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ABSTRACT 
 

This work presents an ongoing numerical and experimental study of the 

flow around a pickup vehicle by means of CFD simulations and wind tunnel 
experiments. The model was based on the light-pickup market in Brazil and 

it was designed with flat surfaces and sharp edges. One of the objectives of 

this research was the understanding about the flow pattern around the 

vehicle, especially in the region behind the cabin and the wake. Another 

goal was to obtain original data from experimental measurements which 
could be used on further computational investigations. The experiments 

were carried out in a low-speed wind tunnel at Reynolds number of 5 x 105.  

Hot-wire anemometry was used to obtain the velocity profiles. Wall tufts 

were applied to describe the flow direction and regions of attached/detached 

and recirculation zones. Acceleration due to the underbody and the shear 
layer formed on the cabin were well defined, also indicating a region of 

reverse flow behind the tailgate. The flow visualization allowed the 

identification of recirculation regions inside the trunk and regions  of 

detached flow. These flow patterns were also reproduced in the CFD 

simulations resulting satisfactory information to describe the main flow 
pattern over the pickup vehicle.  
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NOMENCLATURE 

 

U uniform flow velocity, m/s 

Y+ dimensionless wall d istance 

I turbulent intensity, % 

k turbulent kinetic energy, m
2
/s

2
 

L pickup length, m 

l pickup bed length, m 

P pressure, N/m
2
 

P1 position 1 – upstream, mm 

P2 position 2 – downstream, mm 

P3 position 3 – downstream, mm 

Cp pressure coefficient 

ReL Reynolds number based on pickup length 

St Strouhal number 

T acquisition time, s 

H shape factor 

x,y,z cartesian coordinates, m 

 

Greek symbols 

 

 blockage ratio, % 

 layer thickness, mm 

 displacement thickness, mm 

 dissipation rate, 1/s 

 flu id kinematic v iscosity, m
2
/s 

 density, kg/m
3
 

 

Subscripts 

 

0 undisturbed flow 

RMS root mean square 

turb turbulent 

max maximum 

 

INTRODUCTION 

 

The knowledge of the flow pattern over a 

commercial vehicle such as pickups  is very important 

in the modern automotive industry. As pointed by 

Almeida et al. (2017), the presence of an open trunk 

is responsible for a unique flow topology within a 

natural great interest for manufacture’s research. 

Also, academic works are being developed at this 

time. In fact, the improvement in the aerodynamic 

performance of pickup trucks is very important in the 

present market  especially because these vehicles have 

drag coefficients higher than other ones, such as 

passenger car or sports utility vehicles (SUVs). 

Therefore, the study of the aerodynamic of pickups 

plays a role in fuel consumption because any 

improvement in drag reduction means fuel efficiency 

saving lots of money in the current global market.  

A notable example of initiat ives for researching 

in this specific area of commercial vehicles is the 

Brazilian INOVAR-AUTO program 

(http://www.inovarauto.mdic.gov.br/InovarAuto/publ

ic/inovar.jspx?_adf.cirl-state-6nan5b3fo_9  <accessed 

in 05/04/2015>), which intends to promote R&D 

investments for companies that produce, distribute or 

present projects to invest in the automotive 

production in Brazil – Almeida et al. (2017). One of 

its pillars is reducing fuel consumption, for instance, 

a decrease of 18.84% by 2017 will result in 2% direct 
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tax reduction for the final product. In this context, it 

is known that the mix of passengers and cargo fills a 

specific demand but remains representative in the 

automotive market. In 2014, according to 

FENABRAVE (National Federation for Vehicle 

Distribution) they comprehend 83.11% of the 

licensing for the light commercial sub segment 

(composed by pickups and vans) what represented 

12.68% of total Brazilian automotive market 

(including car, t rucks and buses) 

(http://www3.fenabrave.org.br:8092/plus/modulos/co

nteudo/?tac=dados-regionais-dados <accessed in 

05/04/2015>). In November 2015, pickups 

represented 9% of auto sales in United States 

according to the Wall Street Journal 

(http://online.wsj.com/mdc/public/page/2_3022-

autosales.html <accessed in 05/04/2015>). Although 

the analysis of the external flow around pickups is 

mostly restrict to the manufactures, it attracts 

academic work due to its complex trid imensional 

flow, even serving as test case for numerical 

algorithms under development. Experimental and 

numerical works discuss the subject, focused mostly 

in flow description and drag estimation/reduction 

techniques. 

