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ABSTRACT 

The steady development of economy makes the number of high-rise buildings increasing, and the water 

supply and drainage system becomes an important part of high-rise building construction. The purpose of 

this paper is to explore the drainage efficiency and fire fighting efficiency of BIM and green new energy in 

water supply and drainage system. Revit Mep software is mainly used to design the fire fighting module 

in the drainage system of high-rise buildings by combining BIM technology and new energy. A simulation 

mathematical model of water supply and drainage efficiency (including fluid control equations, etc.) was 

designed, and simulation experiments were conducted on the fire treatment efficiency of green new energy 

fire protection technology. The investigators' ratings of the evaluation indexes of the water supply and 

drainage system design of BIM synergistic green new energy fire protection technology ranged from 4.06 

to 4.54, indicating the feasibility of the approach. When the building floor is 25 floors, the water supply 

and drainage efficiency of the system in this paper is 80.45% and 84.52%, respectively. The fire fighting 

simulation experiment shows that the green new energy fire fighting technology integrating BIM can 

reduce the temperature of the room to 200~500℃ in 5 minutes. In the experiment, the method can 

extinguish the fire quickly and the residual concentration of smoke after extinguishing can be reduced to 

the normal range. 

Keywords: BIM; Revit Mep, water supply and drainage system, water supply and drainage efficiency, new 

green energy source 

 

1. Introduction 

BIM technology is a three-dimensional integration and collaborative management technology for 

structural information, attribute information, spatial information, semantic information, etc. in 

construction projects, which is a brand new change to traditional hand-drawn design and CAD design [1-

2]. Compared with traditional design methods and modes, BIM technology has distinctive spatial 
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technology advantages, and its use of three-dimensional visualization functions to achieve three-

dimensional structured, three-dimensional modeling of the building. The use of graphic genera linkage 

mechanism and automatic rendering mechanism to achieve dynamic editing, dynamic updating, dynamic 

rendering of building three-dimensional information, the use of collision detection technology to achieve 

the spatial layout of the building components collision and error detection, the use of model simulation 

technology to simulate the progress of building construction, help analyze the process of construction of 

building engineering resource allocation and assist decision-making [3-6]. 

Modern buildings generally have high floors, complex internal layout, dense distribution of people, the 

existence of fire safety hazards will increase the possibility of fire, endangering the safety of building 

structures and people's lives and property safety. Traditional building fire protection planning and 

implementation of fire CAD two-dimensional drawing design as a benchmark, in the two-dimensional plane 

scale on the fire facilities, water supply and drainage piping, smoke evacuation systems and various types 

of ancillary equipment such as planning and layout, the intuition of the design results and visualization is 

insufficient, is not conducive to the accurate implementation of building fire protection and refined 

management [7-8]. BIM technology is a kind of building three-dimensional information model, applying 

BIM technology to the process of building fire protection planning, implementation, equipment operation 

and maintenance, through the parametric management, visual modeling and accurate simulation of 

building fire protection structural information, attribute information, spatial information, etc., realizing the 

whole life cycle of the building fire protection three-dimensional model, three-dimensional management, 

and practically improving the level of the planning, design and implementation of the management of the 

building fire protection [9-10]. 

High-rise building fire spreads quickly, people are difficult to evacuate, it is difficult to fight the fire, it 

is difficult to maintain the fire equipment and it is difficult to manage the fire. Therefore, if a high-rise 

building fire can not be effectively controlled at the initial stage, until the development stage, the fire will 

be difficult to control and extinguish [11-12]. At the same time, high-rise building fire fighting is limited 

by three major factors, elevated vehicle lift height limitations, the limitations of firefighting boarding 

ability, the limitations of the boarding path, so that the fire itself is not effective development [13]. 

Green fire technology is narrowly defined as firefighting work, does not damage the surrounding 

ecological environment, is conducive to the sustainable development of the environment, in line with the 

direction of firefighting development of firefighting technology. Green technology is sustainable use, based 

on safe and inexhaustible energy, full and efficient use of energy and resources, efficient recycling of waste 

materials and by-products, and constantly improve the degree of intelligence, so that the green technology 

has the vitality of the technology. Applying the advantages of green technology in the field of firefighting 

makes the process of firefighting safer, faster, and extinguishes fires at the smallest cost. Green firefighting 

technology has a very rich connotation and broad development prospects, and is one of the principles 

followed in the development of firefighting technology in the 21st century [14-16]. From the prevention 

of fire, fire suppression after the fire, and the aftermath of fire suppression, green firefighting technology 

is scientifically and meticulously embodied in every stage. Green fire technology minimizes the pollution 

caused by fire to the environment, and at the same time, the requirements of ecological environment 

protection put forward higher requirements for fire protection work [17-18]. 

