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Abstract

Invasive methods in measuring eye temperature are normally dangerous. Therefore, com-
putational models can be used as a useful tool to study the heat transfer in human eye. The
previous two-dimensions (2D) models were not able to describe the heat analysis of the eye
precisely. This study presents a 3D finite element eye model which smulates the eye tem-

perature distribution in steady state condition.

Our results show a discrepancy of 3.61%,

maximum, when compared to the experimental ones. We calculated a maximum temper a-
ture of 36.966 T and minimum of 34.606 T which are in reasonable agreement with litera-

tures.
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I ntroduction

The rate of eye diseases has been increased itopiene
countries since last decades. The main reasons@ias
ated with the food diets and the life style in thascie-
ties. The mathematical and computational modeldrere
tools for studying of the biological systems andybwabe

used for early diagnosis of the eye diseases. ihigry

important for treatment of the diseases becauseophe
tometrist enables to perform related clinical tneexts.

In the early of 1950s, non-invasive techniques wesed
to obtain temperature of a cornea surface . Erfad H]
obtained results of the ocular surface temperatsieg
infrared imaging approach to have a mean of 34uhile
Purslor et al [2] reported a variation of 33.9 #.13C.
E.Y.K.Ng et al [3] presented a 2D model and sinadat
the eye structure using finite element method. Thégr
obtained ocular surface temperature using a bictpa-
tion [4]. Ean-Hin Ooi et al [5] simulated the aquediu-
mor hydrodynamics in the eye heat transfer. Shataxd
[6] modeled the heat exposure and damage to thieeye
in 2007. Eric Li et al [7] studied the bioheat s&ar in the
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structure. We have calculated the temperatureilzliion
and heat flow inside the eye. We have picked sirtpan
the structure and studied the effects of conveatimeffi-
cient, blood temperature, ambient temperature aage
ration rate in the model. We do not claim thatriedel is
perfect due to lack of experimental data on hunyanbeit
believe that computational modeling can help the re
searchers to understand the thermal mechanismiein t
eye much better.

Materials and M ethods

Using the literature anatomical data [3] for 2D mbdf

the eye, we have constructed the 3D model by CATIA
software.The complete 3D structure has been shown i
Figure 1. The model is discretized using triangudks-
ments. The number of elements is found to be 5@3@&5.
generated mesh for the eye structure has been simwn
Figure 2. We have considered the value of bloodreon
tion coefficient at sclera equal to 65 Vikm9]. Blood
temperature entering the eye is taken ag&C3[B]. The
ambient convection coefficient was assumed to be 10
w/m?k [10] while the ambient temperature is 7G.

eye using the 3D alpha finite element method in0201 Emissivity of the cornea was considered as 0.92% [

Shafahi et al [8] studied the eye response to thkedis-
turbances and analyzed the role of primary thetraalks-

and the evaporation rate of the normal eye wasnasgu
to be 40 w/m he properties of the human eye for differ-

port mechanisms on the eye subject to differentdeon ent domains were extracted from the literature Bhsed

tions.

In this study, we have developed a threeen the above values, we have considered appropriate

dimensional finite element model of the human eyd a boundary conditions for the model. Thereafter, gidin

investigated the heat transfer the heat transféneneye
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eye was analyzed and various simulations were echrri . AR
out using ANSYS software. W have considered thadste : :
state thermal condition and applied the convectiadia-
tion and heat to simulate the heat transfer iregreestruc-
ture. The convection was applied for cornea andracl
The temperature of cornea is the same as the anthien
it is the same as blood temperature for sclera.lda is
radiated from cornea as well; therefore emissivithue is
applied for it. It should be noted that heat fluirmally
occurs in cornea. The simulation was run for sifingel
points O,A,B,C,D and E which relate to the corraat
face, anterior of aqueous humor, anterior of lamserior
vitreous, posterior of vitreous and the sclera resgnted
in Figure 3.

