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ABL ILLUMINATOR 

COIL Illuminator Technology 

Schafer's effort in support of the COIL Illuminator consisted of the following task areas: 

1. Development of gas laser vision statement; 

2. Coordination of contractor and university Raman efforts; 

3. Raman analysis; 

4. ABL SPO illuminator interface activity; 

5. Preparation of briefing comparing gas and solid state laser scaling characteristics; 
and, 

6. COIL CFD workshop support. 

1. Gas laser vision statement 

Schäfer worked in collaboration with Applied Research Associates to prepare a vision 
statement for the gas laser branch at AFRL. This vision statement began by examining 
projections made by the New World Vistas study in 1996 for both Air Force mission 
trends and technology development trends. The New World Vistas vision was embodied 
by diode-pumped solid state lasers using non-linear optical phase conjugation and fiber 
optic coupling to achieve energy frugality. Our gas laser vision statement demonstrated 
that there is an alternate technology pathway to achieve energy frugality using gas lasers. 
Schäfer examined two mission scenarios-threat independent IRCM and cruise missile 
defense as examples of how gas lasers could achieve energy frugality for missions which 
require high average power levels in the relatively near future. The accompanying 
briefing illustrates the logic chain behind this argument (Att. 1). 

2. Coordination of Contractor and University Raman Efforts 

The COIL illuminator project at AFRL is pursuing two parallel approaches to achieving 
high efficiency conversion of iodine laser radiation at high average power levels. These 
are stimulated Raman scattering in molecular gases and Raman scattering in solid-state 
materials. After an initial survey in 1996-97, Schäfer recommended rotational Raman 
scattering in molecular hydrogen as the best approach using a gas-phase medium. 
Experiments to validate the theoretical predictions of length and injection seed level, 
required to achieve conversion efficiencies of 50% or more, are currently being 
undertaken by STI Optronics. Testing will occur in 1999 using a photolytic iodine laser. 

The solid-state Raman scattering approach is not as well defined at this time because of 
the greater uncertainties in material properties under the high intensity conditions 
necessary for efficient Raman conversion. Experimental investigations of candidate 
solid-state Raman materials for the COIL illuminator project are being conducted at 
Coherent Technologies Incorporated (CTI), the University of New Mexico, and the 
General Physics Institute in Moscow. 

To facilitate progress and coordinate the directions of these various parallel research 
thrusts, Schäfer has held a series of workshops at which the various participants have 
presented their results.  During the present task, these workshops were held on August 



18, 1998 and December 1, 1998. Schafer prepared and distributed books of veiwgraphs 
from each of these workshops. 

3. Raman Analysis 

Schäfer personnel performed analyses of Raman physics issues for the gas-phase Raman 
converter concept. Schäfer resolved a discrepancy in the Raman gain values reported in 
the literature for stimulated rotational Raman scattering in hydrogen (H2). This 
discrepancy was due to a difference of a factor of 3/2 in the Raman gain for circularly 
polarized pump and Stokes beam in comparison to the case of rectangularly polarized 
beams. This finding allowed STI Optronics to improve the accuracy of their Raman 
conversion calculations. 

Schafer also performed Raman cell sizing calculations for other gas-phase Raman media 
candidates, including vibrational scattering in CF4 and SF6 and rotational scattering in 
Hi, N2, and O2. These calculations showed that only H2 offered the possibility of 
achieving a cell length less than 5-m, which is considered the largest size allowable in the 
ABL aircraft. The following briefing includes the details of these calculations (Att. 2). 

4. ABL SPO Illuminator 

Schäfer served as an interface between the AFRL COIL Illuminator Project and the ABL 
SPO. The main areas of emphasis were the baseline performance parameters of the 
Track Illuminator Laser (TILL), the Beacon Dluminator Laser (BILL), and the 
component and subsystem weights. The average power and several other parameters of 
these devices are classified and cannot be reported here. The weights have undergone an 
evolution as the ABL design baseline has undergone quarterly updates. A significant 
change occurred in March 1998, when the wavelength of the TELL were changes as a 
result of adopting Yb:YAG as the baseline (in place of Nd:YAG) and dropping the 
Raman cell. Current plans are to use Yb:YAG for the TILL and Nd:YAG for the BILL 
on the PDRR system, then reverse the two laser concepts for the TILL and BILL roles on 
the ultimate EMD system. 