With the development of the times, the structure of high-rise buildings, building materials and 

decorative materials show the diversification of functions and types. After the occurrence of fire, various 

chemical materials react with each other, which may cause unexpected consequences and cause serious 

interference in building firefighting [19]. And the use of extinguishing agents during firefighting can 

produce some toxins that affect rescue operations and aggravate casualties. In order to avoid unnecessary 

casualties and damage to the environment, it is also necessary to adopt green firefighting techniques in 

high-rise buildings [20-21]. 

Fire protection in high-rise buildings has always been a topic of great concern, and the study of fire 

protection drainage in high-rise buildings is the focus of the focus, the study includes high-rise building 
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drainage system design standards, maintenance strategies, fire safety assessment and water conservation, 

etc., and the main methods used include example analysis, theoretical analysis, and literature review and 

other methods. Literature [22] describes the importance of providing safety indicators for high-rise 

buildings and proposes to analyze the engineering characteristics and design of fire drainage systems in 

high-rise buildings to enhance the efficiency and speed of fire rescue. Literature [23] discusses the 

maintenance of drainage in high-rise buildings and introduces a drainage stack replacement method that 

allows for the phased replacement of drainage systems in buildings and attempts to introduce passive fire 

protection products for use in plastic-based drainage systems, and the above program reduces the 

disturbance to residents while improving the fire protection system of the building. Literature [24] built 

a framework for assessing the fire water supply isolation system of ultra-high buildings based on reliability 

analysis strategies, which can support the reliability assessment of all aspects of the fire water supply 

system and assist in the optimal design of the fire water supply system. Literature [25] conceived a new 

integrated water supply system that combines the functions of fire-fighting water supply and domestic 

water supply, which can be optimized according to the pressure of the municipal pipe network to give full 

play to the value of the municipal pipe network pressure. Literature [26] used AHP, OMAX and traffic 

light system methods to process and analyze the information data of Jakarta high-rise buildings in order 

to assess the reliability of fire protection of high-rise buildings in Jakarta, pointing out that the main 

problem of these high-rise buildings is the poor accessibility of fire escapes, and the study provides an 

important basis for the rectification of fire protection problems in high-rise buildings in Jakarta. Literature 

[27] discusses the current status of cutting-edge research and practice of building water supply and 

drainage water conservation technology, and concludes that building water supply and drainage water 

conservation technology realizes the effective and rational use of water resources, and identifies the key 

points in building water supply and drainage water conservation technology, such as the water pressure 

point limitation, the water conservation equipment support, and the improvement of fire fighting pools, 

and so on. 

Literature [28] introduces the material composition, fire protection use and specifications of a recyclable 

fireproof thermal insulation board and carries out simulation experimental methods to confirm that the 

recyclable fireproof thermal insulation board optimizes the design of fire evacuation plan to a certain extent, 

effectively solving the problems of fire area expansion and long evacuation distance. Literature [29] 

systematically reviewed the research literature on green firewalls, pointing out that green firewalls can 

effectively resist the spread of wildfires while meeting ecological, silvicultural and economic needs, and 

have the advantages of low cost, sustainability and biodiversity friendliness. Literature [30] examined 

water-based graphene oxide nanoribbons (GONR)/montmorillonite (MMT)/poly(ethylene glycol) (PEG) 

hybrid networks prepared based on a facile low-temperature evaporation-induced assembly process, which 

have the features of greenness and strong flame retardancy, and are commonly used as fireproof 

compartments for flammable materials. Literature [31] discusses the cutting-edge research and application 

of emerging materials in flame retardant additives, pointing out that emerging materials can significantly 

enhance the flame retardancy of recyclable wastes to achieve the purpose of building, equipment fire 

prevention, while promoting environmental protection, but also for the realization of effective fire 

prevention. Literature [32] provides an in-depth analysis of wood nanotechnology and evaluates the 

performance of nanoporous scaffolds by combining cone calorimetry and thermogravimetry with 

numerical testing experiments, pointing out that such stabilized nanostructures significantly enhance the 

material's thermal stability as well as insulating capacity, while the formation of charred residue after 

