  The entire particle size distribution thus obtained can be shown instantly in a standard Rosin-Rammler graph using GITA.  The RR-parameters (exponent n and the 63.2% passing size x63.2) can be instantly estimated.


	The classifier efficiency curve (or Tromp curve) is fit using polynomial regression.  The coefficients are also output in the tabular result of GITA.  The equation thus obtained can be subsequently used in other simulation programs involving the classifier as a part of the overall circuit. 
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	The ball mill throughput is analyzed above as a function of the overall ball loading and feed hardness.  The set of mathematical equations obtained enables one to predict the throughput performance for any combination of ball loading and feed hardness thereby helping in optimisation.
	The chamber sampling data from a ball mill grinding cement is analyzed for first order grinding kinetics.  The residue on 90 (m as well as the percent passing 63 (m follows first order law excellently.  What is demonstrated above is the fact that both cumulative oversize and undersize can be represented by the same equation. 
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It is interesting to note that all the valve calibration curves fall on straight lines on a semi-log plot.  Further, in this example, all the valves are characterized by a single parameter in the four-parameter equation being different for each valve. Thus, the single characteristic number can be used to represent any one valve.


	It is difficult to measure the gas flow rate in pipelines carrying solid particles.  For performing heat balance calculations in dryers, calciners, kilns, coolers etc., the gas flow rate can be estimated from power and rpm using the data of fan characteristic curves by employing correlations obtained using GITA.
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	The yield of a particular product from an iso-cracking process is correlated against temperature and API gravity.  The equations represent the data accurately enough for them to be employed for process control purposes.  The “what-if” feature of GITA is demonstrated here to predict the temperature for a yield of 75%.
	For the same iso-cracking process data, the inverse relationships are displayed here wherein the x and y axes have been inter-changed.  This is instantly achieved in GITA, which would be found useful by a number of industrial operators.  The “goal-seek” feature of GITA is demonstrated here.
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The density of nitrogen is correlated with pressure and temperature using parametric analysis.  Initially, the effect of pressure is obtained in mathematical form.  The parameters in the equation are then correlated with temperature in order to obtain the composite mathematical relation presented in the first page.


	After analyzing a large number of data sets (as shown in Fig. 11), certain parameters, especially the exponents m and n, in the CURVE-FIT equation y = C xm exp(b xn) are fixed for all the data sets, and only the other two parameters, C and b, are correlated with temperature as shown here.
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	Coal calorific value is difficult to measure whereas the ash content is easily measurable.  The heat balance of the process is affected by the calorific value.  It is shown here how GITA can be used to correlate calorific value with ash content accurately so that measuring ash content alone becomes sufficient for process calculation.
	The relationship between filter pressure drop and flow rate can be mathematically established using GITA.  It is interesting to note that the presence of solids has only a marginal effect on the pressure-flow relationship.  Further, as expected, the relationship is non-linear.
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The drainage measurement in a paper forming machine is compared here against the recommended values.  While the actual film thickness versus distance curve also falls on a straight line on a semi-log plot, it consistently lies above the recommended values.  The slope gives an indication of the drainage rate.
	The standard normal table given in books of statistics is correlated using GITA to obtain a simpler analytical expression for the integral.  While the mathematical equation itself is given in the first page, the comparison of the approximate expression with the exact values is shown here plotted on a standard monotonic graph.

	Multi-variable Correlation : Langlier Index Example

LI   =  pH – [9.3 + NS + NT – NH –NA] > 0 ( Scale forming 

NS = 0.1+ 0.1(TS –350)/50 for total solids 350<TS<400 ppm

NS =  0.1 for TS < 350 and 0.2 for TS > 400 ppm

NT =  2.6 – 34 exp(-7.52/T0.2)  T = Water temperature in oC

NH = 0.691 H0.2 exp(-5.76/H)  H = Calcium hardness in ppm

NA =  1.02 A0.36 exp(-3.83/A)  A = Total alkalinity in ppm


	Simplification of Infinite Series : Drying/Desorption 

The drying of coarse grains and the release of drug from a resinate are controlled by the internal moisture diffusion in the pores and is given by:
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where  dp is the particle size, D is the diffusivity, t is the drying time for the particles to dry from an initial moisture content of Qo to a final moisture content of Q.  The equilibrium moisture content that would be achieved (if the drying time were infinite) is Q*.  

