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1. INTRODUCTION 
     Gurney flap (GF) is named after the race car driver 

Dan Gurney, who first used this type of flap to increase 

the “down force” and thus the traction generated by the 

inverted wings on his race cars. GF is simply a short flat 

plate attached to the trailing edge perpendicular to the 

chord line on the pressure side of an airfoil (Fig. 1). 

Investigations have shown that GF increases the 
effective camber of the airfoil, which makes a 

significant increase in lift with only a small increase in 

drag as long as the flap height scales with the local 

boundary layer thickness. GF height typically ranges 

from less than 1% to about 5% of the chord length. 

 

2.  GF ON AIRFOILS, WINGS AND AIRCRAFT  
     Effect of GF on a low-speed airfoils were conducted 

by Liebeck [1] on a Newman airfoil, Li et al. [2] on a 

NACA0012 airfoil and concluded that GF is to 

substantially increase the maximum lift coefficient and 
it increases the effective camber of the airfoil and the 

stall angle is reduced, while the zero-lift angle of attack 

becomes increasingly more negative with an increase in 

the GF height (h). The result of such an airfoil is shown 

in Fig. 2. Similar results have been found for 

NACA4412 by Jang et al. [3-5], for NACA0011 airfoil 

by Myose et al. [6-9], for NACA0012 and e423 airfoil 

by Jeffrey et al. [10,11] and for LA203A and Gottingen 

797 airfoil by Giguere et al. [12]. When the height of 

the GF exceeds more than 2% c the drag coefficient of 

airfoil abruptly increases, this was pointed by Liebeck 

[1], Li et al. [2] and Giguere et al. [13] with others [14-

16] and suggested the optimum GF size for best lift-to-

drag ratio is determined by the flow condition at the 

trailing edge on the pressure side of airfoil and the flap 

to be submerged in the boundary layer. Investigation on 

mounting location (s) of GF on airfoil was carried out 

by Li et al. [17], Yen et al. [18] and McD Galbraith [19] 

and found that best performance can be  obtained when 

the GF is mounted at the trailing edge of the airfoil, Fig. 

3. Studies on GF mounting angle (θ) on airfoil at 45o, 
60o and 90o to the chord, Fig. 4, suggested that the 

inclined GFs may increase the lift-to-drag ratio by 

reducing the drag penalty [17, 20-22]. 
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Fig. 1 Gurney Flap configurations (a) Typical GF     (b) 
Saw toothed GF              (c) GF with slits               
(d) Perforated GF                 (e) T-Strips  

 

0.0

0.8

1.6

0 8 16
0.00

0.04

C
D

D
ra

g
 C

o
e

ff
ic

ie
n

t,
 C

D

 

 

L
if
t 

C
o

e
ff

ic
ie

n
t,

 C
L

 no GF

 h=0.5% c

 h=1.0% c

 h=1.5% c

 h=2.0% c

 h=3.0% c

C
L

Angle of Attack,  (Deg.)

 

 
Fig 2. Variation of Lift and drag coefficient vs. angle of   

attack with height (h) of Gurney flap (Ref. 19) 
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Fig 3. Lift and drag coefficient vs. angle of attack for 

            different Gurney flap locations (Ref. 19) 
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Fig. 4 Lift and drag coefficient vs. angle of attack for 

            different flap mounting angles (Ref. 19) 

Various configurations of GFs such as saw-toothed GF 

[14, 23-25], GFs with slits, holes, vortex generators [26] 

and perforated GF [27] were investigated and airfoil 

aerodynamics showed that these flaps can make the flow 

around the trailing edge more three-dimensional. These 

configurations moved the separation point forward over 

the upper surface of the airfoil with increasing the lift and 

reducing the drag as compared to a plain GF of same height.       

      An excellent review of their scope of application in 

airfoils, wings and aircraft is given by Wang et al. [28]. 

A combination of the Gurney flap with the trailing edge 
flap showed additional lift enhancement coupled with a 

reduction in lift-to-drag performance [29]. Colman [30] 

concluded Gurney flap enhance the lift coefficient of 

the airfoil, and that its performance is almost 

independent of the scales of the incoming turbulence. 

The tests were performed at turbulence intensity of 

1.8% and 3.5% and at a Reynolds number of 3x105. 