combustion reduces the peak exothermic rate and decreases smoke production. Literature [33] lists 

traditional flame retardant methods, analyzes their characteristics and defects, and focuses on advanced 

flame retardant methods, such as “one-piece” expansion, nanotechnology, plasma treatment, bionic coating 

and other advanced flame retardant methods, as well as practical cases and effects, which make positive 

contributions to the research on environmentally friendly and sustainable applications and research of 

flame retardants. The conference has made positive contributions to the research on environmentally 
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friendly and sustainable application and study of flame retardants. Literature [34] analyzed the epoxy 

resin flame retardants that have attracted much attention based on the background of green environmental 

protection, pointed out that epoxy resin flame retardants have the characteristics of non-toxicity and high 

efficiency, and used the literature review method to explore the research on epoxy resin (EP) in halogen 

flame retardants, especially the differences in the use of phosphorus-based flame retardants, carbon-based 

flame retardants, silicon-based flame retardants and other flame retardants in separate and mixed use, 

which provides some important references for further research on green flame retardants. Green fire 

protection research mainly includes flame retardants, fire prevention materials, etc. Scholars mainly 

assessed the performance, characteristics and practical effects of various green materials in depth, and some 

scholars used literature review and other methods to systematically summarize and classify green fire 

protection technologies and materials, which have made positive contributions to the cause of green fire 

protection. 

This study starts from the application of BIM technology in high-rise water supply and drainage system, 

and combines the new energy green fire protection technology, including halon substitution as well as 

green flame retardant technology, to conduct a preliminary exploration of the fire protection efficiency of 

BIM synergized with the new green energy in water supply and drainage system. In addition, this paper 

carries out simulation experiments on water supply and drainage efficiency based on BIM and green new 

energy fire protection technology, and evaluates the water supply and drainage performance of the system 

in this paper by forming fluid control equations, turbulence models, and mural functions. Meanwhile, based 

on the fire simulation experiment, the specific effect of BIM and green new energy fire protection 

technology in response to fire is quantified. 

2. Research on the application of BIM technology in the design of building water 
supply and drainage systems 

2.1. BIM technology in building water supply and drainage design 

1) Promoting role of adopting BIM technology in architectural specialty 

In recent years, with the development of computer software and hardware technology, there are more 

and more projects in construction engineering in which the architectural design specialty adopts BIM 

technology design. The complete building information model, water supply and drainage pipes and 

equipment is an indispensable component, which requires the design of water supply and drainage projects 

also need to use BIM technology [35-36] to participate in it. 

2) BIM technology is needed to solve the existing problems in the current two-dimensional design 

In the BIM information model, all the water supply and drainage pipes and equipment are three-

dimensional, and the size matches the actual space, and the performance is vivid and specific. Be able to 

instantly see the contents of other specialties, communicate smoothly, and solve the problem of spatial 

collision of pipes. Automatic management of drawings, statistics of materials, and the ability to output in 

the form of tables greatly improves efficiency. 

2.2. Revit Mep Software Drainage System Implementation with BIM Technology 

2.2.1. Autodesk Revit MEP.Project: In Revit MEP, a project is a single database of design information-

a building information model. The project file contains all the design information for the building. This 

information includes the components used to design the model, project views, and design drawings. By 

using a single project file, Revit MEP can make changes to the design as well as have the changes reflected 

in all associated areas. 

Elevation: Elevations are infinite horizontal planes that are used as references for layer-based elements 

such as roofs, floors, and ceilings. Elevations are mostly used to define vertical heights or floors within a 

building. Designers can create elevations for each known floor or other required reference for the building. 
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Elements: Revit MEP parametric building elements need to be added to the design when the project is 

created.Revit MEP categorizes elements by category, family, and type. 

Category: A category is a group of elements used to model or archive a building design. 

Family: A family is a class of tuples within a category. Families group the tuples based on the 

commonality of parameter sets, similarity in usage, and similarity in graphical representation. 

Type: Each family can have multiple types. A “type” can be a family of a particular size or a style. 

2.2.2. Behavior of Elements in Parametric Models.An essential feature of building information modeling 

applications is the ability to coordinate modifications and maintain consistency at any time. When 

something is modified, Revit MEP immediately identifies the drawing elements affected by the 

modification and reflects the modification to all affected drawing elements. Revit MEP uses 3 types of 

drawing elements in a project: 

1) Model elements represent the actual 3D geometry of the building. They are displayed in the relevant 

view of the model. For example, walls, windows, doors, and roofs are model elements. 

