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Numerical Analysis of Saltation of Sands and Its Application to the Nishimori Model of Ripples and Dunes
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Abstract

Ripples and dunes are aeolian landforms which are formed by erosion and deposition of sands. The
typical wavelength of ripples and dunes are of the order of 1 cm and 1 km, respectively. A cellular
automaton model of the formation of ripples and dunes is proposed by Nishimori and Ouchi (1993). 1
hereafter refer to this model as ”the Nishimori model”. Nishimori and Ouchi (1993) modeled the flight
distance of a sand particle to be a linear function of the bed height at the position where the sand
leaves the ground. In this study I numerically examined the validity of the function by calculating
the motion of a sand particle. First, I numerically solved the equations of incompressible fluid to find
a steady flow field above a sinusoidal sand bed. Second, I solved an equation of motion of a sand
particle in the steady flow. The resulting relationship between the bed height and the flight distance
is approximately linear, suggesting that the model of the flight distance in the Nishimori model is
reasonable. However, the flight distance is better approximated by an exponential function of the bed
height. I therefore applied the exponential model of the flight distance to the Nishimori model. Little
qualitative difference was found between the results with the new and original equations, but some

quantitative differense in the shape of ripples were recognized.
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SUB Imaginary_\Velocity_Under_Bed (u, w)

DO i =1, Nx
DO k =1, Nz
IF (h(x(i)) - dr < z(k) <= h(x(i))) THEN
ui, k) =0
w(, k) =0
END IF
END DO
END DO
END SUB

SUB Imaginary_Pressure_Under_Bed (p)
DO i =1, Nx
DO k =1, Nz
IF (h(x(i)) - dr < z(k) <= h(x(i))) THEN
pli, k) = 2x*p(i, k+1) - p(i, k+2)
END IF
END DO
END DO
END SUB
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SUB Velocity_Prediction (u, w) SUB Pressure (p)
DO i =0, Nx+1 DO
DO k =1, Nz+1
u_tmp(i, k) = uli, k)
w_tmp(i, k) = w(i, k)

DO i = 0, Nx+1
DO k =1, Nz+1
p_tmp(i, k) = p(i, k)

END DO END DO
END DO END DO
DO i =1, Nx CALL Imaginary_Pressure_QOver_Top (p)
DOk =1, Nz CALL Imaginary_Pressure_Under_Bed (p)
IF (h(x(i)) < z(k)) THEN CALL Periodic_Pressure (p)
udi, k) = ... (30)
w(i, k) = ... (30) is_finished = TRUE
END IF DO i = 1, Nx
END DO DO k = 1, Nz
END DO IF (h(x(D)) < z(k)) THEN
END SUB pli, k) = ... (33)

IF (€p < (pli, K)-p_tmp(i, k))**2) THEN

SUB Velocity_Correction (U, w) is_finished = FALSE

DO i =1, Nx END IF
DOk =1 Nz END IF
IF (h(x(i)) < z(k)) THEN END DO
uli, k) = ... (34) END DO
wii, k) = ... (34)
END IF IF (is_finished == TRUE) EXIT
END DO END DO
END DO END SUB
END SUB

011 OO0oOoO0OOOO0OO0OOoOoOooooooooon
[D0oDoD000000000,0000,0000000000000]

* 00000000, 000000000 N, xN,ODOOOOO

10



3.3 OO 3 O0O0OoOooono

PROGRAM Main
(Declaration & Initial State)

CALL Imaginary_Velocity_Over_Top (U, W)
CALL Imaginary_Velocity_Under_Bed (u, w)

DOn=1,N
CALL Periodic_Velocity (u, w)

CALL Velocity_Prediction (u, w)
CALL Periodic_Velocity (u, w)
CALL Pressure (p)

CALL Imaginary_Pressure_QOver_Top (p)
CALL Imaginary_Pressure_Under_Bed (p)
CALL Periodic_Pressure (p)

CALL Velocity_Correction (u, w)
END DO
END PROGRAM
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~ WU, k42 — Uik Wi4-1,k4+1 — Wi—1,k+1
Tik+1 = pV

2Ar 2Ar
oogg

SUB Shear_Stress_On_Bed (7h )
DO i =1, Nx
DO k =1, Nz
IF (h(x()) <= z(k) < h(x(i)) + dr) THEN

IF (z(k) < h(x(i-1))) THEN
7(1) = ... (39)

ELSE IF (z(k) < h(x(i+1))) THEN
7(1) = .. (39)

ELSE
7(1) = ... (39)

END IF

T(2) = ... (40)

o (i) = 7(1) + (7 (2)-7(1)/drx(h(x(i))-z(k)) (37)

END IF
END DO
END DO

END SUB
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ooooooao
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4.2 00D0O0D0ODODODO 4 0000000

SUB Length (I)
DO i = 1, Nx
& = x(i)
¢ = h(x(i)
£'= (75/0)%° cos(6 + arctan(dh/dx(x(i))))
¢ = (76/0)%5 sin(@ + arctan(dn/dx(x(i))))

is_landed = FALSE
loop_count = 0

DO

& + dtx &7 (44)
T+ dtx ¢’ (44)

3
4

IF (x(Nx) < &) THEN

E§ = & - x(Nx)
loop_count = loop_count + 1
END IF

IF (z(Nz) < {) STOP

IF (T <=nh(&)) THEN
I(i) = & — x(i) + loop_count*(x(Nx)-x(1))
is_landed = TRUE

END IF

IF (is_landed == TRUE) EXIT

DO i = 1, Nk
DO kk = 1, Nz
IF (x(ii) <= & < x(ii+1) AND z(kk-1)) < ¢ <= z(kk)) THEN
= ... (41)(43)
U= ... (41)43)
END IF
END DO
END DO
END DO
END DO
END SUB
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