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Time Dependent View Factor Methods 

Ronald C. Kirkpatrick 

Los Alamos National Laboratory 

Abstract : View factors have been used for treating radiation transport between 
opaque surfaces bounding a transparent medium for several decades. However, in 
recent years they have been applied to problems involving intense bursts of 
radiation in enclosed volumes such as in the laser fusion hohlraums. In these 
problems, several aspects require treatment of time dependence. 

View Factors 

View factors are commonly used to compute the transport of radiation through a vacuum 
between sets of opaque surfaces. A view factor is simply a coupling coefficient that gives 
the fraction of radiation emitted from one surface that is intercepted by another, assuming 
that the emission is isotropic [ 11: 

C, ,  = jj d,,' COS a, COS a, dA, dA, , 

where d,, is the distance between the surfaces, a is the angle of incidence measured from 
the normal to the surface, and A is the surface area, as illustrated in Figure 1. For simple 
problems, conservation can be insured down to round-off accuracy, but the accuracy of the 
view factors depends on the method used for computing them, some of which are 
restrictive. Here we are concerned not with the methods for computation of the view 
factors, but with methods for treating time dependence in view factor codes. 

In the simplest view factor codes the geometry is fixed, specified albedos (the fraction of 
incident radiation that is diffusely reflected or emitted) are used to describe the surface 
properties, and the times of flight between the surfaces are ignored. However, for many 
physical problems these simplifications are unsatisfactory. First, the surfaces may have 
anisotropic properties. Second, the surface properties may be time dependent or depend on 
the condition of the surface, which may change with time. For some problems (e.g., some 
radiation symmetry studies) it may not be necessary to treat the time dependence of the 
surface properties, but in most cases changing surface properties are very important. Third, 
the geometry can change significantly when the surfaces move (e.g., in response to rapid 
heating), and fourth, for some problems (e.g., illumination of an interstellar cloud by a 
supernova) the radiation may be rapidly varying on a time scale shorter than the time of 
flight between surfaces. Finally, many problems involve a tenuous medium between the 
surfaces [2]. 

For the case of anisotropic surfaces properties it is possible to use angular bins, but it is 
often more convenient to use angular moments of view factors: 

C ",* = II d,i2 COS"+' a, COS a2 dA, dA, . 

For other problems, more detailed treatment of time changing properties of the surfaces 
must be considered. For example an opaque surface may absorb and re-emit radiation. If 



that surface is optically thick and has uniform temperature the radiation will be Planckian, 
but this is seldom the case for a dynamic problem. It can be shown that for planar 
geometry, the first angular moment (n=l) of the view factor is sufficient to treat the 
anisotropy due to a simple gradient in the source function: 

pdI/dT = - I + S  

where p = cos a , I is the radiation intensity, ‘I: is the optical depth, and is the source 
function. This has the formal solution: 

d W ,  I = - I, s e(T-ToYp 

So that if S = So + S’z, then 

I,,, = - ( So + S’z ) e-T’p dz/p 

which leads to 

I,,, = so + S’ cos a .  

Thus, the first moment of the view factor is sufficient for treating a constant gradient of the 
source function in an opaque surface. Absorbing surfaces exhibit limb brightening, which 
is analogous to limb darkening seen for emitting surfaces such as the sun. This can lead to 
radiation energy flowing in the direction opposite that which would be dictated by energy 
density gradients computed in a diffusion code, which emphasizes the need for matching 
the computational technique to the physical problem. 

There are some cases in which the time of flight becomes important, and also some work 
has been done on including the effect of a (more or less complex) medium between the 
surfaces [2]. Henceforth, we confine our discussion to time dependent surface properties 
and handling the effects of time of flight. We will discuss some specific models, but there 
are many special applications of view factor codes that require other approaches. We only 
suggest ways to handle changing geometry, since we have never implemented this 
capability . 

Models for AbsorbingRe-emitting Surfaces 

While there are many ways to model changing surface properties, one of practical interest 
for inertial confinement fusion (ICF) is the use of non-linear heat diffusion [3]. In ICF 
hohlraum problems [4], soft X-ray radiation is absorbed by the surface which (as it heats 
up) emits soft X-ray radiation with a different spectrum, until it comes into equilibrium 
with the other surfaces that couple with it. Once equilibrium is obtained (if ever), the 
emission comes into balance with the incident radiation, so the effective albedo is unity. 
Otherwise, it differs from unity in a complex way that depends on both the amount and rate 
of the incident radiation. 