2) Baseline tuples help define the project context. For example, axis grids, elevations, and reference planes 

are datum elements. 

3) View proprietary elements are only shown in the view where they are placed. They can help to describe 

or archive the model. The relationship between the elements is shown in Figure 1. 

 Revit primitives

 Model 

element
 Reference element  View private 

primitives

 Detail drawing Annotation 

element
 Model 

construction
 Main body

 
Detail line, fill 

area, 2D detail 

component

 
Text notes, marks, 

symbols, 

dimensions

 Axis network, 

elevation, plane
 Stairs, Windows, 

doors, furniture
 Walls, floors, 

roofs, ceilings

 

Fig. 1. Relationship between primitives in Revit MEP 

2.2.3. Family Design in Revit MEP. Families are the basic components of a building information model, 

and in Revit they can be component families or system families. Component families can be loaded into a 

project and created from family templates. The attribute settings for the family and the graphical 

representation of the family can be determined. System families include walls, dimensioning, ceilings, roofs, 

floor slabs, and elevations. 

The first key issue to address when designing a project using Revit MEP software is to create a large 

number of families. In Revit MEP 2009, the families created are generally categorized into several display 

modes, such as plan, elevation, side, and 3D, which can be used to make the families behave in different 

forms according to the needs of the display effect of each view, rather than a simple projection of a 3D 

drawing. 

2.2.4. Creation of Piping Systems in Revit MEP. The piping system in Revit MEP is the logical entity 

that facilitates the calculation of flow and sizing of mechanical equipment. The system exists independent 
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of the ducts placed in the plan to describe the connections between wiring and mechanical equipment. 

Specific mechanical equipment will be assigned to a specific type of system based on the type of building 

block. 

A piping system can be created by first placing the building blocks into the view and then assigning the 

mechanical equipment to a specific system. After creating a piping system, you can use the Layout Path 

tool to check the wiring options and automatically create piping for the system. 

2.3. BIM-based modular parametric design of fire pump house 

For the building water supply and drainage system, the modular design mode of fire pump house can 

effectively improve the design efficiency and reduce the design error rate. This part of the content will 

discuss the modular design content of the fire pump room of high-rise buildings. 

2.3.1. Elements of modular design for fire pump rooms: 

1) Automatic sprinkler system design. Flow automatic sprinkler system design flow can be estimated 

according to the following formula: 

 
60

S A
Q k


  (1) 

In the formula 
Q  is the design flow rate of automatic sprinkler system (L/s). 

S  for the nozzle spray strength 2L/(min m ) . 

A  for the automatic sprinkler system area 2(m ) . 

k   for the unevenness coefficient, generally take the value of 1.20 ~ 1.40, according to the specific 

circumstances of the pipe, pipe. 

2) pump selection to determine. Hydrant pump design process is calculated according to the following 

formula: 

 2 0( ) 0.01f pP k P P H P      (2) 

In the formula 

P  for the hydrant pump design head or design pressure (MPa). 

fP  for the pipeline along the head loss (MPa). 

pP  for the pipe local head loss (MPa). 

2k  for the safety factor, according to the specific conditions of the pipeline, pipe to determine the value 

of 1.20 ~ 1.40. The design of the value of 1.30. 

H  for the lowest effective water fire pool and the most unfavorable hydrant vertical height difference, 

can be roughly estimated for the building height (m). 

oP   for the most unfavorable point of water extinguishing facilities required for the design pressure 

(MPa). 

3) modular fire pump unit calculation process. Fire pump room set up automatic sprinkler system pumps 

and fire hydrant pumps are each one with a backup, a total of four pumps arranged in parallel. Fire pump 

unit width can be calculated according to the formula: 

 2( ) max{ , } 1A a b c d c d       (3) 

In the formula 
A  is the width of the fire pump unit (m). 
a  for the hydrant pump width (m). 
b  for the automatic sprinkler system pump width (m). 
c  for the size of the access channel is not taken into account, the distance between the hydrant system 

pumps or pumps and the distance between the walls ( )m . 



AN INVESTIGATION OF ALGORITHMIC SIMULATION EFFICIENCY 1771 

d  for not taking into account the size of the maintenance access, automatic sprinkler system pump 

group or pump and the distance between the walls (m). 

