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Background and Obijectives: Modern aquaculture faces significant
challenges, including the inefficient distribution of feed particles and
inadequate management of solid waste in culture ponds, both of which
adversely affect water quality and fish health. Poor hydrodynamic
conditions in fish ponds can result in low hydraulic efficiency, the
formation of dead =zones, and flow short-circuiting. Recirculating
aquaculture systems (RAS) incorporating octagonal ponds offer promising
solutions for intensive fish culture. Consequently, the proper design of
these ponds is essential to ensure uniform feed distribution, effective waste
removal, and optimal hydraulic performance. The present study aims to
investigate the effect of submerged flow inlet system configurations on the
residence time distribution of feed particles and hydraulic efficiency in
octagonal culture tanks, with the goal of optimizing feeding performance
and water circulation.

Materials and Methods: This study was carried out through laboratory-
scale modelling in an octagonal pond (100 x 100 x 50 cm) with a water
depth of 20 cm. A submerged vertical inlet system equipped with three
nozzles and five different configurations (B, to Bs) was employed to create
both uniform and non-uniform flow velocity distributions throughout the
water column. The total inflow rate was set at 3 liters per minute, resulting
in a theoretical residence time of 60 minutes across all experiments. The
experimental procedure was divided into two main parts: (1) evaluation of
the residence time distribution (RTD) of feed particles by injecting 10
grams of feed and weighing the remaining/discharged mass, and (2)
assessment of hydraulic efficiency through tracer injection and
measurement of RTD curves. Hydraulic efficiency was evaluated based on
the ratio of actual to theoretical residence time and classified into three
levels: poor, acceptable, and high.

Results: The results of the hydraulic efficiency experiments indicated that
configuration By, with an efficiency of less than 35%, fell into the 'poor’
category. This was attributed to insufficient momentum and the
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development of extensive dead zones, which corresponded to the highest
amount of residual feed (5.63 g). Configurations B4 (50% efficiency) and 3,
(efficiency below 60%) were classified as ‘acceptable’. In contrast,
configurations 3 (approximately 85% efficiency) and Bs (75% efficiency)
demonstrated the highest hydraulic performance in the present
experimental study, placing them in the 'high' efficiency category. These
two configurations promoted effective flow mixing and minimized dead
zones. Similarly, they exhibited the lowest levels of residual feed—4.52 g
and 4.79 g for Bs and s, respectively—highlighting their superior
performance in managing the residence time of uneaten feed. The Ps
configuration, characterized by an increasing velocity profile from the
surface to the tank bottom—thereby maintaining lower velocities in the
upper water layers—provided the optimal balance between high hydraulic
efficiency and favorable conditions for cold-water species such as rainbow
trout, which are sensitive to strong currents and sudden temperature
fluctuations and therefore require stable hydraulic environments.
Moreover, analysis of the RTD curves supported these findings:
configuration f; displayed an early and narrow peak, indicative of
short-circuiting within the pond, whereas configuration Bs exhibited a
delayed and broader peak, reflecting optimal flow mixing conditions.

Conclusion: The present laboratory study highlights that selecting the
optimal configuration of a submerged inlet system plays a critical role in
enhancing feed utilization efficiency and improving water quality in
octagonal fish farming ponds. Intelligent design strategies for distributing
flow velocity throughout the pond's water column—such as the fs
configuration—can significantly contribute to achieving both high
hydraulic efficiency and favourable hydrodynamic conditions for fish.
These improvements are essential for ensuring the sustainability and
operational efficiency of the aquaculture industry.

Cite this article: Moghbeli, Atefeh, Fatehi, Tahmine, Zounemat-Kermani, Mohammad. 2026.
A Laboratory Investigation of the Effect of Inflow System Configuration on the Hydraulic
Performance of Octagonal Fish Ponds. Journal of Utilization and Cultivation of Aquatics,
15 (2), 171-188.