There are several options for modeling these types of surfaces. One that has received only 
a little attention is the uniform flux approximation [5 ] .  It is based on the observation that in 
the similarity solution for the non-linear heat diffusion equation with a power law opacity, 



the flux deep into the surface is nearly uniform up to he head of the diffusion front, where 
it diminishes rapidly to zero. See Figure 2. If one neglects the radiation energy density 
(aT4) relative to internal energy of the material, an integral relation connects the flux history 
with the depth of penetration for a power law opacity dependence on temperature (K = K, 

8," / 8" ) can be found: 

E(t) = c,T(x,t) dx = (n+4) c, xo(t) To(t) / (n+5), 

xo(t) To(t) = 4 2K dt , 

where x is the depth (in gm/cm2), K = 4ac(n+5) / (n+4)2 C,K, 8," , To(t) is the boundary 
temperature, and xo(t) is the penetration depth. This leads to 

f(t) = K Ton+5 / 4 dt , 

but since f(t) = F(t) - CT T:(t) , 

F(t) = CT T: + K Ton+5 / 4 dt . 

Inversion of the results from the last equation provides To( F(t), t ) . Use of the uniform 
flux approximation is restricted to a constant or continually increasing temperature at the 
surface, which this is typically the case for ICF, because it fails badly when the boundary 
temperature starts to decrease. It is also possible to get a solution for the case of an 
arbitrary dependence of opacity on temperature. 

Another option is to do a radiation hydrodynamics calculation for each surface and couple 
them to each other through the view factors. However, a simplistic implementation of this 
approach may compromise some important physics. Some years ago a modified radiation 
diffusion treatment was developed to allow the in-depth absorption of radiation form a hot 
source, yet utilize efficient radiation diffusion in the deeper zones in a 1-D problem [6]. 
Starting with the formal solution 

The intensity is split into direct and diffusion parts: I = I,, + I,, , where Idir = Iinc , 
Iinc is the intensity of the radiation incident on the surface, and I,, is the contribution to the 
intensity of the radiation that due to the source function inside the opaque surface. 
Integration over angle to get the flux results in: F = F,, + F,, , where 

and F,, = 47~S'(2){ 1 - ( 1  + ~ / 4 ) e " + ~ ~ E ~ ( 2 ) / 4 } / 3  

Rather than use a flux or temperature boundary condition as is often done for diffusion 
problems, the exponentially attenuated radiation that should be absorbed by each zone was 
calculated and used as a source of heating. Properly applied, this allows the effect of both 
hot Planckian sources and non-Planckian sources, as well as an anisotropic distribution of 
sources to be treated. An additional modification allows the anisotropic re-radiation to be 



treated. Thus effects such as limb darkening (as is the case for the sun) and limb 
brightening can be included. 

Time of Flight 

Only a little work has been done on including the time of flight effects in view factor codes. 
This is because for most practical problems it is not important. However, for the case of 
sudden illumination of an interstellar cloud by a supernova, or some similar physical 
problem, the distant observer sees the cloud first illuminated and then the light scattered 
from the cloud reaching the distributed parts of the cloud. Analytic solutions for the case of 
a spherical shell surrounding a central pulsed source have obtained [7,8]. If the scattering 
has a high effective albedo, then multiple brightenings may occur. Similar behavior can 
occur in fast diagnostics for ICF, etc.. 

One successful method for treating time of flight uses temporal bins associated with the 
destination surface. Here, the energy emitted by each surface during a time step is 
apportioned to the proper destination surface in accord with the view factor for each pair, 
and then the portion is divided between two temporal bins for the destination surface based 
on the centroid time of flight of flight between the pair. Between each time step, the 
energies in all the bins are shifted, so that after several (constant) time steps the energy 
emitted earlier arrives at the destination surface. This is illustrated in Figure 3. Numerical 
results compare favorably with the analytic results of Hoffman [7] and Zahrt [8]. An 
attempt to improve on this approach by using a time of flight weighted by the contribution 
to the view factor gave nonsensical results. For the case of a cylindrical pipe the radiation 
using the weighted times of flight can travel at super-luminal speeds to the other end. Only 
in the case of very few surfaces does the use of weighted times of flight seem to improve 
the relevant conservation property: the sum of the products of the distances between surface 
pairs and the view factors should be 47c times the volume. 