The above complex infinite series can be approximated by the following simple equation obtained using GITA and published elsewhere (Viswanathan et al., Int. Drying Symposium, IDS 84, 1984; Bhaskar et al., Int. J of Pharmaceutics, 1986, 28, 59-66):
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The above equation suggests that a plot of y versus t0.65 can be used to obtain the diffusivity.  How?!  Several such infinite series solutions can be approximated by simpler analytical equations that can be obtained using GITA.



	The Langlier index is useful to determine water quality, scale forming or corrosive.  This is extremely useful for proper operation of cooling towers, boilers, pipelines etc.  It is advisable to operate near LI = 0.  Some of the above operating paramters can be set to achieve LI ( 0 depending upon the other parameters, for which the above set of equations would be found extremely useful. 

Application of GITA to Sale Forecasting

Past sales figures factor in effects of all the variables that influence sales and therefore are the best indicators of future sales.  Past sales data (week-wise) can be converted to cumulative sales and correlated against week number using GITA,  as this would be a monotonically increasing curve amenable to mathematical analysis.  This novel approach has been successfully adopted to forecast sales for some FMCG and pharmaceutical companies.
	


            CURVE-FIT PREDICTIONS FOR ONE EXAMPLE                     MULTFIT PREDICTIONS FOR ONE EXAMPLE
	     It is a function of the form using choice 4

     y = C  x**m  exp(b  x**n)        where          Data No. =  1

     x = Size [microns]                                                       

     y = Wt. below  [%]                       Legend = Cement    

     C = 290.7    ;   m =   .000;   b = -10.19    ;   n =  -.500

=======================================================================

     i        x         y        1/x       1/y      ycal   Error in %

-----------------------------------------------------------------------

     1     1.000              1.0000                .011

     2     3.000               .3333                .808

     3     5.000               .2000               3.045

     4    10.000               .1000              11.573

     5    20.000               .0500              29.750

     6    30.000               .0333              45.200

     7    44.000    62.000     .0227     .0161    62.517       .83

     8    53.000    70.000     .0189     .0143    71.663      2.38

     9    63.000    85.000     .0159     .0118    80.471     -5.33

    10    70.000               .0143              85.954

    11    90.000    97.000     .0111     .0103    99.253      2.32

-----------------------------------------------------------------------

   Avg.   62.500    78.500                        78.476      2.72  %

   S.D.   17.241    13.500                        13.572

                                  Root mean square error =    3.17  %

   The data and the equation have a Correlation Coefficient of  98  %
	 Linear               FINAL PROD        RYY =  66.4%;   AAE =   8.1%

 y =  1.566  - .9095E-03 x1 - .3650E-02 x2 + .4143  x3 - .5085E-02 x4

----------------------------------------------------------------------

    NH3      Slurry    Qagin     Tagin      Qprod  ,   %      Error

    m3/h      m3/h       %         oC       Data      Calc       %

----------------------------------------------------------------------

   300.0     14.00     1.640     60.00     1.750     1.616      7.6

   .. .. .. 

   400.0     15.00     1.510     55.00     1.400     1.493      6.7

----------------------------------------------------------------------

Av 406.7     13.19     1.346     56.67     1.417     1.417      8.1

SD 73.54     1.196     .2889     2.769     .1999     .1327      7.1

----------------------------------------------------------------------

 Logarithmic          FINAL PROD        RYY =  69.0%;   AAE =   7.6%

 y =  12.90    (x1** -.261) (x2**  .026) (x3**  .417) (x4** -.206) 

------------------------------------------------------------------

    NH3      Slurry    Qagin     Tagin      Qprod  ,   %      Error

    m3/h      m3/h       %         oC       Data      Calc       %

----------------------------------------------------------------------

   300.0     14.00     1.640     60.00     1.750     1.641      6.2

  .. .. .. 