Cavanaugh et al. [31] carried out a wind tunnel test on a 

NACA 23012 wing of aspect ratio 6 equipped with 

Gurney flaps and trailing edge T-strips at Reynolds 

numbers of 1.95x106, 1.02x106 and 0.51x106. T-strip 

heights of 0.42%, 1.04%, 1.67%, 2.08%, 2.92%, 4.17% 
and 5.00% chord were tested and concluded that T-

strips produced an increase in the slope of the lift curve 

and an increase in maximum lift coefficient, but 

produced no shift in the wing zero-lift angle of attack. 

T-strips also produced a rearward shift in the wing 

aerodynamic center, but produced no increment in the 

pitching moment coefficient near zero lift.     
     GFs have proved to be very efficient and effective 
passive device in improving the lift characteristics of 
airfoil, but the mechanisms responsible for this have not 
been understood completely. As a part to throw light on 
this, pressure and velocity measurement on airfoil 
surface as well as PIV measurement and die-injection 
flow visualization has been carried out by various 
researchers [1-3, 6, 9, 14, 33-34]. Instantaneous flow 
patterns around the GF show a wake containing an 
alternatively shed Karman vortex sheet. The time 
averaged velocity profile concluded that the wake 
downstream the flap consisting of a pair of counter-
rotating vortices is turned downwards (Fig. 5a). It also 
shows the presence of an off-surface stagnation point 
downstream of the trailing edge. The presence of a pair 
of counter-rotating vortices downstream the GF results 
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in low pressure there, which reduces the adverse 
pressure gradient near the trailing edge of the airfoil. 
This leads to a delay or elimination of flow separation 
over the upper surface of the airfoil (Fig.  5 (b)) 
accompanied by a reduction in the boundary layer 
thickness. The vortices also increase the velocity over 
the upper surface, which in turn increase the suction on 
the rear body. On the other hand, the flow velocity 
upstream of the GF is reduced and the pressure on the 
lower surface of rear body is thus increased. The net 
effect of suction increase on the upper surface and 
pressure increase on the lower surface leads to an 

increase in the total circulation of the airfoil, giving rise 
to a lift enhancement by the GF. A NACA 4412 airfoil 
was tested, in a boundary layer wind tunnel, with the 
aim to study the effect of a moving (oscillating) Gurney 
flap, as an active and passive flow control device 
submitted to a turbulent flow field [35]. The results 
obtained, show us that the oscillating GF change the 
wake flow pattern, alleviating the near wake turbulence 
and enhancing the vortex pair near the trailing edge at 
the mini-flap level and below that level, magnifying the 
effect described by Liebeck [1]. That effect is more 
evident as the oscillating frequency grows.  

 
 

Fig. 5a) Flow pattern without and with the GF [Ref. 1] 

 

 
 

Fig. 5b) Time-averaged streamlines with 6% C GF at 

α=2.5o [Ref. 34]. 

 
3. APPLICATION OF GF IN TURBOMACHINES 
3.1 Axial compressor and fan 
Many axial fan types operate at relatively low Reynolds 

numbers due to their relatively small chord lengths or 

relatively low rotational speeds in their applications. 

These are used for ventilation, cooling, vacuuming and 

dust removal, etc. and consume a large fraction of 

industrial energy. These fans generally operate at near-

atmospheric conditions, and this result in fan blade 

Reynolds numbers which ranges from a few thousand to 
approximately 105. In this range conventional airfoils or 

blade profiles perform poorly due to laminar separation, 

which in turn affect the performance, efficiency and the 

power consumption of the machine. 

     Janus [36] conducted a computational study on linear 

cascade of an industrial fan for GFs between h=0.5% 

and 2% of the blade chord and concluded that GF of 1% 
of the blade chord produced the best overall 

performance improvement. Myose et al. [37] flow 

visualization study on a low Reynolds number 

(Re=16,000) NACA 65-(12)10 compressor cascade 

with Gurney flaps with h= 2% of the chord length 

attached to the trailing edge of the cascade blades 

concluded that the Gurney flap energizes the flow and 

delays the stall at large incoming flow angles. As 

Gurney flaps are effective at low Reynolds number, 

Greenblatt [38] experimentally investigated GF on a 

150 Watt ventilation fan with 394 mm nominal blade 

diameter. The blades had a span of 147 mm, a root 
chord of 84 mm and tip chord of 70mm. Tests were 

conducted at a fan speed of 1200 rpm for flap 

configuration and height of 10%c thin, 10%c thick, 

20%c thin, 20% composite and 30%c thick. Reynolds 

number varied approximately from 25000 near the hub 

to 115000 at the tip at design condition and these values 

were 20% lower at the off-design condition.  

