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Numerical Study of Aqueous Humor Flow in Human Eyes
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Abstract: The study of intraocular aqueous humor (AH) flow is helpful to understand the mechanism of some
eye diseases such as glaucoma. A numerical study of AH flow inside human eyes with the computational fluid
dynamics (CFD) were carried out to address the following flow processes: AH secreted in the posterior cham-
ber by the ciliary body entering the anterior chamber through the iris-lens gap of 5 pm and 30 pm respectively,
and discharging through the trabecular meshwork (TM). Detailed flow fields in different eye orientations were
analyzed. Results show that, in general the intraocular pressure distributions are similar in all cases; the pres-
sure in the posterior chamber is around 30 Pa higher than that in the anterior chamber with the 5 pm iris-lens

gap, and they are almost equal with the 30 pm iris-lens gap. The pressure drop in the TM is noticeable. The
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pressure difference between the anterior and posterior chambers drives AH from the posterior chamber to the
anterior chamber, while the temperature difference between cornea and iris surfaces causes the natural convec-
tion, which is the dominant flow in the anterior chamber. The pressure difference due to natural convection is
in the magnitude of millipascal, and the higher-pressure region forms where warmer AH gathers. For the verti-
cal orientation, warmer fluid rises along the iris surface and then turns downwards as it encounters the higher
resistance in the upper TM regions. The flow then descends along the corneal surface toward the lower TM. For
the upward-facing position, AH entering the pupil rises along the center line of the anterior chamber, and
moves down along the cornea surface leading to axisymmetric recirculation zones. For the downward-facing po-
sition, the circulation route is opposite to that of the upward-facing position. With no buoyancy, the averaged

velocity will be 1 to 2 orders of magnitude smaller than that with buoyancy.
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Tablel  Properties of AH used in simulations

parameter value
density p /(kg/m*) 990
viscosity u / (Pa-s) 7.1x107*
heat conductivity k /( W/ (m-K) ) 0.58
heat capacity ¢, /(1/(kg-K)) 4200
volume expansion coefficient 8 /K™ 3.2x107*
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Fig. 1 The intraocular flow domain and its boundaries Fig. 2 The computational mesh
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H B R R AE 107 m/s 52,30 wm B8 107 m/s 2.

3) Ja K s B R 2R S Y Poiseuille 30, T AT 55 B K It o)) 32 B2 0 0T 65 ff R 22 5 1 2 19 B
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AR TR, O A PR 25 AR TE 4 A S, 15 s Ll s 7K D A iz 3l B R AL AL, ey T 22 g iR i

T, A bR AR IN B B3 F SR D R B TR 25 A8 AR 7E mPa 4%, T RE e s /K I 4R XU T Al v
FAJ Sfg X s 7K U =2 T PR 3AE TR 5 SRS e It P S S e PR A T 5
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