A closely view in  the literature points out to 

previous numerical and experimental studies on 

simplified geometries and some like to the market 

pickup trucks models, according to the works of Al-

Garni et al. (2003), Cooper (2004), Agelin-

Chaab (2014) among others. However, it is important 

to observe that the amount of data and geometry 

available is still very restricted and impose some 

difficult ies to enhance the knowledge about the 

subject. A major contribution to the academic study 

of pickup’s aerodynamic was made by Al-

Garni (2003, 2008) and Al-Garni and Bernal (2010) 

for a generic model, scale 1/12, where PIV and 

pressure measurements were conducted. These works 

provided information about the geometry and flu id 

dynamics data giving a better understanding of the 

flow variation inside the bed and near wake of the 

tailgate. The proposed geometry and the results of 

Al-Garni et al. (2003) are recurrent on academic 

literature, so far. Also, very similar flow topologies 

were obtained with different geometries, Mokhtar et 

al. (2009), Ha et al. (2009) as additional examples. 

This numerical and experimental study was 

aimed to the general description of the external flow 

around a pickup vehicle. A simplified model was 

built from averaged dimensions of the vehicles with 

the biggest market share in the Brazilian light pickups 

market. Two objectives were envisaged in this work 

being the first one related to a better understanding of 

the flow pattern around such vehicle and a second 

goal for providing a new geometry, like commercial 

pickups, and fluid dynamics data for fu rther 

investigations by using computational fluid dynamics 

(CFD). Th is work is part of an ongoing research on 

aerodynamic of commercial vehicles such as pickup, 

SUV’s (Sport Utility Vehicles) and notchbacks, and it 

has been developed under the INOVAR-AUTO 

program to improve aerodynamic and consequently 

reduce fuel consumption. 

 

TES T ARTICLE 

 

To have a geometry (test-article) that 

characterizes the most common commercial vehicles 

in the Brazilian market, a statistical averaged-model 

was stablished based upon the most typical models in 

the light pickup market. 

As presented by Almeida et al. (2017), 26 

external dimensions were obtained from 

manufacturer’s website, customer manuals and from 

photographs which have been processed to generate 

the final geometry –  Table 1. A mean error of 4.5% is 

observed for all the scale tests. The final model 

dimensions (mm) are presented in Fig. 2. 
 

 
 

Figure1. Brazilian’s light pickups licensing in July 

2014 (source: Fenabrave) – after Pinto (2016). 
 

Table 1. Statistics of dimension-analysis – Mean-

model. 

 
 

The model was designed in the software 

CATIA® V5R20 using the dimensions presented on 

Table 1 considering the proper tire -dimension for 

each model. The model was made entirely composed 

by sharp edges and flat surfaces; the three-views 

drawing is also presented in Fig.2. The sharp-edge 

and flat-surfaces model was labeled as “baseline”. To 

comprehend the effects of the sharp edges, a second 

version of the model (“rounded” version) was 

prepared by adding a fillet of 15 mm on all the 
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external edges and a fillet of 6 mm on the exterior of 

the bed; the bed interior is the same for the baseline 

model. Both models are also illustrated in Figure 2. 

The baseline model to be tested in the wind 

tunnel was printed in the scale 1/10
th

 using a 

MakerBot 3D® printer with an ABS filament of 

1.5 mm d iameter. Additional superficial texture and 

corrections for some distortions were applied to the 

models. The finalized model is presented in Fig. 3.  

 

 
 

 
 

Figure 2. Final p ickup-model main dimensions. 