From performance analysis of the fan i.e. pressure rise (Δp) 

vs. volumetric flowrate (Q), (Fig.  6), it can be noted that at 

low flowrates (0.07 m3/s ≤ Q < 0.1m3/s), GF indicated 

pressure decreases that are steeper with increasing Q than 

the baseline case (no GF). With further increase in 

flowrate, this trend changes and pressure decreases less 

rapidly than the baseline case. The trend is similar to airfoil 

with GF; under stalled (low Q) and pre-stalled (higher Q) 

flow regimes [28]. At low Q where fan blades are fully 

stalled, the lift force or the pressure difference across the 

blades does not change significantly with angle of attack 

(i.e., increasing Q).The addition of GFs increases lift but 

mainly increases drag, and hence, the blade drag dominates 

the performance as a function of Q. With increasing Q, the 

blade move to the prestall regime, resulting in improved 

performance of the flaps and hence a small pressure drop 

across the blade row with increasing Q. This occurs 

irrespective of the thickness of the flap. At even larger Q, 

with blades fully in the prestall regime, the performance 

remains superior to the baseline case. Figure 7 shows the 

variation of Energy coefficient (ψ) with Flow coefficient 

() for different GF configuration at design condition and 

off-design conditions. 
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Fig 6.  Fan pressure developed as a function of 
  volumetric flowrate at design condition [Ref. 38]. 

It can be noted that GF produced higher ψ for the entire 
range of  when compared to baseline values and at, 
off-design condition GF of larger size were favorable 
due to the lower Reynolds numbers. Not only are 
flapped blades Energy coefficients substantially higher 
than the baseline but the rate at which they are 
decreasing also decrease with flap size. Fan static 
efficiency for the baseline and flap configurations is 
shown in Fig. 8 for design condition and can be noted 
that all flapped configurations produced lower 
efficiency at low flowrates but in each case, the peak 
efficiency exceeded that of the baseline case. The 10% 
thin flap produced the largest increase of 18% in static 
efficiency, while flap mass, relative to the mass of the 
blade was seen to be an important parameter. Based on 
the observation made by Greenblatt, implementation of 
GF on the fan blade can potentially reduce sound 
pressure level and for his case it reduced by 4 dB. 
Similar effort to reduce the noise of axial fan using a GF 
is reported by Yongwei [39]. 
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Fig 7.  Effect of GF configuration at both design and  
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Fig 8. Effect of GF on fan static efficiency as a function 

          of flow coefficient, at design condition [Ref. 38]. 

3.2 Centrifugal fan 
     Centrifugal fans are finding their applications in low 

Reynolds number flows as they need to be operated at 
low speeds for cooling electronic devices, refrigeration 

fans, air conditioning fans, etc. Due to their low rotational 

speeds in these applications, they end up in lower 

efficiency. As an effort to increase its performance at 

low Reynolds number, Manoj Kumar et al. [40] 

experimentally investigated the effect of GF on a low 

specific speed centrifugal fan impeller. Design details of 

the centrifugal fan tested is given in Table 1. 

Performance test was carried out on the fan with 

vaneless diffuser at five different Reynolds numbers 

based on the impeller blade height at exit viz., 0.82, 0.62, 
0.55, 0.41, 0.30×105 i.e., at five speeds respectively at 

3000, 2500, 2000, 1500 and 1100 rpm with and without 

GF. Static pressures on the vaneless diffuser hub and 

shroud were also measured for each speed at four flow 

coefficients, =0.23 (below design flow coefficient), 

=0.34 (design flow coefficient), =0.45 and 0.60 
(above design flow coefficient). A brass angle of 1/8th 

inch side (3.175 mm) is used as GF on the pressure 

surface of the impeller blade tip. The height of the GF 

corresponded to 15.9% of impeller blade height at the 

exit or 5.1% of blade spacing at the impeller tip. 