5. Comparison of Gas and Solid State Lasers 

Schafer was tasked with preparing a briefing to compare the scaling characteristics of gas 
and solid-state lasers for medium and high power airborne applications. This briefing 
began by reviewing previous Air Force experience with Airborne lasers, and how lessons 
learned from those previous programs has affected subsequent decision making. The 
briefing then examined how new technologies and the application of the energy frugality 
concept can reverse some of the negative conclusions previously drawn (Att. 3). 

6. COIL CFD Workshop Support 

Schäfer supported a COIL CFD workshop at Logicon RDA. One purpose of the 
workshop was to ascertain whether the physics of COIL lasers are accurately modeled by 
the MINT computer code developed by SRA and used by Logicon RDA. This meeting 
provided a forum for 37 CFD experts to assess this question, and to make 
recommendations for reducing the run time of this code. 

The following is a summary of the questions and issues which remained unresolved at the 
close of this COIL CFD Workshop. 



1. Is there any possibility of span-wise flow across unit cell boundaries? Related to this 
was the question of whether periodic boundary conditions are used. It was observed 
that the unit cell approximation makes the code unable to analyze effects of 
manufacturing errors and orifice plugging. The further concern was that flow across 
orifice holes may induce vorticity (turbulence) which is larger than the scale of a unit 
cell. Even if this vorticity is symmetric on a larger scale, there was a concern that it 
must be accounted for in order to obtain a correct solution. Related to this was the 
additional observation that the mesh is very odd looking. Dr. Paul Whalen expressed 
a concern that there would be enough false vorticity generated by the mesh itself to 
violate the unit cell assumption. 

2. Dr. Wahid Hermina observed that it does not look like the grid on page 4 of the 
package is fine enough to capture the shear layer in the mixing zone. 

3. Professor Steve Orszag expressed concern that vorticity fluctuations might occur 
which are unmodeled. These could be due to either turbulence or temporal 
fluctuations in the mass flow rate. Orszag stated that if you have significant 
streamwise vorticity you can have a major change in the transition Reynolds number 
(reduction by a factor of 5 is possible.) He pointed out that transition is different than 
turbulence. Periodic fluctuations could result from localized transition, which is 
unmodeled by the code. He recommended that AFRL look at temporal frequency 
spectra measured on RADICL for evidence of fluctuations. It was suggested at this 
point that Charlie Helms should do some hot-wire measurements in cold flow to look 
for this behavior. 

4. Dr. John Trenholme from Livermore asked if the model included the physics of 
interaction of the laser beam with condensed water particles. He said that based on 
his peronal experience, this would be important in that these particles will absorb 
light no matter what their size. This could present a beam quality issue. 

5. Dr. Hermina asked some questions about the degree of chemical equilibrium in the 
reaction package. He recommended that we compare the collision frequency with the 
time scales for flow transit through the nozzle. 

6. Several people asked if the MINT code uses upwind differencing. Several people had 
the opinion this would be superior to the central difference technique which is used in 
MINT. 

7. Professor Orszag observed that while the predictor-corrector method is stable in two 
dimensions, it can be unstable in 3-D. To avoid this instability it is necessary to apply 
a condition to the maximum time step size. Orszag maintained that implicit methods 
work fine in two dimensions for avoiding this time step restriction, However he said 
that if you extend the computations to include 3-D effects you have to restrict the 
time step size. Someone else observed that you cannot run with an infinite CFL 
(Courant-Friedrichs-Lewy) number in any implicit method.  Professor Orszag asked 



if we were really sure that we would not be better off using a fully explicit method for 
the calculations. 

8. It was suggested that we could improve the run time performance of the MINT code 
by applying sub-cycles to the chemistry calculations. This would involve freezing the 
fluid dynamics and treating only the chemistry implicitly. The fluid dynamics could 
be treated explicitly since these phenomena change on a slower time-scale. It would 
not be necessary to do spatial splitting and speed up can be achieved. However, 
concern was expressed about getting a disconnect between the density and the energy 
addition from the chemistry effects. Professor Orszag observed that it would be 
computationally cheaper to update the density explicitly. 

9. Someone asked if the code automatically estimates the discretization error. It was 
suggested that it would be useful to do this because it would allow us to throw out 
terms for the next solution or iteration based on the behavior of the previous solution. 