 

 
 

Figure 3. Pickup truck test article (1/10
th

 scale). 

 

As this is an ongoing study, in this work only  

the results for the baseline (pickup with flat surfaces) 

configuration will be shown. Additional data is being 

gathered for the pickup with 15 mm fillet (rounded 

version) and it will be presented in future 

publications. 

 

EXPERIMENTAL ARRANGEMENT  

 

The experiments were carried out in TV-60, a 

low-speed wind tunnel with cross -sectional area of 

60 x 60 cm
2
 located at the External Aerodynamics 

Research Center (CPAERO) from Federal University 

of Uberlandia, Brazil, as illustrated in Fig. 4. The 

maximum air speed in the wind tunnel test section is 

approximately 30 m/s with min imal blockage. As 

discussed by Almeida et al. (2017), the turbulence 

intensity at top-speeds is around 0.5 – 0.8%, 

providing a good flow quality for aerodynamics 

analyses in this size of equipment. 

Additional details for the experimental work 

could be gathered in Almeida et al. (2017). The 

model was mounted inside the test section with no 

movable ground. Measurements of the displacement 

thickness of the ground boundary layer were carried 

out before proceeding to the tests with the model. The 

maximum measured displacement thickness on 

empty test section was around 1 mm, what represents 

4.5% of the ground clearance. 

 

 
 

Figure 4. Wind Tunnel test-facility (TV-60 - 

CPAERO). 

 

As described in Almeida et al. (2017), hot-wire 

anemometry system was applied to quantify the flow 

upstream and downstream the vehicle, as illustrated 

by Fig. 5. 

The velocity profile measurements points were 

placed on three different axes at the symmetry p lane 

of the pickup (see Fig. 5): 78 mm – bed’s length (l) - 

before the model (P1); 50 mm and 92.57 mm –  

approximately tailgate height (h) and its first multiple 

- after the model (P2 and P3, respectively). As 

discussed by Almeida et al. (20017), no previous 

study has helped to select these locations since at the 

time there was no informat ion about the size of the 

recircu lation zone behind the vehicle. 

 

 
 

Figure 5. Hot-wire anemometry acquisition points – 

velocity profiles, after A lmeida et al. (2017). 

 

Measurements were performed from the ground 
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starting at 5 mm up to 170 mm, each 5 mm (total of 

34 measurements points per position), being these 

positions one of the restrictions of the positioning 

device (traverse system). To complement the flow 

analysis, wall tufts were applied as flow visualization 

technique. Wool tufts of 15 mm long were glued on 

some parts of the pickup walls as described in Fig. 6. 

 

 
 

Figure 6. Pickup model with wool tufts. 

 

The tests were recorded with a high definit ion 

camera posed on a tripod in front the fiber-glass wind 

tunnel’s window. The effects on the trunk were also 

registered from the top via a hole on test section roof 

using an additional camera. Record ing were made for 

two flow velocities investigated: 16.7 and 25.0 m/s.  

 

NUMERICAL APPROACH 

 

The three-dimensional (3D) flow field  

simulation around the pickup model was performed 

using the steady Reynolds Averaged Navier-Stokes 

equations (RANS) with the aid of the commercial 

software STAR-CCM+. The turbulence model was 

the SST k-, proposed by Menter (1994), with 

standard coefficients. This model was selected due to 

its good applicability and results in adverse pressure 

gradients and separating flow conditions as indicated 

by HA et al. (2011). So lution was based on the 

segregated flow model (2nd order upwind convection 

scheme) with all y+ wall treatment. Fluid was 

incompressible air (standard properties: 1.18 kg/m
3
 

density and 1.85 × 10
-5

 Pa.s dynamic viscosity); 

reference pressure was also let on standard 

(P = 101,325 kPa). To reproduce the wind tunnel set-

up, the ground was kept fixed and wheels were with 

no rotation, both surfaces with non-slip conditions. 

