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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Traditionally, the public has used Ab-Anbars (water
Received 2020/06/20 reservoirs) in hot and dry areas and also in cold regions of Iran. One of the main
Revised 2020/10/27 i elements of Ab-Anbar is the reservoir coverage (reservoir lining), which is made of various
Accepted 2021/02/08 i brick vaults such as barrel and colombo vaults with different rises and forms. Due to the
Available Online  2022/09/22 i dry weather in most parts of Iran and insufficient rainfall in more than six months of the
i year in most places, which has resulted in the seasonality of rivers and the lack of access to
Keywords: gwater, various arrangements have been established for freshwater supply in dry seasons.
Sun Radiation iThe construction of the Ab-Anbar (water reservoir and cistern) is one of the innovative
Dome i ways to supply drinking water. In this regard, the Ab-Anbar, as its name implies, is used to
CcomMsoL i store water in rainy seasons to be used for the rest of the year. The main structure of the
Honeybee & Ladybug i Ab-Anbar consists of an underground storage tank and a dome to cover it. In some areas
Ab-Anbars of Qazvin |n Iran, a wind catcher is added to this structure to keep the water cool in summer. The

i construction material used for Ab-Anbars was a special mortar called Sarooj, which was
i made of sand, clay, lime, goat hair, egg whites, and ash in specific proportions, depending
ion the location and climate of the place. Some Ab-Anbars had rectangular storage tanks,
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and read the article online and some tanks had a cylindrical shape. This study aims to determine the amount of solar

i radiation received on the surfaces and heat flow inside the Ab-Anbar domes of Qazvin,

E ’ E §:which leads to recognizing the most optimal form of reservoir coverage for Ab-Anbars
1 r i among the studied samples.

ETHODS: The data, including dry and humid temperature, air, radiation, and current

E radiation situation of Qazvin city weather station, were prepared over a ten-year

. i period (1996-2006). The library documents also provided the map of the Ab-Anbar domes.

In order to conduct the research, four samples of Ab-Anbars with different dome structures
'§in Qazvin city were selected. After that, the domes were modeled in Revit 2016, and the
:§amount of solar radiation received by the domes on the hottest day of the year, at 14,
Q i16, and 18 o'clock, were determined using honeybee & ladybug plugins with Energy plus
i Engine. COMSOL software, and the CFD airflow analysis, were performed for validation in

Number of References N . .
: high-rise and low-rise domes.

36 :
{™INDINGS: The results of the analyses showed that low-rise domes with large surface
: contact receive more heat than high-rise domes with a small surface contact, and
ithe area of the domes is effective in receiving the sun radiation. Sardar Kouchak (Little
Number of Figures i Commander) dome, a low-rise dome, is approximately exposed to its total surfaces and
6 isolar heat by 84.3% at 14 o’clock. In comparison, the high-rise dome next to the Grand

§Mosque is exposed by 52.5% at 14 o’clock. The low-rise dome is exposed by 74.7%,
i while the high-rise dome is exposed by 53.5% at 16 o’clock. Finally, the low-rise dome is
i exposed by 62.4%, and the high-rise dome is exposed by 43.2% at 18 o’clock. Therefore,

Number of Tables ilow-rise domes in the cold climate are more efficient in receiving solar radiation than
6 i high-rise ones.
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ONCLUSION: The airflow inside the domes was graphically performed for validation

using CFD analysis on a hot day. The results are consistent with the outputs from
i honeybee & ladybug plugins. Low-rise domes can retain more heat than high-rise domes,
and the vortex of hot air created in low-rise domes is less than in high-rise domes, which
leads to more heat gain inside the dome. Therefore, the most suitable dome for Ab-Anbar
i in the cold climate of Qazvin are low-rise domes.

{ HIGHLIGHTS:

- Selection of several examples of reservoirs with different structures in terms of form and
i shape.

i - Simulating the absorption of sunlight and creating shadows on the surfaces of the domes
{ with Honeybee and Ladybug plugins and CFD simulation with COMSOL software.