Results

Figure 3. The six selected points which the simulation

The results of the simulation can be analyzed agrd d results have been studied on them

cussed by different variations and parameters. réigu
shows the temperature distribution in the eye &irec
The minimum obtained temperature is 34.6W6 When — ANSYS

the heat moves from the cornea towards the opticese
the temperature increases by the maximum of 36866
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Figure 4. The contour of temperature distribution for the
eye structure.

tion leads to decreasing of corneal surface tenyrera
The reason is that heat transfer increases fromutface.
Figure 5 and figure 6 show the effects of blood anmbi-
ent convection coefficient on different picked pein
along the eye structure. Figure 7 represents tleetedf
the ambient temperature on the structure. An irsered
the temperature causes the increase of differems pé
the eye. The effect of increasing the blood tentpesa
has been shown in Figure (8). Obviously, the eye-te
perature increases due to increase of blood tetupera
The cornea surface contains a layer of lipid tlsaprio-

]

e duced by the meibomian glands [12]. When the lager
_ damaged, the rate of evaporation increases to 320
Figure 2. The generated mesh for the model. w/m?[13]. We have shown the effects of the evaporation

rate in Figure (9). The temperature of the eye ihas

. . . creased with the increasing of the evaporation rate
Effects of blood and ambient convection coefficishall g P

be considered as the most important factor forystfd
heat flow in the eye. The increase of the ambientec-
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Figure 5: The effects of blood convection coefficient on the eye temperature for the selected points: O, A,B,C,D and E.
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Figure 6. The effects of ambient convection coefficient on the eye temperature for the selected points: O, A,B,C,D and E.
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Figure 7. The effects of ambient temperature on the eye temperature for the selected points: O,A,B,C,D and E.
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Figure 8. The effects of blood temperature on the eye temperature for the selected points: O,A,B,C,D and E.
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Figure 9. The effects of evaporation rate on the eye temperature for the selected points. O,A,B,C,D and E.

Discussions more. The important point is to see whether thaltesf

the modeling are reliable. The ambient temperaha®
Scott [14] and E.Y.K.Ng [3] showed that the mai p been considered 26 in our model however the tempera-
rameters affecting the eye temperature are bloogeea- ture was different from 20 to 26 in the previous simula-
ture, ambient temperature and evaporation rateh@ve tions. Therefore the effects of ambient temperaturéhe
tried to simulate the effects of theses parameaiarshe eye were different in the simulations. On the otfend,
different parts of the eye. We have calculatedrttiei-  the thermal conductivity and material propertiesiolth
mum and maximum eye temperature using the temperaere applied in the previous simulations are qditker-
ture contour which was shown in Figure(4) where theent therefore, the results are different. Howetlee, rate
minimum temperature was 34.€%. The temperature has of discrepancy is the best factor for comparisorthef
been compared to the others results in accordaitbe wmodeling results to the literature. One reasonldoking
the literature [15,16,17,18]. The rate of discregyabe- of experimental results is that invasive methods rax-
tween our result and the literature varies from¥®.®  quired for collection of clinical data however theseth-
4.07%. It should be noted that the minimum tempeeat 0ods can only performed on animals. Therefore, the d
belongs to point O which is the most sensitive pathe tailed verification of the simulations is limitetVe be-
eye structure [14]. We have compared obtained ¢éeap lieve these types of simulations, including our eipd
tures to E.Y.K.Ng's results [3] and found out a meate represent a good understanding of the temperatstie-d
of discrepancy equal to 2.7%. The rate of discrepan bution in the eye structure and could be a usefll for
between our other results and the literature stlean 3% the students to be familiar with the effects of thiaax
but we have not included the comparison of the daga inside the eye.
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11.

Conclusions

We introduced a finite element model of heat flonthe  12.

eye structure under steady state condition. Duadio of
experimental data and clinical observation, thdficar
tion of the results was only performed using avéda
literatures including previous simulations. However
have presented a 3D model which can calculate ybe e
temperature more suitable than a 2D model. The stept
could be the study of heat flux in the eye using steady
condition and blood flow inside the eye arteriey. tBe
way, we believe the model can help the biomedingi-e

neering students to be familiar with the streanmedt in = ;¢

the eye structure although we require better mattieai
and computational models.
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