The far field (both upper field and side field) was 

defined as walls with slip condition. Inlet flow 

condition was set with constant velocity (16.67 and 

25.00 m/s), turbulent intensity was set to 1% and the 

turbulent velocity scale was fixed at 10% of the free 

stream velocity. The mesh was created in the 

software ANSYS ICEM CFD 16.0 and the 

numerical domain dimensions were based on the 

vehicle’s length L and follow the proportions used by 

Ha et al. (2011). As summarized on Fig. 7, the in let 

condition was placed forward the model at 10L, the 

outlet was located 20L downstream the model, the 

superior limit of the domain was at 10L of the ground 

and the lateral limit was placed after 7.5L the model. 

Only half of the model was simulated with 0.06% 

blockage ratio. 

 

 
 

Figure 7. Refinement regions on symmetry plan (L is 

the pickup length; I is the trunk length; and W is the 

pickup width. 

 

For better accuracy for flow representation, the 

elements of the mesh were refined in specific regions, 

especially in the trunk and in the wake. Five 

volumetric regions, defined by letters (A) to (E) in 

Fig.7, represents the different mesh refinement 

applied in this work, according to the following 

parameters: 

- trunk density: element size of 2 mm, 

corresponds to the trunk and the closer portion of the 

wake. It starts at the end of the rear surface of the 

cabin; Labelled as (A) on diagram;  

- wake density: element size of 5 mm, 

comprehends both the later wake and the underbody 

of the model; (B) on diagram;  

- inner density: size o f 10 mm, englobes all the 

pickup and affects both before and after the model; 

(C) on diagram;  

- outer density: size of 40 mm, an expansion of 

the previous density; (D) on diagram. 
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- wheel density: variable size, min imum of 0.5 

mm on the contact with the ground; one for each 

wheel, not represented in the diagram. 

On the rest of the domain – represented as (E) - 

the element size was defined as the length of the 

pickup (447 mm). Some details of the surface mesh 

refinement of wheels and trunk is given in Fig. 8.  

The main refinement regions and the boundary 

elements are depicted on Fig. 9, which represents the 

surface mesh on the symmetry p lane.  

The mesh used in this work, namely baseline-

mesh, was around 8 million elements. Previous works 

also used RANS simulat ions: Mokhtar et al. (2009) 

with 700 thousand; Moussa et al. (2015) used 3 

million cells for half domain (symmetry); 

Guilmineau (2010) with 16.6 million; Ha et al. (2011) 

with 3 million; Holloway et al.  (2009) used 26 

million and Chen and Khalighi (2015) with 39 

million, for the complete vehicle. In comparison to 

previous work and due to the main focus of 

describing the mean flow structures, the mesh was 

considered reasonable, especially for the available 

computational capacity. The CFD calculations were 

performed in a workstation with an Intel Core i7-

3930K (3.20 GHz) processor with twelve cores (six 

physical) and 48.0 GB RAM memory. For this  

numerical approach, mean iteration time was 12 

seconds when all cores were used. Due to the 

complexity of the problem and its transient behavior 

(Holloway et al. (2009)), relative high order residuals 

were ach ieved for all considered quantities, as seen 

on Fig.10. Also, mesh quality was highly restricted 

by the elements at the contacts of the wheels with the 

ground, leading to the existent residuals fluctuations. 

 

 

 
 

Figure 8. Surface mesh of wheel (top) and trunk 

(bottom). 

 
 

Figure 9. Numerical surface mesh on symmetry 

plane pickup – Baseline mesh). 

 

 
 

Figure 10. Residuals monitor fo r simulat ion with 

Baseline mesh (U0 = 25 m/s). 