4) Fire pool volume determination. Effective volume of the fire pool should meet the fire hydrant system 

water supply for 2 hours plus automatic sprinkler system water supply for 1 hour to use, can be calculated 

according to the following formula: 

 
2 3600 3600

( )
1000 1000

V x y z


    (4) 

In the formula 
V  is the volume of fire fighting pool 

3(m ) . 
x  for the indoor fire hydrant design flow (L / s). 
y  for outdoor fire hydrant design flow (L / s). 
z  for the automatic sprinkler system design flow (L / s). 

2.3.2. Modeling of the fire pump house: 

1) Parameterization of water pump. Through the use of Revit family library parameterization assignment 

function can be realized by parameterizing the pump base size control, by modifying the number can 

control the pump base width, select different pumps do not need to frequently replace the parameters of 

different sizes. 

2) Pump group model drawing. According to relevant norms and design experience, the pump base from 

the suction port end of the wall should not be less than 2.1m, the other end of the distance from the back 

wall should not be less than 1.5m to meet the design requirements, in addition to fire pumps and connected 

to the pipeline, pipe fittings, but also need to draw overflow pipe, fill pipe and drain pipe content. 

3. Green new energy firefighting technologies and evaluation indicators 

Green new energy firefighting means that firefighting activities are in line with the requirements of 

environmental protection and do not cause harm to public health and the environment. 

3.1. New Energy Green Firefighting Key Technologies 

3.1.1. Halon replacement technologies. Halon fire extinguishing system is a general term for a number 

of halogenated compounds of low-grade alkanes with different degrees of fire extinguishing capacity. It 

has the advantages of fast fire extinguishing, low toxicity, and no contamination or damage to the affected 

items. Halon's fire extinguishing process is a chemical inhibition process, which destroys the chain reaction 

of combustion and prevents fuel and oxygen from gathering together through chemical reaction, so the 

fire extinguishing efficiency is very high. At present, the alternative research of halon fire extinguishing 

agent can be divided into two major directions, one is to replace the halon fire extinguishing system with 

other fire extinguishing system application research. The second is the development of new “clean gas” fire 

extinguishing agent and the corresponding fire extinguishing system. 

Internationally, halon alternatives include gaseous halogenated hydrocarbon fire extinguishing agents, 

carbon dioxide fire extinguishing agents, fine water mist fire extinguishing technology, aerosol fire 

extinguishing technology, inert gas fire extinguishing agents, non-volatile halon alternatives, and foam 

fire extinguishing agents. 

3.1.2. Green flame retardant technology. Flame retardants are additives used to increase the flame 

resistance of a material, i.e. to prevent the material from igniting and to inhibit the spread of flame. Flame 

retardants are mainly used to flame retard synthetic and natural polymer materials. Materials containing 

flame retardants prevent fires from starting and inhibit small fires from developing into catastrophic fires, 

i.e., they reduce the risk of fire, but do not eliminate the risk of fire. 
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Green flame retardant materials are also known as clean flame retardant materials. From the design idea, 

raw material selection, formula design, process flow to product preservation, application and waste disposal 

and other aspects are considered the environmental pollution problem, not at the expense of human safety 

and environmental pollution to improve the flame retardant effect of the material, the real realization of 

the low-toxicity, low-smoke and no environmental pollution, but also really do to stop the pollution of 

flame retardant materials from the source. 

3.2. Green new energy fire fighting technology evaluation index system 

Green new energy firefighting technology should meet the following conditions: 

1) No harm to the environment, ozone layer depletion potential ≤ 0.05, the value of the global warming 

effect should be small, that is, the greenhouse effect is small, the requirement ≤ 0.1. 

2) No toxicity hazard to the human body, or only a slight effect. 

3) non-combustible, high fire-extinguishing efficiency, designed to extinguish the fire concentration = 5%, 

and can extinguish the fire within 10 seconds, all vaporized after spraying, rapid and uniform distribution 

in all directions in the enclosed space, no solid and liquid phase residues, non-conductive, non-fouling, can 

not penetrate the electronic equipment, do not corrode the material. 

4) Clean in the fire extinguishing process, will not cause secondary pollution, and short atmospheric 

retention time. 

5) Good thermal and chemical stability, conducive to long-term storage. 

6) Good compatibility with elastic sealing elements, not easy to leak the relatively low manufacturing costs, 

good economy and reasonable price. 

7) It belongs to the gas that can be liquefied under pressure, and the storage tank covers a small area. 