© The Author(s). Doi: 10.22069/japu.2025.23883.1969

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

Wy


https://doi.org/10.22069/japu.2025.23883.1969

LR 097952 9 (81220 Rt g puiid
YYLo-£YYX 1 ol LLs

Ol gl () ol ale ezl
Iranian Ornamental Fish Society (IOFS) Y‘ﬂi O—ZYAA :OJwi L’ LMJ

Yeionsin ol

2ol 6993 Slolw iy S il KA 3T asdlian
Pl 39 93 HhoCud SBARS 5> (S g joud O Shos

T Gl S Ceanisd e (| 0l diegs (| shde aible

Ol 0ls oS el aes MKl (eiuslas el Ol ede 5 el 685 el il )
atefeh.moghbeli@agr.uk.ac.ir :4.ll|,

Ol ObS WleS el agd oKl (giysliS s Ol kige 5 psle Al lES gemiils Y
fatehi.tahmine@gmail.com :4.UL|,

zounemat@uk.ac.ir :asbLl, .0l 2l Ol S Ole S sl g olKils Ol jos wtige 05,8 slial (st ol 55 Y

a.\& i Sl
Co e 5 STy 3 el 86 o5 A bl b Oy GospSnl idas 5 able Wl g g

B Obale ot 5 T CdS 1S ol axlsn s Glaamad s 55 el sladileny Rk moede LS Al
STk Okl 4 e ale s Glaams s ollasl Salusgyda 3108

L’LS‘:“?JP: 6));&6;41 6@@\»@ Q‘}A:JLSA C).,\Aol.;}s Jliﬁ'jéﬁjﬁ f‘f@}"g‘:";‘dﬁh .

. VERE/ BT s b

) \i'i/'O/'O:uﬁgJﬁ}'cJU

. v RN

b S Sl el 5 Sos Gua L Lol Gl Sl ae (Sgsis Slely c

BE v&:jj)@ L)Lﬂ.’u\) E) 6‘)}} Qb: Ll ULAJ G))J ] éM L)LU:- RLEBE] £l

.g:,MIgiu'::;)fjdm&\)f-bil&péjb%&g:g‘fuguéuw? (IS slasils

_ _ Ol 5505 XSy

hocia ams e K g AL Giledde ol aallas ts By, g sl .

(O _xmn

G358 (53555 Blobe G pll e L Y o Ges b Gramle Ver x Yew x 00)

5 CHES mis oskee Bs U Py il S w5 DU e b B A

Sy Ll Ol L

Pl s b

o a4 653555 Ol JS o3 s S Ol Gas s 0L G 15K L clooia
b iolosl s s a3t plad 53 4i3s \r (58 Lile Oloj orge & A (ol s 2 S Ol

S0 5 S f,j" Gy L) Sl olyd kb b &35 el ol S s s &ﬁd}jﬁdﬁiﬁub
Gl e S 03Ihl 5 Obsy Jsbos 355 L Ssies Obekily 5 (il adsi/odils 3L (RAS)
a3 5 Sos8 a ly Ll Ol s el (S ssdes Olely LA el (RTD)

vy



Yo 5l 5aS 0Lkl b Br sy Sy ool 0las (S ssder Ol slailesl = el
03,0 bl JSi5 5 BL LS s 4 ol ol (038 513 " Caws” engdoms 53 il
Olekil) By cdls ciillas (p 8 0/Y) oile SL STys Jllie (p 5t b a5 55 03 28
omae A S 13 TS BT ans s (s W51 35S Slekily) B 5 (Ass 00
53 Obily o 5L (Ao s VO OLily) Bs 5 (Aoys A0 s5a= OLly) Ba slasas S
Lol Bs 5 By slaggtn Sy s S S 1 ("YU ) Lol aKalsT adlas
Bs 5 Ba lacsdu Sy bt Hsbar a5l wal b 1) o3 15 BBl 5 S5e 0L~
YL 2L Lse a8 zils (rﬁ EIVA 5 8/0Y s 5 ) edile L STy55 Olse o F0S
B e 35 b B s S Sl el pme S| Lile Olo3 Sy e 53 Lol
el 2 b s Sonl sbics w bis O S and - S 4 mhe |
il Olale sl sllan Tl 5 Vo (S DLkl o b Jols o gy 2,5 o
Loz SLSL i 5 Ldd il r 0 ol L 0 8 (0S50, $VIJ 5 )
o RTD (sl oo o coman 550wl 3 ils Sl (Saodes bl 3 4 50
Sl S O sdasDli 65 Cnd 5 ss i Br s Sy oS b ) mbk
2> Ob wg Bl Lge oS il 5 o s (slanin B s S 5 Sl A