 

RES ULTS AND DISCUSS ION 

 

Quantitative and qualitative numerical and 

experimental results are presented in the next 

subsections showing respectively, u-velocity profiles 

upstream and downstream the model, spectral 

analysis of the velocity signals recorded in the 

pickup’s wake and a comparison between wall tufts 

flow visualizat ion and shear-stress streamlines 

obtained by CFD, which are illustrated to 

characterize the flow pattern around the pickup 

model. At the end part of this section, additional 

pressure coefficient (cp) calculation over the pickup 

surface and the aerodynamics force coefficients are 

given from the CFD calculat ions at this time of 

research. Additional wind tunnel test data will be 

gathered in near future to complement this analysis 

and will be shown in other publications. All the 

results allowed a satisfactory characterization of the 

flow pattern over the pickup truck model showing 

potential for research and development studies with 

pickups with relatively low-cost methodologies to 

analyze such class of problem in aerodynamics of 

road vehicles. 

 

Quantitative – Velocity Profiles 

 

Data from the wind tunnel flow quality has been 

presented by Almeida et al.  (2017) and will be not 

reproduced herein. Flow uniformity was expected 

upstream the pickup model. The turbulent intensity 

was around 0.81% for the range of velocities 

investigated in this work. 

Fig. 11 and Fig. 12 presents the numerical and 

experimental velocity profiles for the three points 

investigated (P1) at upstream position and (P2), (P3) 

at downstream position. In these plots the measured 

u-velocity (U) was normalized by the maximum 
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measured velocity (Umax) in the vertical line. Fig. 11 

describes the u-velocity profile for a flow speed of 

16.7 m/s and Fig. 12 describes the u-velocity profile 

for a flow speed of 25 m/s. 

 

0.00 0.25 0.50 0.75 1.00
0

20

40

60

80

100

120

140

160

 

 

 Experimental

 Numerical

Z
 [

m
m

]

U/U
max  

 

-0.25 0.00 0.25 0.50 0.75 1.00
0

20

40

60

80

100

120

140

160  Experimental

 Numerical

Z
 [

m
m

]

U/U
max

 
 

0.00 0.25 0.50 0.75 1.00
0

20

40

60

80

100

120

140

160  Experimental

 Numerical

Z
 [

m
m

]

U/U
max  

 

Figure 11. Numerical and experimental velocity 

profiles at U0=16.7 m/s. 

 

The comparison with CFD results has indicated 

the same trend for all plots. On P1 (upstream the 

model) boundary layer was defined between 0 to 

10 mm, deviation outside the boundary layer region 

was of the order of 1%. For P2, there was an increase 

of velocity until 40 mm that can be associated to 

underbody flow accelerat ion, fo llowed by a rap id 

decrease. A region of reverse flow could be identified 

after the trunk being in the data represented by a 

plateau of absolute values 6 m/s for U0 = 16.7 m/s 

and 9 m/s for U0 = 25.0 m/s from around 60 to 

90 mm on the rear profiles . The wake continues until 

the highest point considered (170 mm). At the last 

position, the curve was the same that the one 

observed in the previous acquisition plane, however 

the structures are dislocated in position and velocity 

magnitude (higher and slower).  

When analyzing the profiles acquired on the 

wake (P2 and P3), it was noticed that the 

experimental curves are smother than the numerical 

ones and the minimum speed was around 5 m/s, 

despite the expected negative magnitudes on this 

region of reverse flow, as ind icated by the numerical 

results. However, due to the limitations of the 

measuring technique, values outside the calibration 

regions (including negative velocities) were not 

correctly acquired and could not indicate the intensity 

of the reverse flow region. In this case, the minimum 

velocity for almost all points was fixed around 1 m/s 

(the calibrat ion inferio r limit ). In this case, the hot-

wire probe was either inside or crossing the reverse 

flow zone behind the tailgate, by assuming that in the 

experiment the location was the same as in CFD data.  
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Figure 12. Numerical and experimental velocity 

profiles at U0=25 m/s. 
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Vortex shedding frequency could be obtained 

using spectral analysis of the velocity signals 

recorded on the wake. Spectral study of the acquired 

signals was performed by using MATLAB Fast 

Fourier Transform function. Fig. 13 illustrates energy 

distribution for signal acquired at Z = 55 mm on P2 

and P3. For the example, a global peak was noticed 

around 45 Hz, however, many scales are excited on 

the wake of the tested geometry, what denotes that 

the flow is completely developed and turbulent 

following a -5/3 k rule fo r turbulent kinetic energy 

cascade, as depicted in the Fig. 13. 