3.3. Evaluation of the feasibility of BIM-integrated green new energy firefighting technology 

In this section, a total of 100 questionnaires were distributed through offline distribution to evaluate the 

feasibility of the implementation of BIM-integrated green new energy fire protection technology in water 

supply and drainage systems in high-rise buildings. The evaluation indicators are the seven items 

mentioned above, which are labeled as Indicators 1-7 in order, and each indicator has five sub-questions. 

The results of the reliability and validity test of the questionnaire using SPSS 26.0 software are as follows. 

The questionnaire data were tested for reliability and validity using SPSS 26.0. The value of Clonbach's 

coefficient of the questionnaire α = 0.959 and KMO = 0.973 proves that the reliability and validity of this 

questionnaire is good and can be further analyzed using this questionnaire. The questionnaire uses a 5-

level scale, namely "very dissatisfied", "dissatisfied", "average", "satisfied", and "very satisfied", with a score 

of 1-5. 

The results of the survey on the feasibility of green new energy fire protection technology are obtained 

as shown in Figure 2. Preliminary judgment through the questionnaire survey is that the surveyors are 

satisfied with the green new energy fire protection technology. The average score of the seven indicators 

is between 4.06 and 4.54. Among them, the highest satisfaction is for index 4, namely, the fire extinguishing 

process is clean, does not cause secondary pollution, and the atmospheric retention time is short, which 

fully explains that the green new energy fire protection technology can not only deal with the fire in a 

timely manner, but also avoids the impact on the environment, reduces atmospheric pollution and ozone 

layer depletion, and enhances the reliability of the fire protection system. 
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Fig. 2. Results of the feasibility of new energy fire control technology 

4. Simulation study of the performance of water supply and drainage systems in high-
rise buildings 

4.1. Simulation and analysis of system water supply and drainage efficiency 

4.1.1. Basic fluid control equations. Based on the fundamental laws of physics that are satisfied when a 

fluid is in motion, we have established the basic equations of fluid mechanics. The basic laws of fluid 

mechanics mainly contain mass, momentum, momentum moment and the laws of conservation of energy 

and the second law of thermodynamics. 

1) Continuity equations. The law of conservation of mass [37] can be expressed as follows: in a certain 

time, the volume of fluid inflow into a certain space is equal to the volume of outflow or the net increase of 

fluid in the space is equal to the inflow minus the outflow. Based on this law, we can obtain the equation of 

conservation of mass: 

 
( ) ( ) ( )

0
u v w

t x y z

      
   
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 (5) 

Where,   is the density, t  is the time, and , ,u v w  denotes the components of the velocity vector in 

each of the , ,x y z  directions. 

2) Momentum equation. The law of conservation of momentum can be expressed as follows: for an 

infinitesimal space fluid momentum of the rate of change of time and the external action in the space of the 

sum of all forces. According to this law, the equation of conservation of momentum in the x, y and z 

directions can be derived: 
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where 
() () ()

() , u v wgrad S S S
x y z

  
  
  

、 、  is the generalized source term of the momentum equation. 



1774 X. CHEN 

4.1.2. Turbulence modeling. Turbulence is the most commonly encountered flow state in engineering 

and hence turbulence modeling [38-39] is the most basic flow model we use in simulation studies. Fluids 

are all turbulent where there is a change in velocity. The movement of water in building drainage systems 

is complex and the velocity changes rapidly, thus it is a turbulent flow. The best turbulence simulation 

calculation method is not to introduce any model but to solve the full simulation of the transient 3D N-S 

equations within the grid size of the turbulent region. In the engineering simulation, we choose different 

turbulence models according to the different motion conditions of the fluid, and the turbulence models 

provided by Fluent system include: single-equation model, Reynolds stress model and large eddy 

simulation. 

4.1.3. Wall function method. Water movement in pipes can be viewed as near-wall zone flow. It has been 

found that the fully developed turbulent flow with solid wall surfaces can be divided into a wall zone and a 

core zone at different distances along the wall normal. We usually identify the core region as belonging to 

the fully turbulent region, while the wall region includes several sublayers, none of which are fully 

turbulent. The most used method for this problem is the wall function method. The basic idea is that the 
k    model is used to compute the turbulent core region, but not the wall region, and then a semi-

empirical formula is used to directly link the physical quantities at the wall to the computed variables 

within the turbulent core region, so that we can know the values of the nodal variables on the control 

volume adjacent to the wall without having to compute the flow within the wall region. 
k   The boundary conditions for the turbulent kinetic energy k  at the wall in the model are: 

 0
k

n





 (7) 

where n  is the local coordinate perpendicular to the wall. 