Sls Ol 1y ol a5

G355 wlole dug n S bl S 1S e uST ol aBilosl anlas (g S ames
2 ol Sl S 5 S Bas s Rl 0 e bile B OL
Obr S 55 53 wlbiadpn la Hlb ol albiin (Al (25, Glaers s>
3L Sk Obkily 4 ol alits 4515 e (B sk Sy L) A s O Gas 53
SRS 5 oIl o ol SLLs S Olabe (sl 0L e Salusgyden Ll 5

S p e | 61)},6;—:1 Cxno

= olm ogys alelo o S 05U alEaylegl adllae (0 F+0) domms ¢ lo,S Ceanisd e o ol aible o Lo solinl

AN NS obi] G 5 5olomorts 4t (Bl Gjgy (Ahocuin sloazog (Sgpaee o ,Slae
Doi: 10.22069/japu.2025.23883.1969

\h'%3


https://doi.org/10.22069/japu.2025.23883.1969

Oy g shito dible | o gty Sy iU (ALl axlllaa

olises L;LaLgJ.;.;JKﬁ
C,.w‘ IS HOR erS L;!.Lpﬁ,..:..h LSLAW}}
imd e G S5y Sb (T Jlb 5 Sl

J3s5s Slasie 5 (5 ol sli)l )

02 Ol (e

@35 2L WS s Oz 2) o s
Slopls Gaams i 53 Glusly 4SS 5 e
Sl lon (53555 5 Lsls DL 5 Liles S oy
S ¢SS s S e b oeles
315 ol S5 o &8 A8 e sl 2
Sop 5 Ol g SRR e 52 LS o oS
L oamdm S0 S les Slace e LIS
SIS O Ges &8 b s cas e S
DHSen 5 oS5 (V) 3,038 o b e e s
Gl 5 oS Ol Gy gladlle (Y4)4)
3 LS s p Slopls Gaams s 55 1 ($350s
G5 e 80 Gay b arsl b, pSTslas dsls 0L
& s (A s s ) (5 50 5 s
Ly bl S e slosl (810)) (63508 (S 0l
Ble oley s oK 31l Ll VO B E/0 e
Sl azr s o al bl iy o5 (S sodn
3 Ogmdigd (1) 25 0 (IS RS 5 (B
Glaams = 5 a5 Wosls Ol (Yerd) bl
S s Ok kS Wl as L
(5205 S a3 £0 sl 5 (Lo s VY-Y/A)
b St By g Sl 5 0L 155
Slans>= 5 Ol ol S sy s s
mred (8) ol odd sy S rhsiiia
5 LSt (VY 5 Y0 oL 5 S
L slocia glaanms = 53 G255 b O
$33dms Dl J I LV ) s ST e
Lle Oley mis Ol Seelisgden b

Sz b s gbamss s Sl

Yo

Aodko

Lol B bl gl b L LSJJJ:ZLSJ'J
Cosps s Sl LU & Ol S
C«.?:.: Lol axle el ladlens G
Ol S e cosls 2alS 1) OF CiiS dadilons
UV I PTGV WP VPR W L=
S Olaly 5 ocwlsl LYl (cpisen
S s e e IS e e b
I 2l slse 5 05| &5 S 3 gh o Dol S
Jds ol Ll edidy ol LS e o
b5 i ) obae S 1, (FCRY) &1,
5 das Jals ol ale O 05 4 S s
Slge a SBL v mws s a1y Al Al &
Sams = (Y ) ws J.a-_a eS| 5 (gdan
Sis s oolhe LAl s 6 Aocia
F5r oSl Goss Siletings 03 (S s peda s
OLS S, @YU s oo Jie gl p tizas
CH S S Ol sl b bans e
3 oods Al ) amb e S e 53 Lley oS
ol iass (F) S e e |y Bl o
O soss sbable g S b sy b
(Al Fosn hoia Slaans o 3 G e
3 bdleny Gl Shs ane mds WS«
Sildde B b 5l (Sasde oLl gl
G as oS 5 Ol CuiS bl aKabsl