Energy distribution on frequency scale for all 

tested positions on wake is presented on Fig. 14. 

Each column of the grid is the spectral distribution of 

the signal obtained with the probe on the position 

represented on the abscissa axis for the two positions 

on symmetry plane (P2 and P3). For clarity, spectra 

presented on the grid representation are performed 

for 1024 points; higher discretization was used for 

vortex shedding frequency determination.  

 

 
 

 
 

Figure 13. Spectral energy distribution for velocity 

signal acquired at P2 (top) and P3 (bottom), Z = 55 

mm (U0 = 25 m/s), using unity as reference for 

decibels (smoothed curve in red).  

 

For U0 = 16.7 m/s, higher magnitudes are seen 

for a frequency bandwidth of [40; 60] Hz, and on the 

same level of the negative velocities in the numerical 

profiles (Z = 40-60 mm). The other tested velocity 

presented more intense values on the vicinity of 60 

Hz for Z = 60 mm.  

Both locations of higher energy can be 

associated with the shear boundary formed on the 

rear-overhang of the pickup. Frequencies that 

corresponded to the global energy peak and the 

corresponding Strouhal number (the height of the 

model was used as characteristic dimension) are 

listed on Table 2. The mean was 0.378, for a hot-wire 

probe placed 15 mm behind the tailgate, Ha et 

al. (2011) observed a peak around f = 30 Hz, that 

corresponds to St = 0.167. One of the reasons for this 

discrepancy in the Strouhal number may be 

associated to the flat surfaces and sharp edges of the 

pickup, which have been chosen to impose a well-

defined detached flow in some parts of the model, 

including the region behind tailgate.  

 

  

  

 
 

Figure 14. Spectral energy distribution of measured 

velocities on pickup wake at P2 (top) and P3 (bottom) 

for U0 = 16.7 m/s (left column) and U0 = 25.0 m/s 

(right column), using unity as reference for decibels. 

 

Table 2. Positions and frequencies of maximum 

spectral energy peaks on pickup wake. 

POSITION  U0 [m/s] 
Z 

[mm] 
F [HZ] St 

P2 
16.9 

55 41.634 0.370 

P3 65 43.594 0.387 

P2 
25.0 

55 64.827 0.389 

P3 65 61.012 0.366 

 

Qualitative – Flow Visualization 

 

One of the numerical results is exemplified  

through the contours of velocity on Fig. 15. The 

vectors were placed at the experimentally tested 

locations, providing a general overview about the 

velocity field around the pickup model.  
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Figure 15. Streamwise velocity field in symmetry 

plane and vectors on tested points (U0 = 25.0 m/s). 

 

On the first position (P1) it is possible to see the 

influence of the model on upstream flow. On wake, 

boundary layer evolution, accelerated flow from 

underbody and sequential shear boundary are noticed. 

For flow pattern visualization, wool tufts were 

placed on model wall. Wind tunnel testing was 

performed with two velocities: U0 = {16.7; 25.0} m/s. 

Videos and pictures were recorded from lateral of the 

pickup and above trunk. 

Fig. 16, Fig. 17 and Fig. 18 present frames of 

the recorded videos of the trunk and Fig. 19 

illustrates images registered laterally. No clear 

distinction in terms of flow pattern was observed 

from one velocity to another, indicating flow 

similarity inside the trunk and behind the tailgate. 

Therefore, comparison with numerical results are 

only made with the fastest velocity (U0 = 25 m/s), 

which is the one that has more discrepancy among 

flow zones. From Fig. 16 to Fig. 18 it was observed 

the presence of a recirculating flow inside the trunk 

with a small reg ion just behind the cabin where the 

flow was completely steady with no tufts elevated. A 

reverse flow was identified in the tailgate region, 

moving the tufts in the direction of the center of the 

trunk pointing to the existence of a recirculating 

bubble. 
 