- The use of low-rising domes is more suitable and optimal than high-rising domes for cold
i climates.
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Fig.1. Schematic of receiving sunlight and creating
shadows on the surfaces of the dome of the reservoir
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Table 1. Introducing the dimensions and size of the reservoir dome of Qazvin city (Mohammadzadeh, 2006)

Qazvin ab Anbars Ab Anbar Sardar bozorg

dome

Ab Anbar zabane

Ab Anbar Sardar
kochek

Ab Anbar jonbe Masjed

Ab Anbar dome
cross section

bazar

jame Kabir

Images of Ab Anbar
located in Qazvin

Height of the dome 7.5m 1.8m 9m
Width of the dome 14m 9m 10m
Reservoir shape Circular Circular Square Circular

Table 2. Specifications of Qazvin city water reservoir dome with constant opening for analysis of radiation received in

Honeybee& Ladybug
Qazvin ab Anbars Ab Anbar dome cross section Dome modeled in the  Height of the Width of Area of the
dome software dome the dome domes
Ab Anbar Sardar P it 5.8m 10m 328 m?
bozorg
Ab Anbar zabane 6.8m 10m 325 m?
bazar
Ab Anbar Sardar 1.8m 10m 267 m?
kochek m
410
Ab Anbar jonbe 9m 10m 355m?
Masjed jame Kabir
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Table 3. Analysis of receiving sunlight, heat absorption in the shadow range on the surfaces of the dome of Qazvin
P 2
reservoirs in terms of kwh/m
Ab Anbars Analysis in the afternoon per Analysis in the afternoon per Analysis in the afternoon per
dome hour13 hour14 hour16
3 kWh/m2 kwh/m2 kwh/m2
> 200.56< 3 146.59< 37.39<
; 180.50 131.93 33.65
;?) 160.45 117.27 29.91
=) 140.39 102.62 W 26.17
5 12034 ~ 87.96 22.43
8 100.28 73.30 18.69
= 80.22 58.64 14.95
o
= 60.17 43.98 11.22
E 40.11 29.32 - 7.48
<
20.06 14.66 3.74
w
<0.00 <0.00 <0.00
Radiation Analysis Radiation Analysis Radiation Analysis
GHAZVIN. 2005 GHAZVIN_2005 GHAZVIN_2005
15/0CT'13:00 - 31 DEC124:00 15 OCT 14:00 - 31 DEC 24:00 15 OCT 16:00 - 31 DEC 24:00
% - i e
. 20050 3739w
= e a0 a0
(=9 16045 117.27 29.91
5 14030 02,62 261/
- | __EFETEN 87.96 N 22.43
oo 10028 : 7330 ' ‘oien
> w022 s8.6a 1aes
g 60.17 43.98 122
= a0.11 29.32 7.48
o 20.06 14.66 374
3 s iued
b Radiation Analysrs Radiation Analysis Radiation Analysis
3 Gloevn, GHAZVIN_2005 GHAZVIN 2005
wn 13 00T 13100 - 31 DEC 24:00 15 OCT 14:00 - 31 DEC 24:00 15 OCT 16:00 - 31 DEC 24:00
