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In this paper, the seamless immersed boundary method is applied to the ecosystem simulation. In the ecosystem
simulation, the governing equations for ecosystem variables are solved together with the incompressible Navier-
Stokes equations and the energy equation. In the seamless immersed boundary method for ecosystem equations,
the additional terms which satisfies the boundary condition are estimated similar to the external heat flux term
in the energy equation. As a lake model, the rectangular region with inflow and outflow parts is considered. The
simulation in winter without chemical-biological submodel is carried out. As a result, it is found that the thermally
induced large circulation can be reappeared. Then, it is concluded that the seamless immersed boundary method

shows the effective property for ecosystem simulations.
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Tab. 1: Definition of each process in the chemical-bio-
logical submodel.

’ Symbol ‘ Process
B: primary production of phytoplankton
Bs respiration of phytoplankton
Bs extracellular release of phytoplankton
B, mortality of phytoplankton
Bs sinking of phytoplankton
Bg grazing of phytoplankton
By grazing of POC
Bsg respiration of zooplankton
By egestion of zooplankton
By mortality of zooplankton
B decomposition of POC
Bis fraction production
B3 sinking of POC
Bia decomposition of DOC
Bys release of phosphorus from bottom
Bisg release of nitrogen from bottom
By7 consumption of oxygen from bottom
Bis aeration
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Tab. 2: Definition of parameters in the chemical-bio-

logical submodel.

Symbol(Value)

Definition

Rpoc (= 0[ngC/l/s])

flux of POC through rivers

Rpoc(=0[ngC/l/s])

flux of DOC through rivers

Rprp(=0[ugP/l/s])

flux of inorganic phosphorus through rivers

RprN(=0[ugN/l/s])

flux of inorganic nitrogen through rivers

Rpo(=0mgO/l/s)

flux of oxygen through rivers

[Chla : C](= 0.05)

[(ng/1)/(rgC/1])

ratio of chlorophyll a to carbon in phytoplankton

[P : C](= 0.05[—])

ratio of phosphorus to carbon in organic matters

[N : C)(= 0.5[—])

ratio of nitrogen to carbon in organic matters

[0 : C)(=4.92 x 10~ 3[—])

ratio of oxygen to carbon in organic matters

G p(2[1/day))

maximum specific growth rate of phytoplankton

0p(=1.05[-])

temperature coefficient of phytoplankton

Ip(=100[J/m?2/s])

optimum light intensity for primary production

Io(= 360.75[J/m?2/s])

light intensity water surface

k(= 0.3[1/m])

base extinction coefficient of the lake

k1 (= 0.02[1/m])

extinction coefficient based

on the concentration of chlorophyll a

Kprp(=2[pgP/l/s])

half saturation constant of phosphorus

Kprn (= 2[pgP/1/s])

half saturation constant of nitrogen

Rp (= 0.03[1/day])

specific respiration rate of phytoplankton

Bp(=0.13]-)

ratio of extracellular release to primary production

yp(= —8.44 x 107 4)

[1/ (g /DD

coefficient for extracellular release based

on the concentration of chlorophyll a

Mp(=1x10"4)[1/(pg/D])

mortality rate of phytoplankton

wp (= 0.1[1/day])

sinking rate of phytoplankton

Cg (= 0.65[1/day])

specific grazing rate of zooplankton

(= 0.007[])

Ivrev constant

K (=0[pgC/l])

threshold of grazing of zooplankton

07(1.05[-])

temperature coefficient of zooplankton

Ry (= 0.15[1/day])

specific respiration rate of zooplankton

az(=0.6[-])

assimilation rate of zooplankton

My(=5x 104

[1/(ng/day)])

mortality rate of zooplankton

Ro (= 0.05[1/day])

relative decomposition rate of POC

60 (= 1.056[—])

temperature coefficient of decomposition of POC

(= 0.25[—])

ratio of fraction production of DOC

to decomposition of POC

wo (= 0.5[1/day))

sinking rate of POC

Rp (= 0.002[1/day])

relative decomposition rate of DOC

0p (= 1.05[—])

temperature coefficient of decomposition of DOC

hy (= 1/30[m])

thickness of the grid just above water bottom

KpO(= 3[1/day])

aeration rate
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Fig. 2: Computational domain.

Tab. 3: Computational condition.

Domain 14 x5
Grid points 280 x 100
Grid spacing Ax = Ay =1/20
Time step At=1.0x 1073
Grashof number | Gr = 103
Prandtl number | Pr="7.1
Reynolds number | Re = 100
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Fig. 3: Flow and ecosystem fields at t=800.

=

T & R & DRI & DR &
ST, {1[L)\'3“5(A7Jdﬁ75‘{3ﬂfé€’\ &
fJ %NIL\VC % E) — ®ﬁ%E$E1EI%{JIL
55 BRENZ X L, %@1&(‘*%%%
&g, Z’Kﬁ%nkj’b‘b‘f , }lu)\{ﬂuﬁ
DERZREER & UTREL,
bfhé.EENﬁbwiD%W%
RS - ARG L IR
JF%ﬁﬂiﬁﬁi;ﬂﬁﬁﬁ ERSNT, WoH
o T, MEPGD AL S T IRE
RN DS e
AL oNG.

EE WA
&

RFEE S
G SahS OUR
ﬂ'%&cﬁ%

: xﬁ%&@&»«
ﬁ%%ﬁﬁ@ﬂﬁﬁ%ﬁ
2

AL

bt

H
ti-

<
@

N ULE wa
OB Y TR B D O DY

(SO AL RESARC C Hp S

(g-de
-

<~
P
-
l

Copyright (© 2015 by JSFM



Temperature (t=1000).  Concentration (t=1000).

Fig. 4: Flow and ecosystem fields at t=1000.
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