 

 
 

Figure 16. Wall tufts on trunk for U0 = 16.7 m/s (top) 

and U0 = 25.0 m/s (bottom). 

To compare these results with CFD flow, shear 

stress streamlines are presented at the surfaces of the 

model in Fig. 18, showing a top view of the trunk. As 

identified, tufts on downstream of the trunk were 

elevated due to the presence of a recirculat ion zone 

also predicted on numerical simulations this flow 

pattern was noted only after the third line of tufts, 

thus, the recirculation did not take the entire trunk. 

Also, the reverse flow was completely captured by 

the CFD simulation, showing the interaction of this 

flow with the tailgate. Structures that are observed on 

overall model are illustrated in Fig. 19. Important 

features are highlighted and labeled sequentially.  

As a general description of the flow 

visualizat ion, flow recirculates above the hood. The 

limit of the recirculat ion zone is marked on curve (1) 

for both results; however, on experiments the 

recircu lation is limited by the hood-front windshield 

joint. Perturbed tufts at the vicinity of the curve (2) 

mark the presence of C-pillar vortex. The curve (3) 

delimitates tufts that are deviated up (above the 

curve) and down (under the curve). The disturbance 

of flow downstream the front wheel (4) is also 

identified. A zone with no adverse flow is delimited 

above curve (5). 

 

 

 
 

Figure 17. Wall tufts on trunk for U
0
 = 16.7 m/s (top) 

and U
0
 = 25.0 m/s (bottom). 

 

 
 

Figure 18. Trunk close wall flow topology for wall 

tufts test (left) and shear stress streamlines on trunk 

surface for BASELINE mesh (right) (U0 = 25.0 m/s). 
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Fig. 20 presents the normalized velocity field on 

the symmetry  plane obtained by CFD. Free stream air 

forms a stagnation zone in front of the pickup model. 

A detachment zone on the hood front leads to an 

important recirculation bubble that extends to the 

front windshield. As noticed on previous works, a 

recircu lation bubble is formed inside the trunk. For 

the proposed geometry, the bubble does not 

comprehend the entire trunk, smaller turbulent 

structures are formed on first 20% portion of the box, 

pushing the center of the bubble to the tailgate, as 

confirmed by the wall tufts. 

 

 
 

Figure 19. Numerical shear streamlines and wall tufts 

(U0 = 25 m/s). 

 

 

 
 

Figure 20. Normalized velocity field (top) and 

streamlines (bottom) on symmetry p lane, baseline 

model U0 = 25 m/s. 

 

There were no large recirculat ion zones outside 

the tailgate and a shear boundary was formed when 

the flow was encountered with accelerated air from 

underbody. A downwash on tailgate external surface 

was also present, as proposed on the literature. Thus, 

the flow pattern just behind the tailgate is quite 

complex, and in this case especially due to the 

underbody acceleration. Even though no big 

recircu lation zones were identified, it is possible to 

see the appearance of a small recirculat ing bubble in 

the bottom part of the tailgate due to the rendezvous 

between the upward and downward flow.  

To complement the numerical analysis, in the 

next subsections some quantitative results will be 

provided in terms of surface pressure coefficient 

distribution and drag coefficient. These data were 

obtained only in the CFD calculations at this time. 

Ongoing experimental tests are scheduled to 

complement this analysis. 

 

Surface pressure coefficient distribution 

 

Fig. 21 presents Cp (surface pressure 

coefficient) evolution for the cab, bed and underbody 

obtained from CFD simulat ions for the velocities 

U0 = 16.7 m/s and U0 = 25 m/s.  

 

 

 

 
 

Figure 21. Pressure coefficient on symmetry p lane of 

the cab (top), bed (middle) and underbody (bottom).  