 

Table1: Geometric details of the centrifugal fan 

Pressure ratio, P02/P01 1.08 

Mass flow rate, m 0.56 kg/s 

Speed,  N 3,000 rpm 

Shape number,  Nsh 0.076 

Inducer hub diameter,  D1h 110 mm 

Inducer tip diameter 225 mm 

Blade angle at inducer hub, β1h 45o 

Blade angle at inducer tip, β1t 29o 

Impeller exit diameter,  D2 393 mm 

Number of impeller blades 20 

Blade angle at exit, β2 90o 

Blade height, h 20 mm 

Exit diameter of vaneless diffuser, D3   600 mm 

All angles are w.r.t. tangential direction 
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     Figure 9 shows the effect of GF on the performance of 

the centrifugal fan at various Reynolds numbers. The 

qualitative difference in the performance curves without 

and with GFs can be observed. Energy coefficient 

increases with GFs for almost complete flow coefficient 

range and the increases is dominant at low Reynolds 

numbers, whereas only small increase is found in case of 

higher Reynolds   numbers. It was also observed that 

maximum volume flow also increased slightly with GFs. 

The radial variation of static pressure coefficient on the 

diffuser hub and shroud is compared without and with 

Gurney flaps for respective flow coefficients and speeds 

in Fig. 10. In general static pressure on the diffuser hub 

and shroud is higher with Gurney flaps compared to the 

basic configuration of without Gurney flaps. However the 

difference is reduced as the Reynolds number increases 

with almost negligible difference at the speed of 2,500 

rpm corresponding to a Reynolds number of 0.69x105. 

The results of static pressure correspond well with those 

of performance characteristics. 

 

0.0 0.2 0.4 0.6 0.8
0.8

1.0

1.2

1.4

0.0 0.2 0.4 0.6 0.8

 E
n

e
rg

y
 c

o
e

ff
ic

ie
n

t,
 

         N (rpm)

 1100

 2000

 3000

 

 Flow coefficient, 

Solid line+solid symbol:      w/o GF

Dashed line+open symbol: with GF

         N (rpm)

 1500

 2500

 

 

Fig. 
9 Comparison of energy coefficient of the 

     centrifugal fan without and with GF [Ref. 40] 

 

 
Fig. 10 Effect of Gurney flap on static pressure on 

diffuser hub and shroud [Ref.40] 

3.3 Low pressure turbine cascade 

Byerley et al. [41] and Chen et al. [42] investigated GF as 

a passive flow control device over a Low Pressure 

Turbine (LPT) blade. LPT Reynolds numbers often result 

in significant regions of laminar flow on the suction sides 

of airfoils, which makes them susceptible to the laminar 

separation that may or may not reattach. Laminar 

separation bubbles generally exist on the suction surface 

of LPT blade, with short bubbles slightly and long bubble 

notably impacting on the performance of blade. The key 

to maintain the aerodynamic performance of highly-

loaded LPT blade is to control the laminar separation 

bubble on the suction surface. 

     Byerley et al. [41] carried out experiments on 

Langston turbine blade in a linear cascade with and 
without GF for Reynolds numbers of 28×103, 65×103 and 

167×103. Cascade parameters are listed in Table 2. Laser 

thermal tufts technique was used for five different GF 

sizes while maintaining the inlet Reynolds number at 

28×103.  

Figure 11 shows that the effect of increasing the GF 

height is to move the separation further downstream. For 

the 2.7 mm GF, the location of separation is moved back 

to s/Bx=1.36 and reattached at s/Bx=1.50 and 3.9 mm 

successfully eliminates the laminar separation bubble.  

Table 2: Cascade Parameters 

Operation Closed Loop 
Axial Chord (Bx) 171 mm 
Blade Pitch (p) 163 mm 
Inlet Blade angle 44o 
Exit Balde angle 26o 
Pitch/ Axial Chord 0.95 
Span/ Axial Chord 3.86 
Air Inlet Angle 46o 
Air Exit Angle 26o 
Hydraulic radius of blade row exit (Rh) 71.5 mm 

 
     Figure 12 shows wall static pressure distribution for a 

blade and profile losses with and without GF at the three 

Reynolds number. Wall static pressure distribution for the 

„no GF‟ cases, the terraced region moved upstream and 

decreased in size as Reynolds number increased. There 

appeared to be a very small terraced region at s/Bx=1.05 

for Re=167×103, since flow is attached at this point. For 

all Reynolds number, GF increased the exit velocity over the 

uncovered region of the suction surface by approximately 

14% and this lead to increase lift force by 9%. 
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Fig 11. Effect of GF height on boundary layer separation  

as indicated by laser tuft eccentricity (positive 
values of e indicate attached flow) [Ref. 41] 
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Fig 12.  Effect of GF on wall static pressure at various 
  Reynolds number [Ref. 41] 
     Profile loss measurements made for each of the test 

cases (Fig.  13) indicated that, without GF, the centre of 

the wake is offset to the suction side because of the 

thicker boundary layer on that side. The effect of GF was 

to shift the wake centre closer to the trailing edge camber 

line and to widen the wake region. 
     Figure 14 shows average loss coefficient plotted 

against Reynolds number and these values matched that 

predicted by Ainley correlation given in Horlock [43]. 

