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OVERALL OBJECTIVE:

The overall objective of this project is to perform

experiments to understand the effect of high shear and extensional

properties on the atomization of coal-water slurries (CWS). In the

atomization studies, the mean drop size of the CWS sprays will be

determined at various air-to CWS. A correlation between the

extensional and high shear properties, particle size distributions

and the atomization will be made in order to determine the

influence of these parameters on the atomization of CWS.

Work Done

During the past quarter, several experimental studies on

pressure dependent atomization of Coal-water slurries and simulated

fluids were performed. Also surface tension, elastic, high and low

shear viscosities were performed. These tests were performed to

initiate the understanding of the fundamental parameters that

govern the atomization process of CWS.

Surface Tension

The influence of surface tension on Sauter mean Diameter (SMD)

has been discussed by Lefebre [I]. Thus, to test the significance

of this parameter on atomization, the surface tension of several

diluted concentrations of corn syrup were measured using Fisher

model du-Nuoy Tensiomat, model 21. The tensiomat's performance was

initially verified by determing the surface tension of distilled

water. Excellent agreement was obtained between the measured value

and the literature value of 72 dynes/cm. The results of the surface

tension measurements as well as, the viscosity and the densities



are as shown in Table I.

Rheological Properties

The Rheological properties of the corn syrup solutions were

determined using a Haake RV-20 rheometer. The corn syrup solutions

were found to be Newtonian and the viscosities ranged from 709

mPas.s to 120 mPas.s, dependeing on the concentration. The flow

curves for 100% and 80% corn syrup solutions are as shown in

Figures 3 and 4. The densities of these solutions were found to be

in the range of 1.37 tO 1.02 gm/mL (Table i). The density of the

coal-water slurries used had densities of between 1.12gm/mL and

1.26 gm /ml.

In order to understand the CWS atomization behavior, it is

neccessary to understand the flow behavior of the CWS. A low shear

flow behavior of 66% and 61% CWS (PSOC-1527) containg 0.5% A-23

coal weight as additive, and high shear flow behavior of 61% (PSOC-

1527) slurry used in the atomization studied are as shown in

Figures 5-8. The high shear was run on Pen-Kem HVA-6 capillary

rheometer (Fiure 8). This instrument was evaluated and found to be

excellent in the study of high shear behavior of the CWS. Also, a

viscoelastic measurements of the CWS was made (Figure 7). The

slurry exhibited a Newtonian flow in the shear rate region of

between 8.89 x 103 i/s and 1.29 x 105 I/s (Figure 7 and Table 2.)

The viscoelastic measurement show that t_e slurry has a

considerable elastic component (Figure 8).

Several experiments on the high shear and the viscoelastic

behavior will be performed during the next quarter in order to
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relate the data to the Sauter Mean Diameter (SMD).

Atomization Studies

Atomization studies _-e performed at Adelphi University. The

initial tests were performed to compare and optimize conditions

neccessary for the CWS atomization. A video camera system and a

Malvern 2600 particle size analyzer and a Dalvan Airo Nozzle were

used to provide information about the spray characteristics,

including drop size distribution, mean median size distribution and

spray velocity. The source of atomizing air used was the house air

system, which delivers air at pressures up to a maximum of 85 psig.

The atomizing air passes through a filter and a flowmeter before it

enters the atomizer.

The atomization results of the corn syrup solutions and the

CWS are as shown in Figures 1 and 2. The Sauter Mean Diameter (SMD)

obtained for each concentration is as listed in Figures 1 and 2. In

the corn syrup atomization studies, the SMD was found to decrease

with decrease in the corn syrup concentration. The A/F ratio was

maintained at 0.2 in this studies. The density and surface tension

of the solution were also found to decrease with concentration. In

the CWS atomization studies, the A/F ratio was increased to 0.4 due

to initial clogging of the nozzle at the low A/F ratio. This

increase was neccessary to effect a constant stream of fine spray

production. This is an indication that the atomization of the CWS

is dependent on the A/F ratio.

The CWS used exhibited a pseudoplastic with yield flow

behavior in the low shear regime, whereas the Corn syrup solutions



exhibited a Newtonian flow behavior (Figure 3-6). The observed

differences in fine spray obtained for the CWS and the corn syrup

solutions at A/F ratio of 0.2 , is probably due to differences in

their flow behaviors.

Further experiments on corn syrup solutions containing polymer

additives, will be performed in the subsquent quarters to determine

the effect of the flow behavior (consistency index, density, A/F

ratio and surface tension) of the corn syrup solutions on

atomization. Varying concentrations of xantham gum will be added to

the corn syrup solutions and changes in the flow consistency index

noted as a function of Xantham gum concentration.
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Table 1

Corn Syrup Density Surface Tension Viscosity

Concentration (%) (gm/mL) (dynes/cm) (mPa. S)

i00 i. 37 80.64 750

90 1.31 76.1 234

80 1.26 73.8 196

70 1.23 70.9 103

60 1.19 59.8 72.4

50 i. 14 53.4 45.2

30 1.08 51.2 34.2
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' VISOCEI..ASTIC HF_.ASURF_IENTOF 61_% CWS (PSOC - 1527)
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