 

For the cab, Cp graphs were very similar and 

followed the same behavior observed by Al-Garni 

and Bernal (2010): depression on hood and cabin top 

and global maximum value on front windshield. 
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Comparable trend was noted on bed, where there was 

a decrease of pressure until about 40% of the bed 

followed by an increase up to tailgate. However, the 

first 20% of bed presented a plateau of Cp = -0.2 

formed by the structures located between the cabin 

back surface and the recirculation zone. The flow 

velocity seemed to impose a different pattern in the 

bed, which was confirmed by the Cp plots for cabin 

rear surface and tailgate. On underbody, there was a 

depression caused by the recirculation of flow on 

front overhang, only noted on the solution due to the 

more refined discretization. A stagnation point was 

formed on the front end and a parabolic Cp evolution 

was observed for both solutions, which was not 

presented on graph. 

Differences were more visible on the cabin back 

surface and the tailgate, see Fig. 22. The recircu lating 

vortex phenomenon on trunk was the cause of the 

variations observed on bed also producing a higher 

Cp on cabin back for U0 = 25 m/s. On the external 

face of the tailgate the curves followed the same 

pattern with only a change in the Cp values. Outside 

tailgate, the trend was not completely similar for both 

flow reg imes, with large d iscrepancy on Cp values on 

tailgate root. An important aspect to notice in Fig 21 

and Fig 22 is that the curves are smooth, with 

minimum “wiggles” associated to the mesh 

discretizat ion and computational solution. 

 

 
 

 
 

Figure 22. Pressure coefficient on symmetry p lane of 

the cabin rear surface (top) and tailgate (bottom). 

 

Aerodynamic Drag Coefficient 

 

In terms of drag coefficient (CD), this flat 

surface and sharp edges pickup model presented a 

higher CD, when compared with others pickup model 

presented in literature. Global trend was the same as 

on previous works on generic pickups (Al-Garn i and 

Bernal (2010); Mokhtar et al. (2009)): for the tested 

speeds, with the increase of the velocity there was an 

increase of drag. The drag coefficient varied from 

0.5334 (U0 = 16.7 m/s) to 0.5376 (U0 = 25 m/s). 

In this work, the CD values were obtained only 

by CFD simulat ions since there was no experimental 

measurement of aerodynamics forces in the wind 

tunnel by the time of th is study. 

 

CONCLUS IONS  

 

A numerical and experimental study of the flow 

over a commercial vehicle of type pickup was 

conducted at Reynolds number of order 5  10
5
. The 

pickup model was based on the leaders of light 

pickup market in Brazil and it was designed only by 

flat surfaces and sharp edges to enhance the 

attached/detached/recirculation zones inside the flow 

field. The results reported in this paper served as 

basis for a better understanding of the flow pattern 

around such vehicle and as a baseline for further and 

enhanced investigations with different vehicle 

geometry. Velocity profiles measured with hot-wire 

allowed to identify some aspects of the recirculation 

zone behind the tailgate, however the size and the 

strength of this recirculation zone could not be 

measured with this technique. Wall tufts on surface’s 

model associated with the flow visualization from 

CFD gave a general overview about the entire flow 

field around the vehicle and the pressure distribution 

coefficient obtained only via CFD allowed to identify 

regions of high and low CP and its influence on 

aerodynamics.  

For the qualitative and quantitative techniques 

deployed to describe the flow around the generic 

pickup model, deviations were noticed from the CFD 

data. These differences could be either influenced by 

experimental conditions or limitations imposed by the 

turbulence modeling. However, we could verify that 

the global flow pattern was predicted numerically and 

that the RANS simulat ions were considered 

physically consistent.  

As part of an ongoing research, we have 

identified future work to be done such as refinement 

of numerical calcu lation with the test of different 

turbulence models and the use of unsteady simulation 

is essential on the continuation of this numerical 

approach. The use of other experimental procedures 

such as force coefficients quantification by an 

aerodynamics balance (which is underway) and oil 

visualizat ion methods is crucial to validate and 

extend the results. A study of drag reducing devices 

and different pickups configurations and geometries 

is envisaged as next step of this study. 
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