kWh/m2 kwh/m2 kwh/m2
200,56+ 146.63< 37.27<
> 180.51 131.97 33.54
160.45 4 117.30 29.81
140.39 IDZ 64 16 09
I I ‘ 120.34 " 87 98 22 36
g 100.28 73.32 18.62
< 80.22 58.65 14.91
g 60.17 43.99 11.18
= 40.11 29.33 7.45
_g 20.06 14,66 373
cNe <0.00 <0.00 <0.00
Radiation Analysis Radiation Analysis Radiation Ana\ysns
GHAZVIN_2005 GHAZVIN_2005 GHAZVIN_2(
15 OCT 13:00 - 31 DEC 24:00 15 OCT 14:00 - 31 DEC 24:00 15 OCT 16: 00 31 DEC 24:00
E - arare
%) 18051 o
= 180.45 29.81
> 15039 | e
=2 12024 L2230
=] 100.28 18.63
= wor2 a1
60.17 s
4001 7.a5
20,06 373
=0.00 <0.00 C¢ f
Radiation Analysis Radiation Analysis Radiation Analysis b
15 OCT 13.00 - 31 DEC 24:00 GHAZVIN_2005 GHAZVIN 2005
15 OCT 14:00 - 31 DEC 24:00 15 OCT 16:00 - 31 DEC 24:00
KWh/m2 KWh/m2 1oWh/m2
= 200.27< 145.77< 36.00< R
>
) 180.24 131.20 32.48 -
2
> 160.22 116.62 28.87 & =
% 140.19 102.04 25.26 D
b 12016  s7.46 o 2168
=< b
%) 100.14 72.89 18.05
ﬁ 80.11 58.31 14.44
3 60.08 43.73 10.83
— 40.05 29.15 7.22 s
,.g 20.03 14.58 3.61 ’ -
E <0.00 <0.00 <0.00 \p M
w Radiation Analysis Radiation Analysis Radiation Analysis G. -
GHAZVIN_2005 GHAZVIN 2005 ‘GHAZVIN_2005 o
15 OCT 13:00 - 31 DEC 24:00 15 OCT 14:00 - 31 DEC 24:00 15 OCT 16:00 - 31 DEC 24:00 3
z e
Z e 24577 rou
2 o027 3120 v o
= 180.24 ‘\ 16.62 el
= joonas B io 2ne7 .
| u26
L) T ene e e (4
) By 7289 1805
g soan se aan
S 6008 PEREY to8a
§ 0.05 2915 722
= 2003 1458 261
« =0.00 20.00 <0.00
= Ragiation Analysis . .
£ ERASvin 550 Radtation Aoy (Ragiation Analysis
15 OCT 13:1 DO 31 DEC 24:00 GHAZVIN_ 201 = 4 .
(75} 15 OCT 14:00 - 31 DEC 24:00 15 OCT 16:00 - 31 DEC 24:00
kwh/m2 KWh/m2 KWh/m2
200.56< 146.60< 37.37<
z 10051 119 s34
= 160.45 117.28 29.90
o 14039 102,62 26.16
S 12034 5796 24
= 100.28 73.30 18.69
E 8022 s8.64 14.95
o 60.17 4398 1121
=) 40.11 2932 7.47
= 20.06 14.66 3.74
<0.00 <0.00 sat
Radiation Analysis Radiation Analysis
I GHAZVIN 2005 GHAZVIN_ 2005 g:&;t‘;c;a Aznoanléms
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<
) sownimz — oo
=, P e 20
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> foniae iy anion
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= 20.06 14.66 3.74
H 0.00 0.00
<0. <0.00 <0
=3
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Table 4. The amount of heat absorption in the area exposed to radiation in the dome of Qazvin reservoirs in terms of

