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The Ali Qapu Palace, one of the grand constructions erected during the Safavid
period (907-1135 AH) in Isfahan, stands out as one of the most renowned
architectural marvels of its time. Despite garnering attention from experts in
restoration, architecture, and art history, the palace has remained largely
overlooked in archaeological standing bulding studies. A significant aspect
contributing to this oversight has been the neglect of investigating its water
supply system since its inception, leading to various unfounded assumptions. In
this article, the authors aim to address this gap by conducting a comprehensive
examination of the components and functioning of the water supply system of
the Ali Qapu Palace, drawing upon written, oral, and documentary sources
pertaining to the remnants of its water supply structure. Through meticulous
documentation of remaining evidence and scrutiny of primary sources, in
conjunction with data obtained from restoration efforts, this study reveals a
sophisticated understanding of the mechanics employed by the creators in
establishing an efficient and integrated water supply system for the palace,
particularly for transferring water to its upper floors. This system of water
supply and circulation draws upon precedents set by machines developed in
centuries preceding the Safavid era, which facilitated the transfer of water
within the palace premises. Consequently, this research not only sheds light on
the water supply facilities of the Ali Qapu Palace and the intricate cycle of water
transfer within its different sections but also lays the groundwork for
understanding similar structures. By unraveling the mechanisms behind the
palace's water supply, this study contributes to a deeper appreciation of the
technological and engineering prowess of Safavid-era architects and engineers
while offering valuable insights for future research into analogous architectural
endeavors.

Isfahan, Safavid period, ‘Ali Qapu palace, Water supply system, Mechanical
science.
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1. Introduction

Water holds a pivotal role in Iranian architecture, particularly evident in Safavid
architectural practices. Its presence often influences the design and layout of buildings,
with gardens and palaces frequently featuring prominently as testament to water's
significance in architectural endeavors during this period. Notably, the addition of a
dedicated section to the ‘Ali Qapu Palace for water supply to the basin within the hall
exemplifies the high regard for water in Safavid architecture. This section of the water
supply system facilitated the pumping of water to the upper floors of the palace,
enabling the circulation of the hall's basin fountains, which captivated viewers with
wonder and admiration.

Through field studies and examination of available evidence within the palace,
particularly through documentation and mapping of the water supply section, efforts
were made to elucidate the workings of this system by cross-referencing existing
photographs and maps with textual sources. Drawing upon written accounts and
surviving documents from conservation teams, this research endeavors to address the
fundamental question of how the water supply system and circulation within the palace
functioned, offering insights that may extend to identifying similar systems in other
buildings, especially those from the Safavid era.

Findings from these studies reveal that the system relied on the mechanical expertise
of its builders, evident in various aspects such as the dimensions and materials of the
four basins, as well as the architectural design of the building. Contrary to existing
hypotheses, such as the source of feeding water for the fountains and the use of
blacksmith's bellows for water pumping, this research offers new insights. Additionally,
meticulous examination and identification of remaining components, with precise
measurements, shed light on the structure's configuration.

The water tower structure, distinct from the main building and specialized for water
supply, emerges as a focal point. Its construction and layout are tailored specifically for
supplying water to the courtyard pool and operating the fountains, showcasing an
intelligent design that ensures efficient functionality. The identification of each section
and component of the complex water supply system underscores the meticulous
planning and execution of the project.

Travelers' references to the term "machine" and the specialized engineering evident
in the water tower suggest minimal human intervention in the operation of the water
supply and circulation system. Notably, features such as a canal for a piston system and
cavities on the tower's walls further indicate the mechanized nature of the system. The
proposed theory posits the existence of three machines for water supply operations and
fountain circulation, distributed across different levels of the tower.

However, challenges arise in accurately reconstructing the connections of the water
supply system and the components of these machines due to extensive damage to
various parts of the palace over time. Efforts to simulate the water pump system offer
hope for uncovering the precise functioning and location of the system within the
structure.
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Map 1: Water tower and its components (Authors)
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Map 2: A view of the floors of the water tower and its components (Cropped of Map 1 for easy reading)
(Authors)
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Figure 5: The location of wheel connections on the walls of the water tower on the first floor (Authors
2020)
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Figure 6: Mother pond (P1) and its output routes to sectors R1,R2 (Right image), Basin drain valve (Left
image) on the first floor (Authors 2020)
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Figure 7: Reservoirs R1,R2 on the east and west sides of the first floor of the water tower. The reservoirs
space can be seen in the image on the right (Authors 2020)
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Figure 8: Stone plates SP1,SP2 on the second floor of the water tower (Authors 2023)
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Figure 12:The hole inside the arch of the first floor of the water tower (view to the east) (Authors,
2020)
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Figure 13: part of PP on map of No. 3 and the possible location of the piston pump on the second floor
(Authors, 2020)
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Figure 14: Al-Jazari piston pump (right picture), (Al- Jazari, 2001: 475), piston pump design by Taghi-
edin- Rased ( left picture) (Hasan, Hill, 1996: 71)
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Figure 15: Al- jazari piston pump design by Hill (Hill, 2014: 132-133; Hasan, Hill, 1996: 70)
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