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Abstract―The use of elbow in the fluid mechanics system 

produces a larger pressure drop. The purpose of this research is 
to know the flow characteristic through square channel with 
elbow 90. The diamond-shaped body disturbance is placed at 10° 
inside the elbow inlet. This research was conducted in 3D 
simulation with standard k-3 turbulence model. The cross-
sectional area uses a square with a side size of 125 mm, then the 
hydraulic diameter (Dh) is 125 mm as well. The elbow curvature 
ratio (R / D) is set to 3. A body disorder with diagonal (l / D) 
ratio at 0.064, 0.08 and 0.1 is placed at 10° in the elbow inlet. 
The results in this study indicate that body disorders with 
diamond shape can delay the separation of flow and increase the 
intensity of turbulence flow. Finally, the results also show that 
the pressure drop is reduced. 
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I. INTRODUCTION1 
The process of high-rise building cooling systems such as 

self-service is not possible if only using a blower or air 
conditioning system. The cooling process requires the use 
of central air conditioning to circulate between hot and cold 
air. Air distribution must follow the order of every room, so 
it requires installation of piping in accordance with the 
shape of the building. The airway system in which there is 
fluid flow across the 90 ° elbow will result in a greater 
pressure drop than crossing the straight airways at the same 
free flow rate, resulting in greater energy losses. Optimal 
airway construction is expected to reduce the pressure drop 
in the airway system of a building. The effect of adding 
guide vane to pressure drop at installation using elbow. The 
best pressure drop on Reynolds (Re) is low, whereas in 
(Re), the high pressure drop increases[1]. Comparison of 
simulation and experiment results[2]. This simulation uses 
a turbulent model RSM (Reynolds Stress Model) with three 
variations of mesh density Vk = 553.052; 1.766.079; and 
1,034,775. There is a profile that approximates the 
experimental results in the mesh number of 1,034,775. The 
flow structure of the downstream channel is rectangular 
with variations in body disturbance in the form of diamonds 
and circular cylinders[3]. The study was conducted on the 
dimension of diamond disturbance of 20 mm x 20 mm and 
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the diameter of circular cylinder (D) 20 mm. The 
experimental results show that diamond disturbances 
produce higher turbulence intensity than circular cylinders. 
The drop in pressure drop on the placement of the circular 
disturbance body in front of the circular cylinder in a 
rectangular channel[4]. The study was conducted on 
circular (D) diameter 25mm and 37.5mm. From the results 
of this study it can be concluded that the addition of 
circular disturbance body can decrease drag and pressure 
drop but only effective at angle 20° and 30° for D = 25mm, 
and 20°, 30°, and 40° for D = 37.5mm. The effect of 
curvature will decrease due to the higher Re value, flow 
separation will increase if the curvature ratio gets 
smaller[5]. Secondary flow occurs because of different 
distribution energy on outer wall and inner wall[6]. The aim 
of this research is to know the fluid flow characteristic with 
the addition of Inlet Disturbance Body (IDB) in the form of 
rectangular cylinder oriented in 90o elbow with Rc / Dh = 3 
to know flow phenomenon ie speed profile and drop 
pressure at 90 square elbow and downstream channel area. 

II. LITERATURE REVIEW 
Numerical research is done by using Computational Fluid 

Dynamics (CFD) method. (Figure 1 and 2) 

III. RESULTS AND DISCUSSION 
The comparison of pressure drop results in the inlet 

section and outlet of the 90o elbow is shown in Figure 3. 
The smaller pressure drop values were obtained using L / 
Dh = 0.064 at low Re values compared to with IDB or 
without IDB L / Dh = 0.08; 0.1 with other variations of Re 
values. The existence of a bully makes the pressure drop 
into a drop, this happens because with the disruption of the 
flow velocity in the elbow is increasing and the momentum 
in the flow is increasing which makes the flow separation 
decreases so that the pressure drop is reduced. 
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Figure 1. (a) Geometry Research, (b). Details of diamond inlet position disturbance body position 

 
Figure 2. Meshing on channel with 90o elbow. 

 
Figure 3. Pressure Drop at Elbow with Reynolds Number variation. 
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