The above method is restrictive, requiring a constant time step. In addition, no distinction 
is made between the various source surfaces, so information on the angle of incidence for 
the radiation arriving at the destination surface is lost. Retention of this information would 
require a set of temporal bins for each pair of surfaces. Memory requirements would then 
limit the total number of surfaces that could be used in the problem, but the faithfulness to 
the physics would be greatly improved. However, another way to retain the angular 
information with less expense for memory is to use angular moments of view factors, 
using a destination based set of temporal bins for each moment included. To my 
knowledge, this has not been done. 

Changing Geometries 

For most problems that view factor methods have traditionally been applied to, the 
geometry is fixed. This means that the view factors can be computed once and used over 
and over again to solve the problem. However, there are some problems that are most 
efficiently handled by view factor methods which do have changing geometries during the 
course of the solution. One crude approach would be to simply recompute the view factors 
at intervals, but since the expense for computing the view factors for N surfaces goes as N2 
at best, and as N3 for cases with a great deal of partial blockage @e., shadowing), this 
could be very expensive for complex problems requiring a large number of surfaces. 

However, there is some hope for handling problems involving changing geometries. First, 
it should be noted that for surfaces with no blockage the straight-forward double areal 
integral for computing view factors can be transformed into a double line integral [9]. This 



means that if a surface changes shape (e.g., is warped) but does not change its boundary as 
seen from the other surface of the pair, then the view factor doesn’t change. Second, view- 
factors scale. If two surfaces are moved apart and expanded to keep the angular outline the 
same, then their view factors are unchanged. Therefore, for a geometry that changes due to 
a uniform expansion (or contraction) of the whole problem, all the view factors remain the 
same. If a surface is uniformly tilted, then to first order the change in the view factor is 
proportional to the change in the cosine of the angle between the normal of the tilted surface 
and the line between them. Finally, the viewfactor for a surface that is so warped as to slop 
across its apparent original boundary changes only in proportion to that part which slops 
across the original boundary. This means that small changes in geometry can be handled 
by simply scaling the view factors appropriately. One can periodically recalculate the view 
factors to track the accuracy as scaling effects accumulate over many time steps. 

Potential Non-Radiation Applications 

The potential applications of view factors are many. They have traditionally been used for 
radiation transport across a vacuum, but can also be used for molecular flow problems 
(e.g., vacuum systems) and any other problems for which many surfaces are coupled. For 
molecular flow the molecules have a distribution of speeds, so that multiple temporal bins 
are necessary to properly treat this problem. For problems with hot and cold surfaces a 
large number of temporal bins may be necessary. 

In solar heating the geometry of a building is fixed, but the sun angle is continually 
changing, and the temperature of the internal structures that store the absorbed radiation are 
continually changing. In addition, some solar heating systems use shutters, etc.. To my 
knowledge, view factor codes have not been applied to solar heating problems, but the 
potential for application is significant, especially for artificial satellites and other space 
engineering applications [ 101. 

In gas chromatography a gas carrying a mixture of volatile gasses is introduced into a 
column and the column selectively adsorbs the various volatile gasses. At the end of the 
column the gas conductivity is measured and the temporal change is used to identify the 
volatile gasses in the mixture. A time-dependent viewfactor approach might be useful for 
modeling complex gas chromatography columns. 
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c12 
cos a, cos a, dA, dA, 

Figure 1. The view factor VF = C12/ AI,, 
where C,, is a symmetrical coupling coeficient. 
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Figure 2. Uniform flux approximation. On the left, the 
dashed line represents the actual flux (0 profile and the 
solid, the approximation. On the right is the temper-ature 
(T) profile that corresponds to the uniform flux. x,(t) is 
the penetration depth measured in gm/cm2 at time t. 
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Figure 3. Use of numerical bins to provide time dependent 
transport of radiant energy between view factor surfaces. 
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