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l. Introduction

When designing a duct system, it is important to take into account the pressure drop along
different fittings in order to understand how air flows through the system. The desired air flow is
dependent on the shape and length of the different fittings, but these characteristics are limited by
the environment. The ASHRAE Duct Fitting Database is a useful resource for determining the
appropriate fitting for different scenarios, but it does not yet have information on all duct fittings

available [1].

Flat-oval fittings are used when space is limited; however, not much data is available about
them. In the ASHRAE Duct Fitting Database, compared to the data available for round and
rectangular ducts, only a few flat-oval fittings have data readily available. This is in part because
lab experiments are relatively expensive and difficult to set up. In order to populate the database
with flat-oval fittings data, this project will use Computer Fluid Dynamics (CFD) to first,
validate that CFD can be used in place of lab experiments and second, find the pressure drops

along flat-oval fittings that are not yet in the database.

I[I. Literature Review

Pressure drop along a duct fitting is a product of surface friction and drag due to separation.
It varies with velocity, duct size and length, and wall roughness [10]. Additionally, when there is
turbulent flow due to sudden changes in direction, like in elbows, the pressure loss becomes

greater than in straight ducts of a similar effective length.

For the most part, the pressure drops along duct fittings of different cross sections are found
through lab experiments [3-5,11-13]. The results from these experiments were used to populate

the ASHRAE Duct Fitting Database. If the dimensions of a duct fitting are inputted into the



database, the pressure drop can be calculated by interpolation from existing data. To get accurate
results from a lab experiment, it is necessary to have a flow development section before the duct
fitting being observed, the length of which varies depending on the fitting. This set up requires a

large area and is relatively expensive to setup.

To replace the need for lab experiments, there have been studies into the performance of
CFD as a method to find pressure drop and loss coefficients along fittings. Pressure drop and loss

coefficient are related by the following equation:

AP = CVp (1)

where AP is the pressure drop, C is the loss coefficient, and V, is velocity pressure. Since they

are directly related, any conclusions about loss coefficients can be applied to pressure drops.

In general, there is a consensus that CFD can be used, but more research is still needed. A
study performed by Mumma et al determined that surface roughness could not be ignored when
performing a computer simulation, as assuming smooth walls resulted in notable discrepancies
[8]. An investigation performed by Liu et al found that varying the surface roughness of straight
ducts varied the predicted pressure loss coefficients as well, indicating there is a relationship
between the two [6]. Gutovic et al performed a CFD analysis on flat-oval duct fittings to find
loss coefficients and found that, while the CFD results had the same physical trend as the
experimental results, they differed quantitatively [2]. However, in another study by Manning et

al, it was concluded that CFD could be used to predict the magnitude of loss coefficients [7].

It is important to note that the flow through air ducts is not completely uniform throughout
the entire profile of the duct fitting [9]. The flow near the walls of duct fittings are dependent on

roughness of the boundaries, while the flow through the center region is independent of them.



[11.  Objective and Deliverables

The objective of this project is to, first, validate that CFD can be used to find the pressure
drop along flat-oval fittings by comparing the simulated results to experimental results found in
the ASHRAE Database. In the CFD studies mentioned in the previous section, the results were
considered successful if the computed pressure drops or loss coefficients fell within 15% of the

experimental data.

After verifying the validity of CFD, the same equations and setup in Fluent will be used to

find the pressure drop of flat-oval fittings that are not yet in the ASHRAE database.

IV. Methods

The CFD package used will be Fluent 19.0, in which there are many viscous models
available. From the mentioned studies using CFD, the k- and RSM models provide the most
accurate results for steady-state flow. The LES model, which is also available in Fluent, works

best for transient flow, which will not be looked at in the project.

An iterative process will be used to verify the mesh used on each fitting gives accurate
results. The average aspect ratio and element qualities of the elements should be as close to 1 as
possible, and the average skewness should be as close to zero as possible. After the program is
first run, it will be run again with a finer mesh. If the results do not change significantly, the
mesh used originally is satisfactory. However, if the results are noticeably different, then the

analysis will need to be run again until a good mesh is found.

The only flat oval fittings available on the ASHRAE Duct Database are the straight duct and

the 5 gore 90° hard bend. Therefore, these fittings will be used to validate the CFD process and



find an appropriate model that can be used for other fittings. A model is considered successful if

there is less than a 15% error between the computer results and the database.
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Figure 1: Flat Oval Straight Duct [1]

Figure 2: Flat Oval 5 Gore 90° Hard Bend [1]

Once a model is found, it will be validated once again using the round 90° mitered elbow

and the 3 gore 45° elbow. These fittings were chosen to determine whether or not the CFD model
could be used for fittings with sudden changes in direction and angles that are less than 90°. If

not, the model will be modified until it is successful.
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Figure 3: Round 90° Mitered Elbow [1]
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Figure 4: Round 3 Gore 45° Elbow [1]

Second, flat oval versions of the round ducts will be looked at. Another reason the round
fittings were chosen was because they could potentially be manufactured with flat oval cross

sections. If time allows, more theoretical flat oval fittings will be looked at.
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