4.1.4. Simulated experimental conditions. This section mainly focuses on two-dimensional numerical 

simulation of the water supply and drainage system of high-rise buildings using Fluent. High-rise building 

water supply and drainage system riser bottom and upper part of the discharge pipe and each level of the 

horizontal branch pipe, the water flow in the riser is presented in the vertical downward movement of the 

flow pattern, water flow energy between the transformation and the change of pressure in the pipeline are 

very violent. As the drainage system drainage are intermittent, so the drainage riser inside the sewage is 

discontinuous non-uniform flow. 

The simulation experimental study uses the drainage system on the 1st floor of a building as a drainage 

test point, which is 100 meters high, with a total of 30 floors and a floor height of 3 meters. For the 

convenience of the test operation, the water pipes were set up 1.2 meters above the ground level of each 

floor. This test is mainly 20~25 floors as the drainage test floor. In addition to the special ventilation risers 

and ventilation risers and drainage risers connecting pipe diameter DN75, other pipe diameter is DN100. 

1.4 meters from the ground level of each floor risers, set up a check port, monitoring risers in different 

floors to the drainage flow, the data collected for the analysis of drainage efficiency provides a more reliable 

basis. The pipes used in the test are U-PVC plastic pipes. 

4.1.5. Drainage efficiency simulation results. In order to explore the performance of the high-rise 

building water supply and drainage system designed under the BIM collaborative green new energy fire 

protection technology, the simulation results are quantitatively analyzed in this section under the above 

conditions. Figure 3 shows the results of the variation of feed and drain efficiency of high-rise building 

based on the system in this paper. 

From the figure, it can be seen that the system's feed and drain efficiency shows a decreasing trend as 

the floors increase, and at the 25th floor, the feed and drain efficiency provided by this paper's system is 

80.45% and 84.52%, respectively. This may still be because the lower floors are superior to the shorter 

water pipes, as well as the relatively small pressure in the pipe, making its water supply and drainage 
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efficiency relatively high. However, comprehensively, basically this paper's system of high-rise building 

water supply and drainage efficiency in more than 80%, can meet the daily needs, which shows the system 

of this paper has a better application value. 

 

Fig. 3. Results of the change of water efficiency of high-rise buildings 

4.2. Simulation experiment of fire fighting effect of water supply and drainage system 

In this paper, fire scenarios are simulated using Pyrosim software, which accurately predicts the 

distribution of fire smoke flow, fire temperature, and toxic and hazardous gas concentrations. This paper 

is based on an office building with a building height of 32 m, a building length of 50 m in the east-west 

direction, a width of 15 m in the north-south direction, a height of 4 m on each floor, and a total of 8 floors. 

The width of the room door is 1 m, and the height of the door is 2.2 m. There is a common elevator located 

in the middle of the floor, and two staircases are located in the middle and the east of the floor, which can 

be connected to the outdoor area, and the width of the building is 1.8 m and 1 m, respectively. 

The simulation environment adopts the average temperature of 25℃, the pressure is 101kPa, the indoor 

fire environment is relatively stable, without considering the influence of outdoor wind speed on the room, 

the simulation length is 1200s. 2 fire rooms are set up as a comparative analysis between the traditional 

fire fighting method and the green new energy fire fighting method. The two fire rooms are equipped with 

two fire-fighting measure implementation ports, both of which are activated when the detection 

temperature is 68℃. According to the actual situation, the two fire rooms are piled with a large amount of 

paper materials, the stack height is about 2 m. The heat release rate of the fire is 25 MW, and the fire 

category is rapid fire. Calculation can be obtained fire time = 15min. 

4.2.1. Simulation of fire temperature and CO concentration control. As an example to facilitate the 

comparative study, after the fire lasted for 10 minutes, we took the average temperature of the two fire 

rooms as a reference, and recorded the average CO concentration changes in the two rooms from 1 to 10 

minutes after the fire at the same time, and then implemented the fire fighting measures in each of them 

after 10 minutes, and recorded the temperature and CO concentration changes in the two rooms. 

Figure 4 shows the average temperature of the two rooms after the fire lasted for 10 minutes, and Figures 

5 and 6 show the temperatures of the two rooms after the implementation of traditional fire-fighting 

measures and green new energy fire-fighting measures, respectively. 