Al S S
Ol SlasSl s Kl oy slaRasy
I3 sy 8B 5 0 lopls laam e s
5wl Sl ) Ce e w5 S350
3 8es dpp Glp s G sbdlle

AL Ll Llasls S5 sl Glems

1- Feed Conversion Ratio



V€40 bl oF o5lond V0 259 b 3T (W )95 9 (51590 ket A gl

ol 4B S I a5 a5 FoS (Alocia
Slasdlas S5 L 1 G ol s)ls a S2ass
Silbedde Sheslinal b odailsy cul ) Sl
LS AR LT
sl hoila Glaans - 2l 35 b
Bl et Oladlle dadl Sealys s den s,
Log Spete psde LS Selsssdes
5 OO Sl 5 550wl Ll iass 4 S|
Sl sy o (Y1) OLKes 5 WK
Llastls 5 glo pls glaams s 55 LMl 5 0L
S ekl (1¥40) e S Canisd 5 (£ )
A) cl o3 5 (3laedde |5 Jlates (glaams >
Sl S dl) Olojen 5 bas oS ael axllles Ll
L Bs b P) Same 0L 3555 bl il
23 Saodes Olekily 5 Sl Lo Oby w58
sor b Bl Sosg ledda glans >
Golwdde L caddlles ol ol slis il S
S3508 Obr Lo w38 RN
s il by 5 oS e 1 (Laals b il
op by (Sdasde Obdly 05 S
Sl e sl S plbs (Gus uS .

el O CiS 5 asS e oS sl

W e9) 9 3190

S S S s oshe 4 ol asdlas
2> S Ll Ol w8 5 0L 82955 Slila
bl aloca ale s glaans >

SOWIPRE JCst AT gsledas
Jb Ko ud:iuj :@K.f.ll.»ﬂ Ol g
Slased beslps b alocin s (S5
OexVoexVoe) sbal glyls Ao g (,h’.\ s (an-L}\

ol o e mle Yo ool O Ges 5 (oo sla

w1

el 0ly (TeY0) 0Kas 5 Sobl e
@ o boglalpal glaams e s Sl
L ass ool (7)) dxdls Coolite 5,5 Cunbdse
o pefis 5 el Ay (SIS ) 035 Sl
Lle Oy m38 5 0L 255 Sble g Sy
Sledde LI, shocin glaans = 5o S|
S o gz AL
Lle Ol w55 Slaiose 5 (SIssds Ol
s 8es obosl glr @S sbaslas (RTD)
LSt 553 4 45 Lten ale o sladmes =
b (e s e Ghble plubi L~
(T oS Coanish S e KaS Sokeoli S
T SR PR W - R S PR WA PR
B e e e
LS cudls s bS5, VU Lk
ks Glaazs = (1 VIO Pl S5 2
@t oledde Gk Sl mpeme 1Y Cxlis
Seisl due Sloeslial b ol Saalusssae
i LB i Ol sl 5 Sy, Slod
ot e Sblassdee Do s ol
Ghle Jals 5 (63555 amda Aol L0 S
00 3l i) b Sk Olakily 5 e
OLen 5 ke Dlidos (A) LS o a3 (Ao
oo 4 O ($34,5 i &S 5l 0L (Y4YY)
5 ui e bl S5 (Bl S O 4 e
23 (Aoys 00 5l 568) chms (Sssde Oleil
Chen 5 SLL Q) 25 lopls (glaas >~
(el 5 OS] SB35 pde g (Y0VY)
(Y) L5 5 Oy ST, bl gladaly 51 15 Sl
Ot s 5 palr alal) S DWle ol 85 e
Lle Oy w358 5 0L 2as wble Gy Sy