   400.0     15.00     1.510     55.00     1.400     1.500      7.2

----------------------------------------------------------------------

Av 406.7     13.19     1.346     56.67     1.417     1.410      7.6

SD 73.54     1.196     .2889     2.769     .1999     .1346      6.9

	----------------------------------------------------------------------
The utility of interpolation/extrapolation feature should be apparent from the above table, wherein predictions are also shown for the ‘extra’ particle sizes of 1, 3, 5, 10, 20, 30 and 70 (m using the equations determined and for which data are not available.  The extra particle sizes are inserted at the appropriate locations in the table.  Thus, sieving data itself can be used to obtain the complete particle size distribution down to 1 (m.
	----------------------------------------------------------------------
The moisture content of the final product from a fertilizer granulation plant is correlated against ammonia flow rate, slurry flow rate, moisture content of solids at granulator inlet and temperature at granulator inlet.  Both linear and logarithmic correlations are equally good as indicated by the error values.  The correlations are determined using a large body of data whereas only a small portion of the same is shown above.




SALIENT FEATURES OF GITA
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	The opening menu of GITA is shown here. The following points are notable in this opening menu:
· One-time data entry for determining the functional relationship, the inverse relationship as well as graphics for all the correlation modules.

· Each correlation module is present as an independent .EXE file, which however can be run using the same data file. 

· A configuration option is available to enable customization of user interface.

· The entered data can be plotted as such in a graph even before determining a correlation using DATAXY or DATAYX options.




	Why FASTFIT?
It is useful to quickly determine the particular correlation module that is best suited for the data in question.  While the result file of FASTFIT itself may be sufficient for some applications, it is essentially given only to identify the best correlation module from the prediction error of all the modules.  Then one can run the particular module of interest.

Multi-variable Correlation

Where several independent variables have to be correlated against one dependent variable, use MULTFIT.
	Mathematical Equations in GITA
y = C + m x                                             LINEFIT

y = C + m x + b x2                                 QUADFIT

y = C xm                                                   LOGFIT

y = C exp(b x)                                       EXPOFIT

y = C [1 – exp(-b xn)]                               RRMFIT
y = ao + a1 x + a2 x2…+ an xn                  POLYFIT
y = C + m x + b xn                                 POSYFIT
y = 1/[C + m/x + b/xn]                              RECIFIT
y = C xm exp(b xn)                             CURVE-FIT
y = ao + a1 x1 + a2 x2…+ an xn                 MULTFIT 

y = C x1a1 x2a2…xnan                               MULTFIT
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	Inverse Relationships
Mathematical relations can be instantly established with x as the dependent variable as x = g(y) without any additional data entry.  For instance, in psychrometry where x is the absolute humidity in grams of water vapour per kilogram of dry air and y is the dew point in (C, the function and its inverse relations are as follows:

y = 53.47 x0.1 exp(-4.611/x0.5)
x = 1.20 y0.7 exp(0.00415 y1.5)
These two approximate relations determined using GITA can be used to generate the entire psychrometric chart.  How?!  These relations should be found extremely useful by engineers involved in performing calculations of heat balances, drying, air conditioning, adsorption etc.
	Database Management
GITA has integrated database management features.  The data of different examples/experiments/applications can be stored, retrieved and reported easily.

Types of Graphs
Any set of data can be shown plotted as follows:

· Linear scale

· Log-log scale

· Semi-log scale

· Inverse semi-log scale

· Rosin-Rammler scale

· Monotonic scale

All the graphs shown in this brochure are outputs of the integrated graphics system of GITA.  “What-if” and “goal-seek” are integral features of the graphics system as well.


	Package Contents

1. The software in a CD or 3.5” floppy disks in directly executable form.

2. A hardbound User Manual.

3. One year after-sales support by email.
	Awards and Recognitions

· The mathematical research on monotonic transform on which GITA is based has fetched us a national award presented by the then Prime Minister of India, Mr. Rajiv Gandhi.

· The mathematics of monotonic transform has been partly published in AIChE J, 30, 657-660, 1984; Int. J of Pharmaceutics, 28, 59-66, 1986. 

· The greatest satisfaction has however been the actual benefits reaped by a number of industries by scientific forecasting achieved by GITA.
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