From the results of Fig. 4, it can be concluded that the average temperatures of the two rooms have 

exceeded 1200°C for a large area up to 1500°C during the 10 minutes of fire duration. After the subsequent 

treatment of fire fighting measures, it can be seen from Fig. 5 and Fig. 6 that the temperature of the room 

drops rapidly and the temperature of both rooms is below 1000 degrees Celsius. Comparison of the two 
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figures shows that the green new energy firefighting technology is more efficient in extinguishing the fire, 

and after 5 minutes, the temperature drops to 200~500℃. 

 

Fig. 4. The fire simulation lasts for the average temperature of the two rooms 

 

Fig. 5. The temperature of the traditional fire control measures 
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Fig. 6. The temperature of the rear room of green energy fire control measures 

In addition, Fig. 7 demonstrates the CO concentration change curve in the fire simulation experiment. 

As can be seen from the figure, the average CO concentration in the two rooms showed a continuous 

increasing trend before the firefighting measures were taken. Until after 10 minutes, the appropriate fire-

fighting techniques were taken, which caused the CO concentration in the two rooms to start decreasing. 

According to the data in the graph, the green new energy fire-fighting technology has a better inhibition 

effect on CO concentration until 15 minutes, the CO concentration in the room has been lowered to 

3082.649ppm, which is 54.45% lower than the comparison room. 

 

Fig. 7. The curve of the CO concentration in the fire simulation experiment 

4.2.2. Assessment of fire-fighting performance of green new energy fire-fighting technologies. A 

thermal power plant construction project centralized control room water supply and drainage system 

design as an engineering prototype. Setting under BIM technology, gas halogenated hydrocarbon fire 
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extinguishing agent, carbon dioxide fire extinguishing agent, fine water mist fire extinguishing technology, 

aerosol fire extinguishing technology, inert gas fire extinguishing agent, non-volatile halon alternative, 

foam fire extinguishing agent as green new energy fire fighting technology used in this section, combined 

with the traditional fire fighting technology, which are recorded as the fire fighting measures 1-8 in turn, 

and carry out the simulation analysis of fire fighting performance. The simulation results such as 

extinguishing time, smoke concentration and O2 concentration of each method were obtained and are 

shown in Table 1. 

The simulation test concluded that the performance of green new energy firefighting technology is 

higher than that of the traditional way, both in terms of fire extinguishing speed and smoke concentration 

residual. Among them, the fire extinguishing efficiency is increased by 31.69%~54.52 compared with the 

traditional method, and the smoke residual concentration after extinguishing the fire, the new energy fire 

technology can make it fall to the normal concentration range, i.e., less than 100 ppm, while the smoke 

residual concentration of the traditional method is 129.18 ppm. 
Table 1. The results of the time of the extinguishing CO and the O2 concentration 

Fire fighting 

measures 
Extinguishing time (s) Smoke concentration (ppm) O2 concentration (ppm) 

1 39.86 57.28 523.64 

2 59.87 67.07 402.3 

3 58.04 74.19 474.42 

4 43.5 75.62 530.75 

5 46.3 62.41 442.25 

6 57.03 50.09 607.47 

7 41.89 57.28 523.64 

8 87.65 129.18 657.62 

5. Conclusion 

This paper discusses the impact of the integration of BIM and green new energy fire protection technology 

into the design of water supply and drainage system of high-rise buildings on the efficiency of fire treatment. 

Through the BIM-based fire protection module and new energy green fire protection key technology, 

water supply and drainage efficiency analysis and fire simulation experiments are conducted. The 

experimental results are summarized in this section: 

The feasibility of BIM synergistic green new energy fire protection technology: 

The satisfaction survey of fire fighting efficiency evaluation index shows that the index “clean in the fire 

extinguishing process, does not cause secondary pollution, and short atmospheric retention time” has the 

highest score of 4.54 points. 

Water supply and drainage efficiency analysis: 

This paper based on BIM and green new energy fire technology design of water supply and drainage 

system has good performance, water supply and drainage efficiency in high-rise building simulation results 

more than 80%. 

Fire simulation simulation results: 

1) The water supply and drainage system designed under BIM fusion with green new energy fire protection 

technology can rapidly reduce the temperature of the fire room as well as the CO concentration, and after 

15 minutes of the experiment, the CO concentration is reduced to 3082.649 ppm. 

2) The simulation test shows that the fire extinguishing efficiency of green new energy fire fighting 

technology is increased by 31.69%~54.52 compared with the traditional way, and it can reduce the smoke 

concentration to less than 100ppm. 
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