6“@}?’)3 ;;\ij)"‘"l’b qub‘)bolﬂ él‘))}



Oy g shito dible | o gty Sy iU (ALl axlllaa

L 5l Gome b (23 oo gla e 5 0L~
dler 4 S0 pr S e sl oy
2 oedle s eslixad o C]a.,, Sl edis o das
Jols andlos ol 3 asliad 550 STy s I3 (ol
Sl e J&s Las e d =089 mm s
aSe e p o SIS VeV E VAL ST
Gdses 035 055 Slp ommes L3S s
slile 3U 5 s Ol 3l edd Sdls y STyt
S JRVER RGNV ey P e
Al eslaial
055 4 Ale Sy @ged Sl ol sy 53
Ll Ol o5 bl sl oy Olssa o S0
A eslinal bl s s Sl oyl (RTD)
Ll o 4 b glie cals s 4 obsal ol
slawlele ale Ly Glaams s> 53 A8l
OF o3 28 oslized 5 (RAS) axes e (555 53l
el (YY) OLIKen 5 Sl e Slalllae
Ol (6 iy oo s Mo & ale STy 03 S
ey 5 S ol £ 2 o311 (g slas il
3 eid Fp k) eddalis Seslys g s
@lye oJlm opl b Sl (g s 2S1 5
Ao DY g 4 Kol Lol L sl
b Y g2 Gl (giluand gl Al e 5
L) AL lacussize s 4 Ll sl
andlan l 53 (3gdomn (o 2w 5 Ol S 40 513
S eslimal wean] Oldlae s aEs eslil
OV b Gl e SHsoa Llg e Ol
a8 S

Yy

5 AT gledis ol » oS 35 s il
RO el Al 4 S 5l S
Jle 4 ol Jae) VeV bde b ale 2y
Ll s b s b (ARl
ol 53 Shs i 5 O (Sl den
b bad S ph ileat AL
b oas o)y kbt Slbmio bug
Coed 358 RS hoiiin IS8 4 ans
(L/B) wmism ol & cond o3 gbaad S
bl IS o pes el el SO
S et A B S R dos o

AL 2 bohlsl S s ed Bl 0L

Sl

o8 2 Bs B Pr) 0L somss slagts Se
Sad bas SJssae 0Lkl 5 STy Ll Ol
Pl S bans e Lils Lol Gl
ileddbe 53 5wl B Glo S L Bl
&l Ol b ileele sl AL
JEAR VRN pled 6l 53055 L (3 e
Siledds il elal oS A5 ol adds
Jae) Vo) ks ol by (STsods 5 (SO
Bl ol ales (A&0L5T e & Lol
Cole 53 a3 S oamd Ol e Ol
Lyl s 5 oss Jol= (aids W (6,58 kb Ob3)
Bl Bl Sosn e S Sl
(0 25 (g3leans
Ol O K ble Jle o sl wll
JUES) oy e (e Blo Ve x 00 x 00)  Lbatis

3355 Sl Sadib 4 OF s Oe 51 0L~



V€40 bl oF o5lond V0 259 b 3T (W )95 9 (51590 ket A gl

B/4

B/
>
~ -

o
o

@ Flow outlet

(@]
4?
o}

v Inlet flow

N /

B =100

dq

001
=20

H

B

B =100

Inlet pipe
and nozzles Water level
control pipe
. —
ol
Bottom drainage
orifices

o -
®
< ‘ \
o)

Flow outlet

—

2.54

de C)L‘gﬁ S99 dbb@db,;k}lu(B g‘ﬂa)‘l‘w(A ol aslw J.M)| ‘5|o)l‘5cjb—\ JSJ-

Figure 1. Schematic of the constructed model: (A) top view; (B) front view with the submerged flow inlet
system installed—unit: cm.
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Figure 2. Visual observations of the flow pattern and low-velocity zones at the bottom of the octagonal fish
culture tank for the ps configuration of the submerged inlet system. Yellow arrows indicate the direction
of flow rotation, and red arrows show the suction of the colored flow toward the outlet. (A) Start of the

experiment; (B) 3 minutes after the start; (C) 5 minutes after the start; (D) 10 minutes after the start;
(E) 45 minutes after the start; (F) 60 minutes after the start (end of the experiment).
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Figure 3. Retention time distribution (RTD) curves of the tracer solution for different inlet system
configurations (B, to Bs) in the octagonal fish culture tank. A red marker indicates the time
corresponding to the peak tracer concentration in each curve.
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Figure 4. Hydraulic efficiency of different inlet system configurations (B, to Bs) in the octagonal
fish culture tank.
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Figure 5. Feed residence time in the tank for inlet configurations By, B2, B3, s, and ps.
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Figure 6. Particle movement in the octagonal fish culture tank during the experiment for the g, flow
inlet configuration.
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