10. Several people asked if we had done mesh refinement studies with the code to see if 
the solution changed as the mesh size was reduced further and further. This is a 
standard procedure in CFD studies within the NASA community. Charlie Helms 
observed that when the ROTOCOIL calculations were performed, it was found that 
the solution changed in going from the coarse grid to the medium grid to the fine grid. 
This implied that the fine grid was not fine enough and that additional calculations 
should be done with even smaller mesh sizes to determine the true number of grid 
points which are required for an accurate solution. 

11. Dr. Hermina said that code verification and validation are considered very important 
items in the Sandia CFD Program. He asked how we do verification and validation 
with such a large code every time a change is made. 

12. Dr. Cliff Rhodes observed that the Cray C-90 computer tells you what percent of the 
calculations are vectorized. He asked if we had ever looked at this diagnostic which 
is provided by the computer. The answer was no. 

13. Dr. Rhodes also asked how many total hours we would really like to have in a year. 
An ROM answer was 10K hours per year. Rhodes observed that this is a trivial 
amount of machine time because people are now measuring problems in hundreds of 
thousands of node hours per year today. He suggested applying for a Grand 
Challenge grant through Air Force channels. The Air Force has a panel which 
allocates these proposals. Capt. Rob Peterkin at AFRL/KAFB is on this body. 
Information is available at the web site: www.hpcmo.hpc.mil. Dr. Rhodes suggested 
that if the grant states to the Air Force that it will be supporting a laser weapon 
program the chances are good that it will be approved. He suggested asking for a 3 
year grant. 

14. Dr. Mark Christon from Sandia suggested that we could achieve significant 
improvements and run time by using better guesses to the solution.  He specifically 



referred to the use of projection-based methods based on Krylov techniques. This 
involves keeping a series of base vectors which are put on the right hand side of the 
equations and allows speed up and run time by factors of 5-10. This feature is 
available in several commercial CFD codes. He said that Sandia sees a difference of 
200-300 times in the cost per time step for low Mach number calculations. He 
recommended that we talk to Dr. Phil Gresho at Sandia about these projection 
methods. 

15. When finite element methods (FEM) were discussed as a possibility for reducing run 
time, Alan Lampson stated that the communications requirements were uncertain 
with this technique. Someone asked why he thought communications times were 
uncertain for FEM codes. He said that typically people pre-compute the 
communications paths and that this part of the problem is very deterministic. 
However, he said that we should not try to do this ourselves. We should arrange a 
mind-dump from people who have done this with FEM codes. 

16. Several people asked if we are totally married to the ADI (Alternating Direction 
Implicit) solver approach. The ADI technique has a problem with parallel computing 
architectures. As you break up the problem into more blocks you lose the implicit 
aspects of the algorithm across the processors. 

17. Dr. Hermina said that Sandia is using domain decomposition techniques extensively 
for time accurate solutions. He asked if we are concerned with time accurate 
behavior capability in our calculations. Although the answer is no for the present 
type of calculations, it was observed that maybe we should be for super-sonic 
injection configurations. In particular, it might be possible that oscillatory behavior 
will occur with the supersonic injection orifices. Tim Madden said that he 
investigated this for his PhD thesis with a high resolution grid and did indeed pick up 
an unsteady mode around the subsonic injection holes of the RADICL device. 

18. Several people in the audience expressed concern that we were not using enough grid 
points. One person stated that if you have too few grid points, you can get smoothing 
of gradients with more grid points. The solution can oscillate back and forth from 
one point to another. 

19. Several people asked if anyone had done a comparison of GASP and MINT (or any 
other state-of-the-art commercial codes) for non-reacting flows. This was suggested 
as an easy way to get a comparison of the basic speed and run-time behavior of these 
codes in a short time. 

20. It was suggested that we investigate the potential of using features of the AZTEC 
distributed memory parallel solver. It employs unstructured grid, along with variable 
block storage and conjugate gradient techniques. It would give an idea of what is to 
be gained by getting rid of the ADI solver in the MINT code. It was estimated that 
this might take 4-5 man months to accomplish. As a preliminary it was suggested 
that we download AZTEC from the web. 



21. Someone else observed that there is some evidence in the literature that Newton 
schemes don't work well for large velocity shears. They wondered if the MINT 
code's use of a Newton iteration might be responsible for its slow convergence 
characteristics. 

22. It was observed that the hypersonics community is not putting all of its eggs into one 
basket and focussing on a single computer code. They are sponsoring the 
development and use of several codes and actively doing code to code comparisons to 
assess the behavior of the various methods available and to determine which ones are 
best for which problems. 
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