As Reynolds number increased, the losses for the plain 

blade dropped while, with GF, the losses at high 

Reynolds number were much greater. The GFs turned 

the flow approximately 0.8 deg towards the direction of 

the suction surface of the neighboring blade. 
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Fig 13. Effect of GF on profile losses at various 

Reynolds numbers [Ref. 41] 
 

     Numerical simulations were performed by Chen et 

al. [42] on three turbine cascades with same profile and 

different solidity, namely Pack B, Pack LB-I and Pack 

LB-II. The pitch-chord ratio of Pack B is 1.25, relative 

to which solidity of Pack LB-I and Pack LB-II were 

decreased 12.5% and 25% respectively.  Three types of 

GF geometries, Square, Rectangle and Smooth Concave 

GFs were investigated at the trailing edge on the 

pressure side of the cascade as in Fig. 15 at three 

Reynolds numbers (Re=2.5×10
4
, Re=1.0×10

5
 and 

Re=2.0×105). Effect of GF normalized height (H=h/C) 

on energy loss coefficient and cascade flow turning 

angles indicated that energy loss coefficient firstly 

decreases then increases with the increase of the flap 

height, but at higher Reynolds numbers the energy loss 

coefficient increases with H. This means GF with 

appropriate height can reduce the boundary layer 

separation and associated flow losses on the adjacent 

blade suction side and the flow turning angle increased 

with increase of flap height which agreed with Byerley 

et al. [41]. Figure 16 shows the variation of energy loss 

coefficient and flow angle with Reynolds numbers for 

Pack LB-I cascade, indicating that Round GF is the 

most effective to increase the flow turning angle and 

reduce the flow losses in the low-solidity cascade. 
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  Function of Reynolds number [Ref. 41] 

     As a result larger turning angle of the flow caused by 

GF corresponds to better effectiveness of GF, thus it can 

be concluded that for low-solidity cascades, the 

effectiveness difference between different GF types 

mainly depends on the deflection of the main stream 

caused by GF. With GF the adverse pressure gradient 

can be weaken due to the deflection of the main stream 

caused by the flap, which thins the separation bubble 

and delays the transition onset, contributing to 

reductions of both the separation-bubble-generated loss 

and the turbulent boundary-layer-generated loss. 
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3.4 Wind turbines 
     To reduce the loads and/or increase the performance 

of modern wind turbines, many passive flow control and 

Active flow control solutions are used such as Flexible 

Trailing Edge Flap, Gurney Flap & Micro Tabs, Stall Rib 

and Flexible Leading Edge Flap. With all these flow 

controls devices available Gurney flaps are better for 

performance increment, load reduction, power 

regulation, operating conditions, cost and maintenance. 

For stall controlled wind turbines, the power production 

is limited both at low and high wind conditions. When 

the wind speed is very low, conventional wind turbines 
generate little or no usable power. This has limited the 

deployment of wind turbines to a relatively small number 

of sites where favorable conditions exist. At the other 

extreme, when the wind speeds become very high, the 

rotor invariably stalls and experiences highly unsteady 

aerodynamic forces and moments. This limits the use of 

stall regulated rotors to lower wind speeds where the 

flow is mostly attached, thereby limiting the useful 

operating range of the rotor. Over the past several years, 

there has been an increased effort to extend the usable 

operating range of stall regulated wind turbines.  
Gurney flaps are sometimes used at the inner part of a 
wind turbine blade to increase the pressure difference 

across the trailing edge and thereby the amount of lift 

coefficient at a given angle of attack. 

     Van Dam [44] based on the research of Bechert et al. 

[45] investigated the effects of serrated and slit GFs (i.e. 

micro tabs) to eliminate the 2D vortex shedding from the 

solid GFs which can cause vibration and noise. 

Additionally van Dam et al. [46] investigated the 

implementation of Micro Flaps (i.e. active GFs) and 

deployable Micro Tabs as means for load alleviation in 

wind turbine blade structures. It was found, both micro 

flaps and micro tabs are suitable for the task of load  

 

 

 

 

 

 

 

 
 

 

alleviation mostly due to their fast actuation capabilities. 