kwh/m?
Qazvin Ab area of the The temperature range of the received heat at the exposed surfaces at 13 o'clock in the Total heat
Anbars dome domes afternoon absorption in
200 180 160 140 120 100 terms of
kwh/m? kwh/m*  kwh/m* kwh/m* kwh/m*>  kwh/m? kwh/m?
Sardar 267 m? The area of the 6528 5508 4569 3712 2937 2040 25296
kochek dome surface that
Sardar 328m is exposed to this 6822 5667 3358 3306 2519 2361 24035
bozorg amount of heat
Zabane bazar 325 m? absorption 7161 42961 3055 3007 1145 3580 22247
Jonbe Masjed 355 m? 6461 4473 2385 3131 1192 3727 21371
jame Kabir
Qazvin Ab area of the The temperature range of the received heat at the exposed surfaces at 14 o'clock in the Total heat
Anbars dome domes afternoon absorption in
146 131 117 102 87 73 terms of
kwh/m? kwh/m?*  kwh/m?* kwh/m* kwh/m*>  kwh/m? kwh/m?
Sardar 267 m? The area of the 4556 3848 3006 2248 1757 1474 16891
kochek dome surface that
Sardar 328m is exposed to this 5028 3007 2149 2107 799 2514 15605
bozorg amount of heat
Zabane bazar 325 m’ absorption 4812 3238 1928 1891 1075 1804 14750
jonbe Masjed 355 m? 4664 2790 1495 1955 741 2332 13979
jame Kabir
Qazvin ab area of the The temperature range of the received heat at the exposed surfaces at 16 o'clock in the Total heat
Anbars dome domes afternoon absorption in
37 33 29 26 2 18 terms of
kwh/m? kwh/m®  kwh/m*  kwh/m®  kwh/m*  kwh/m? kwh/m
Sardar 267 m? The area of the 784 484 378 381 143 323 2496
kochek dome surface that
Sardar 328m is exposed to this 1092 649 456 460 173 531 3363
bozorg amount of heat
zabane bazar 325 m? absorption 961 571 402 405 228 467 3038
jonbe Masjed 355 m? 985 585 308 415 156 479 2930
jame Kabir
Table 5. Heat absorption in the shadow range in the dome of Qazvin reservoirs inkwh/m?
Qazvin ab Anbars  area of the The amount of heat received in the shadow range at 13 o'clock in the afternoon Total heat
dome domes 80 60 40 20 _absorption
kwh/m? kwh/m®  kwh/m? kwh/m? in terms of
kwh/m?
Sardar kochek 267 m? The area of the dome surface 1142 734 408 163 2448
Sardar bozorg 328m that is exposed to this amount 629 157 314 52 1154
Zabane bazar 325 m’ of heat absorption 572 143 286 47 1050
Jonbe Masjed 355 m? 596 149 298 49 1093
jame Kabir
Qazvin ab Anbars  area of the The amount of heat received in the shadow range at 14 o'clock in the afternoon Total heat
dome domes 58 43 29 14 kwh/m2 _absorption
kwh/m? kwh/m?  kwh/m? in terms of
kwh/m?
Sardar kochek 267 m’ The area of the dome surface 958 710 425 205 2300
Sardar bozorg 328m that is exposed to this amount 399 98 199 32 730
Zabane bazar 325 m? of heat absorption 597 265 179 86 1128
Jonbe Masjed 355 m? 370 91 185 29 677
jame Kabir
Qazvin ab Anbars area of the The amount of heat received in the shadow range at 16 o'clock in the afternoon Total heat
dome domes 14 11 7 3 kwh/m> gbsorption
kwh/m? kwh/m?  kwh/m? in terms of
kwh/m?
Sardar kochek 267 m? The area of the dome surface 91 89 34 4 220
Sardar bozorg 328m that is exposed to this amount 247 64 68 23 405
Zabane bazar 325 m? of heat absorption 218 133 84 31 467
Jonbe Masjed 355 m? 223 78 111 26 440
jame Kabir
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Fig.5. From the top, the graph related to the amount of heat received by exposure to radiation, in the shade and heat
of the entire dome of the fixed mouth reservoirs of Qazvin city on the hottest day of the year at 2, 4, 6 pm. From the
bottom, the graph of the percentage of solar radiation received on the surfaces of domes with fixed opening in Qazvin
at 14, 16, 18 in the afternoon
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Fig.6. From the right side, the graph of the percentage of receiving radiation on the surfaces of the domes. The left
side of the graph of receiving total radiation on the surfaces of Qazvin’s fixed opening domes in time periods 13, 14,
16, 18
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Table 6. Cfd analysis with uniform flow inside high and low rise domes using consume software
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