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Table 2-1. Evaluation of Single Phase Experimental Techniques

LDA= Laser Doppler Anemometry, DPIV= Digitial Particle Imaging Velocimetry

	Criteria
	LDA
	DPIV
	CARPT

	Description
	Focussed laser beams intersect to form measurement volume. Interference pattern of bright and dark stripes is formed. Seed particle moves through the fringes creating alternate dark and bright stripes. Knowing the distance between the fringes and the time between the two peaks the velocity is calculated and a direction is assigned using a Bragg’s cell (Van der Molen and Van Maanen (1978)).
	Flow is seeded with particles. A laser beam illuminates a plane. Two images at subsequent time frames of the seeded flow are captured digitally. Flow field is divided into smaller interrogation areas. A cross correlation technique used to obtain the average particle displacements. Fluid velocity is calculated assuming linear displacements over time intervals between successive images.
	Motion of a neutrally buoyant radioactive particle followed with time. This Lagrangian information  of particle trajectories is used to calculate the Lagrangian velocities and therefore the Eulerian velocities and turbulence quantities.

	Data Validation
	Data has been validated by comparison with data obtained from HWA and SP and with independent LDA measurements in systems of similar geometry.
	No rigorous attempt at validation is reported in the open literature. Some qualitative comparisons with LDA measurement and one quantitative comparison is reported.
	Data is validated by comparison with SP, HWA, LDA and DPIV data reported in the literature and qualitative comparisons with visualization studies in same system.

	Frequency Response
	Up to 30 kHz limitation at high freq:

Particle size, concentrations and electronics.
	Sampling frequency 10-30 Hz. Digitization speed limits it.


	In theory can vary from 50-500 Hz. But practical limitations of particle size and spatial resolution issues limit it to 50-100 Hz.

	Size of  measurement volume
	Typically 50   m by 0.25 mm, 5 by 5   m possible but requires lens to be placed farther, requires  fine particles which require higher energy of light.
	Spatial resolution are mm in size. Size is 

determined by number of particles present per 

pixel, number of pixels the plane is divided into,

and size of spatial structures one wishes to 

capture.
	Spatial resolutions are typically of the order of  5mm. These are strong functions of the particle size, the energy of the gamma rays, distance of particle from detector, sensitivity of the detector, solid angle effects etc.

	Velocity Range
	Wide ranges of velocity are possible. At high velocities  difficult to get particles that follow flow, scatter light and have high concentration
	Wide ranges of velocity are possible. Problems are similar to those of LDA.
	At high velocities the issue of resolution and sampling frequencies can become important and the ability of the particle to follow the flow can also become an important issue.

	Velocity Component Resolution
	Can measure two components simultaneously. Three component LDA’s are available in the market but their cost is high , can capture reversal of flow.
	Same as LDA i.e. can measure two components simultaneously. But the current stirred tank literature suggests that these two velocities are limited to the radial and tangential velocities. 3D DPIV’s available in the market. Can capture flow reversals.
	Measures three dimensional velocities simultaneously. Provides Lagrangian velocity measurements over the entire tank.

	Accuracy
	Can give high accuracy up to 0.1 %. Errors in refractive index, beam crossing angle make it 1%
	Errors from implementation of cross correlation algorithm and errors in the peak finding scheme. Lot of research has been done into the different schemes for these. Accuracy is within 5%.
	Main source of errors is from particle reconstruction accuracy , particle’s ability to track the fluid and limitations on sampling frequency.

	Resolution
	Laser pretty good but not as high as HWA. Can go up to 1 in 1000.
	Can go as high as 0.6 mm / pixel but this means we will be compromising on the length scales one wishes to capture. In prinicple closer to 5 mm.
	Typically around 5 mm. Recent studies done at CREL suggest possibility of improving resolution upto 2.0 mm.

	Ease of Use
	Difficult to set up and start getting valid data.
	Requires Setting up DPIV, interrogation area, getting a uniform sheet  in one plane, adjusting the lens, camera to focus on the interrogation area
	Once neutrally buoyant particle is made and calibration is done the actual experiments are very easy.

	Ability to capture structure in flow
	None directly.
	Planar information available.
	Complete three dimensional information of the structures in flow.

	Use in multiphase flow
	Not usable in opaque multiphase flows.
	Not usable in opaque multiphase flows.
	Can be used in opaque multiphase flows.
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