The main difference between these two configurations is 

the slight aerodynamic lag of the micro tabs due to their 

position. The actuating mechanism in the case of micro 

flaps requires low actuation force due to the small size of 

the element. Alternatively the implementation of sinking 

micro tabs [46] could further simplify the actuation 

process. The integration of Gurney flaps and Micro Tabs 

in the blade structure is a relatively simple process. 

These elements and their actuators are very small; 
therefore only minor changes need to be made in the 

current blade structures. Especially in the case of Micro 

Flaps (i.e. active GF), the flap mounting point can easily 

be integrated at the trailing edge region of the blades and 

the actuators could be mounted externally without 

significant aerodynamic penalties for the blade. To 

achieve a significant load reduction during the operation 

of the wind turbine a fast and reliable control and 

actuation system is needed. From the aerodynamic and 

mechanical point of view GFs and Micro tabs are 

suitable for fast control and actuation. 

     Kentfield  [47-49] installed the GFs on NACA0015, 

NACA0020 and NREL S809 airfoils to verify that the 

wind turbine efficiency can be improved by them and the 

experiment indicated that wind turbine output power cab 

be increased for wind speeds greater than 8.5 m/s. 

Timmer et al. [50] investigated the effect of GFs of 1%c 

(6 mm) and 2%c (12 mm), the effect of isosceles wedges 

of 1%, 1.5%, and 2% height and of upstream length of 

the 1%c high wedges on wind turbine dedicated Airfoil 

DU 93-W-210, at a Reynolds number of 2×106. GFs and 

wedges investigated are shown in Fig. 17. With the 1%c 

and 2%c Gurney flap, the maximum lift coefficient was 

increased by 0.24 and 0.40, respectively. The maximum 

lift-to-drag ratio, however, decreased from 136 to 117 

and 89, respectively. The test results showed that there 

was virtually no difference between the characteristics 

for the 6×6 mm. wedge and the 6 mm high Gurney flap. 

Apparently the 6×6 mm wedge filled the space otherwise 

taken by the separation bubble in front of the Gurney 

flap. It followed that with increasing upstream wedge 

length the maximum lift coefficient decreased while the 

maximum lift-to-drag ratio increased. The wedges with a 

longer upstream length have a smaller effect on the 

airfoil camber, but at the same time redirect the flow with 

less base drag. Pechlivanoglou et al. [51] investigated the 

three GF configurations shown in Fig.  17 and a serrated 

GF on a DU96W180 airfoil and the results shown in Fig. 

18 conclude that all GF configurations offer a very 

attractive AFC solution for wind turbine applications 

         
       (a) Square GF                             (b) Round GF                           (c) Smooth-Convex GF 

Fig. 15 Schematic of types of Gurney flaps [Ref. 42] 
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mostly due to their relatively high aerodynamic control 

and dynamic (unsteady)  

experiment proved that the load reduction potential of 

such an AFC system is considerably high.

 

 

 

 
(a) Typical GF                                 (b) GF with splitter plate                     (c) Wedge shape GF 

 

Fig. 17 Some GF configurations tested in wind turbine blades [Ref. 51] 
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Fig 18. Variation of lift and drag coefficients for 

different GFs on a DU96W180 airfoil [Ref. 51] 

      

Fuglsang et al. [52] experimented with vortex 

generators and GFs in combination on Risø-B1 airfoil 

family for MW-size wind turbines at a Reynolds 

number of 1.6×106 and concluded that vortex generators 

and GFs in combination increase the maximum lift 

coefficient of 34% to 2.17, making vortex generators 

and Gurney flaps an attractive option for the root of a 

wind turbine blade. Nengsheng et al. [53] 

experimentally studied the power and efficiency 
augmentation of the horizontal axis wind turbine on a 

NACA 632-215 airfoil at a Reynolds number of 2.4x105, 

based on airfoil chord with GF and trailing edge flaps. 

In experiments the angles of attack varied from 0° to 

40° and the heights of the flaps are 1.0%, 1.5%, 2.0% 

and 2.5%c. The effects of different deflection angles 

(0°, 45°, 90°, 135°) of the trailing edge flap were 

compared. The results indicate that all tested flaps could 

increase the lift coefficient and the larger flaps produce 

successively larger increments, although not proportionally. 

