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The purpose of the this equipment grant was to purchase a three component Laser Doppler 

Velocimeter (LDV) system and graphics computer system, in order to conduct three dimensional 

velocity measurements in models of the cardiovascular system. Furthermore, the computer system 

was also to be used for conducting numerical blood flow simulation studies on the cardiovascular 

system, and to animate blood flow data (velocity, pressure and turbulent stresses) obtained from: 

the model systems using the LDV; the computer simulation studies; and non-invasive in vivo 

techniques such as Doppler ultrasound and magnetic resonance imaging (MRI). 

As stated in the original proposal this equipment has been purchased and is housed in two 

adjoining laboratories (each of the size 550 sq.ft.) as a shared research facility for the 

bioengineering program at Georgia Tech. It is being used by investigators who have NIH grant 

funding - Professors Ku, Wick, Nerem, Vito and Yoganathan, and Drs. Pfieffer, Walker and 

Fontaine. Professor Giddens and Dr. Jones who were on the original proposal as co-investigators 

have left Georgia Tech for Johns Hopkins University. They, however, have access to the 

equipment and plan to use the LDV system in the near future. Their group also has access to the 

graphics computer via the network. 

A three dimensional fiber-optic LDV system with both forward and back scatter capabilities 

was purchased from Aerometrics Inc. We decided on the Aerometrics system, after one of our 

research engineers visited both Aerometrics and DANTEC and spent two days at each company 

evaluating their 3-D fiberoptic systems. The system we finally purchased has: (1) Coherent 4 W 

Argon-ion water cooled laser; (2) Bragg shift and color separating units for measuring positive and 

negative multicomponent velocities; (3) transmitting and receiving optics; (4) State-of-the-art digital 

I-1.1 processors for analyzing the Doppler information. These FFT processors are digitally 

interfaced to a Gateway 486 microprocessor for on-line data collection. The on-line collected data 

is then transmitted via the network to the graphics main frame computer (Silicon Graphics 4D/340 

VGXT) which is located in the adjoining laboratory from the LDV flow facility. 

The LDV system has been installed with the transmitting and receiving optics being placed 

on a manual traversing system which has three degrees of freedom plus rotational capabilities (of 



360 degrees). The system may thus be moved around fairy easily in the laboratory. The lab has 

been configured in such manner around the fiber-optic LDV system, so that two large and one 

small flow loop can be operational at the same time. Therefore it is possible that three flow loops 

can utilize the LDV systems measuring capabilities at any given time, though obviously not 

simultaneously. The LDV system has been operational since June (1993) and has been used 

extensively over the past four months. The system is essentially complete, except for the fact that 

Aerometrics is making final upgrades at the present time on the FFT processors, since these are of 

the very latest electronic designs, and the on-line data collection and processing software. These 

upgrades should be completed by January of 1994. The FFT processors use the most advanced 

digital signal processing (DSP) FFT algorithms and hardware together with the best available 

Doppler burst detection and filtering methods. Furthermore the processor operating software uses 

the most recent versions of WINDOWS oriented architecture. The WV system is at present being 

used to study simulated flow models of the: left heart; right heart; ascending aorta; abdominal 

aorta; coronary arteries; pulmonary artery; and iliac arteries. 

For the graphics computer, a Silicon Graphics 4D/340 VGXT main frame computer was 

purchased and it has been in operation since March, 1993. The computer is named BOZ, after an 

illustrious Georgia Tech bioengineer. It was placed in a laboratory immediately adjoining the LDV 

flow facility laboratory. This laboratory was renovated by Georgia Tech so that it would not only 

house the graphics computer, but also other work stations and computer items (for the 

biomechanics research group within the bioengineering program at Georgia Tech). The Silicon 

Graphics system will be upgraded to an Onyx/4 VTX system (processor speed of 150 MHz) 

before the end of the year, giving us three to four more computer power for the same initial cost. 

In this day and age of rapidly advancing computer hardware technology, this upgrade will keep us 

current for about the next 5 years. The Onyx/4 VTX system also has the potential for future 

upgrades. As stated previously the Silicon Graphics computer is interfaced via the network to the 

LDV system. The graphics computer, BOZ, has a variety of graphics packages, such as: 

Wavefront, Advanced Visualizer , and FAST. In addition, computational fluid dynamic (Call) 



packages such as FLUENT and NEKTON are also run BOZ. Therefore BOZ is currently being 

utilized for: (1) processing and animating the LDV velocity and turbulence data; (2) running CM) 

packages to computationally simulate various cardiovascular flows and to animate the resulting 

flow data; and (3) process and animate blood flow data obtained from MRI imaging and Doppler 

ultrasound techniques, from in vitro and in vivo studies. 

In conclusion, it is very clear that the purchase of the Aerometrics 3-D fiberoptic LDV 

system and the Silicon Graphics computer have enhanced our capabilities at Georgia Tech for 

conducting cardiovascular fluid mechanics related research. It is having a major positive impact on 

the research being performed by the investigators originally listed in the proposal. 
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