The Gurney flap shows a superior performance 

compared with other angles trailing edge flaps. 

     Zhang et al. [54] and Zhao et al. [55] carried out 

numerical investigation on a vertical axis wind turbine 

(NACA0015 airfoil) and horizontal axis wind turbine 

(FFA-W3-241 airfoil) with GFs resulted that Gurney 

flap can improve the lift coefficient of the airfoil and the 

height of the flap plays an important role. At the same 

time, output power of the wind turbine with Gurney flap 

increases compared with wind turbine without flap, and 
range of tip speed ratio to increase the wind power 

efficient broaden, which is useful for control and 

adjustment of wind turbine. Zhu et al. [56] experimental 

investigations on the performance of horizontal axis 

wind turbine of FFA-W3-211 airfoil with a GF of 

h=4%c; pitch angles of the blade were between 4o~14o 

and tested at wind speeds between 8~14 m/s. Results 

show that GF has significant effects on the wind turbine 

performance, especially at large pitch angles compared 

to small pitch angles and these increased the power of 

the wind turbine by over 38% at a pitch angle of 12o. 

Tongchitpakdee [57] numerically investigated Gurney 
flap in horizontal axis wind turbine rotor at a wind 

speed of 7 and 15m/s with 0, 10 and 30 deg yaw angles. 

Results indicated that the radial variation of normal 

force coefficient CN and tangential force coefficient CT 

(Fig.  19) increases with GF at 7m/s while the effect 

seems to be less at 15m/s. Increase in CN leads to increase 

in lift while increase in CT due to GF increases torque 

generated, which can be seen in Fig.  20. At a wind speed 

of 15m/s, extensive separation occurred on the rotor. It 

can be seen that the GF has a negligible influence on the 

flow field, under this separated flow condition. The use of 
Gurney flap thus results in only a small increment of the 

normal and tangential force components (Fig.  19) and on 

the production of shaft torque or power (Fig.  20). 
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Fig 19.  Radial distribution of normal force coefficient 
  CN and tangential force coefficient CT at 7m/s 

          and 15m/s; with and without a GF [Ref. 57] 
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Fig 20. Variation of shaft torque as a function of yaw 

angle with and without GF [Ref. 57] 
 

4. CONCLUSIONS 

     The GFs can increase the lift coefficient of airfoils, 

wings and aircrafts both at subsonic and transonic 

speeds, and hence their aerodynamic performance can 

be significantly improved. They have shown that they 

have a significant role to play at low Reynolds number 

operations of turbomachines such as axial and 

centrifugal fan, low pressure turbine and wind turbines. 

GF on an axial fan increases performance of the fan and 

at the same time reduces the power consumption and 

reduces the fan noise. Static efficiency of the axial fan is 

relatively high with a GF than the baseline. Centrifugal 

fan energy coefficient increase with GF at low Reynolds 

number however the effect seems to be less at higher 

Reynolds number. They even increase the static pressure 

on the diffuser hub and shroud of centrifugal machines 

and have shown to have an effect on operating range. 

GFs are very successful in eliminating the laminar 

separation bubble for low Reynolds numbers operation 

on a LP turbine blade and shown a significant effect on 

loss coefficients. GFs turn the flow on a blade towards 

the direction of the suction surface. The centre of the 

wake region is shifted from suction surface side towards 

the pressure surface when the GFs are installed. Like 

many flow control devices available for a wind turbine 

blade, GFs are better in terms of performance increment, 

load reduction, power regulation and stall control. 

5.NOMENCLATURE 

Symbol Meaning Unit 

c Chord length of 

an airfoil 

(m) 

CD Drag coefficient 

 

 

CL Lift coefficient 

 

 

CN Normal force 

coefficient 

 

 

CP Pressure 

coefficient 

 

CT Tangential force 

coefficient 

 

 

e laser tuft 

eccentricity 

factor 

 

 

H Normalised 
Gurney flap 

height (h/c) 

 

 

h Gurney flap 

height 

(m) 

 

Q Flowrate 

 

(m3/s) 

s Mounting 

distance (to the 

trailing edge) 

 

(m) 

s/Bx Suction surface 

location 

 

 

α Angle of attack 

 

(Deg.) 

Δp Pressure rise 

 

(Pa) 

 Flow coefficient 

 

 

θ Mounting angle 

 
(Deg.) 

ηS Static efficiency 
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ψ Energy 

coefficient 
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