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Abstract 

The TAP test cell is a closed facility for testing jet engines. The engines of today's airplanes 

aim for much larger airflows and have much greater by-pass ratios. Thus, there is a need to 

change the test bench in some way to make possible its use with more modern and higher power 

engines. A numerical model was developed to simulate the air flow inside the test cell, calibrated 

with experimental data from the TAP reports. This model was used to conclude the possibilities 

of adapting the TAP infrastructure. 
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1. Introduction 

After being serviced, jet aircraft engines 

are tested on a test cell in order to ensure 

the thrust produced and the overall operating 

capabilities. Routine tests or fault-finding 

tests may also be carried out. 

There are two types of engine test cells: 

outdoors and within an enclosed (indoor) 

structure. This type of installation can also 

be located at sea level, or at altitude [1]. 

The results obtained in outdoor tests, at 

sea level and without crosswinds are 

considered as reference, so the 

performances measured in any test cell can 

be compared unequivocally, applying 

correlations to the results [1]. 

The test cell consists of: a vertical air 

inlet tower, a test chamber and an exhaust  

stack. After the test chamber there is an 

ejector pump, which promotes the diffusion 

of the jet exiting the engine and uniforms the 

flow. 

In the future, it is intended to test the  

engines: CF6-80E1, Rolls Royce Trent 7000 

and Rolls Royce Trent 1000. 

 

2. Mathematical Model 

The model is one-dimensional and 

steady, complemented with axissimetric 

profiles in some sections. The modeled 

installation is composed of sections with 

head loss and section variation, and by an 

ejector pump. Special care has been taken 

in the modeling of the free axissimetric jet 

leaving the engine, as well as the harp and 

the ejector pump. 

Figure 1 shows a longitudinal section of 

the test cell, where the sections of interest  

for this study are defined. 

The model uses the Bernoulli equation 

with a head loss term between the entrance 

of the installation and the test chamber and 

from the exit of the ejector pump to the 

discharge into the atmosphere.
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Each localized head loss throughout the 

installation, Δp’load, is calculated by the 

respective head loss coefficient, K, 

multiplied by the local dynamic pressure.  

The head loss coefficients were obtained 

from [7] and are shown in table 1.

 

Section 1 2 3 4 5 9 12 13 14 15 16 17 

𝐾 1 2,92 0,385 2,92 0,58 0,03 0,05 2,98 14,5 7,4 0,6 1 

 

The head loss coefficients show poor 

dependence on the Reynolds number for 

high Reynolds numbers and therefore can 

be considered independent of the engine 

being tested. Thus, the coefficients were 

obtained with CFM56-3C1 engine test data 

and were used to model the induced flow 

inside the test cell by all engines. 

At the engine outlet, the flow is 

composed of two concentric axissimetric jets 

and a peripheral dragged air flow. The free 

jet widens between the engine outlet and the 

ejector pump inlet by diffusion. Thus, at the 

inlet of the ejector pump, the velocity profile 

is that shown in figure 2.

 

Figure 1: Longitudinal section of TAP test cell. Adapted from [9]. 

Table 1: Head loss coefficients. 

Figure 2: Velocity profile in ejector pump entrance. 
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After entering into the ejector pump, 

there is a harp-shaped ring structure, which 

helps to smooth the flow. This structure 

imposes resistance to flow by changing the 

velocity profile. Downstream of the harp, the 

velocity profile was calculated iteratively .  

The result is shown in figure 3, which 

includes the flow velocity profile upstream 

and downstream of the harp. 

   

 

In the ejector pump, the diffusion uniformizes 

the velocity profile at the expense of flow 

momentum. This process causes an 

increase in pressure along the tube [6]. The 

increase in pressure in the ejector pump was 

quantified using experimental data from the 

laboratory test of the discipline of Fluid 

Mechanics I [4]. 

In the first 25 cm of ejector pump, the 

diffusion was modeled as a function of the 

radial velocity gradient, turbulent viscosity 

and pressure gradient, to obtain a more even 

velocity profile [5]. The ejector pump does 

not have the ability to completely uniform the 

velocity profile. Thus, a weighting coefficient ,  

λ, was used to determine the velocity at the 

output as a linear combination of the profile 

downstream of the harp with the uniform 

profile (equation 1). The evolution of the 

velocity profile along the ejector pump is 

shown schematically in figure 4. 

 

                                                          𝑣𝐶
(𝑟) = 𝜆𝑣𝐷

(𝑟) + (1 − 𝜆)𝑣𝐵
(𝑟)             with 𝜆 ∈ [0; 1]                (1) 

 

 

Figure 3: Velocity profiles upstream and downstream of the harp. 
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Figure 4: Diagram of the evolution of the velocity profile along the ejector pump. 
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In figure 5, there are shown the 

successive velocity profiles along the ejector 

pump, according to the nomenclature of the 

figure 4.

 

As boundary conditions of the model,  

the pressure at the inlet and outlet of the test 

cell must be equal to the atmospheric  

pressure. Applying these boundary  

conditions, the CBR value was obtained for 

three engines currently tested at TAP. Figure 

6 shows the pressure distribution along the 

test cell for the three engines currently tested 

at TAP.

 

Table 2 shows the values of the engine 

flow and total flow in the plant for the same 

three engines, as well as the CBR values 

calculated by this model and the values 

calculated in [1].

 CFM56-3C1 CFM56-5B CF6-80C2 

�̇�𝑚 [kg/s] 322 434 776 

�̇�𝑡𝑜𝑡𝑎𝑙 [kg/s] 926 958 1294 

CBR 1,877 1,208 0,667 

CBR [1] 1,715 1,235 0,730 

Figure 5: Velocity profiles along the ejector pump. 

Figure 6: Pressure distribution along the test cell for three engines. 

Table 2: Flows across the engines and totals in the installation. CBR predicted by this model and CBR 

calculated in [1]. 
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The main measurement in a test cell run 

is the thrust force produced by the engine. It 

must be within the permissible range for the 

engine to be considered suitable for 

operation. Thus, it makes sense to use the 

thrust force measured at this cell to validate 

the model discussed in this chapter. 

This model calculates the thrust force 

produced by the engine through a balance of 

forces and flow momentum, as shown in 

simplified form in equation 2 [8].

                                                     ∬ 𝜌 𝑣𝑥 (𝑣. �⃗⃗�) 𝑑𝐴 = ∬ −𝑝 𝑛𝑥  𝑑𝐴+ 𝐼𝑥                                               (2) 

 

Forces that intervene in the balance 

sheet are shown in figure 7.

 

 

 

 

 

 

 

 

 

 

 

 

Developing the momentum flow 

balance, we obtain equation 3, which allows  

us to calculate the thrust produced by each 

engine

 

                          𝐼𝑥 = −(𝜌𝑣2𝐴)
𝐴 + (𝜌𝑣2𝐴)

𝑝𝑒𝑟 + (𝜌𝑣2𝐴)
𝑠 + (𝜌𝑣2𝐴)

𝑝 + 𝑝′
𝐵

− 𝑝′𝐴                                          (3) 

 

Calculated thrust for each engine is 

shown in table 3 as well as the one 

measured in TAP and the relative error. 

It should be noted that the relative error 

is small, which allows relying on the results 

of the model.

 

 

 Model [kN] TAP Reports [kN] Relative Error 

CFM56-3C1 107,5 106,3 [18] 1,2% 

CFM56-5B 133,9 133,5 [19] 0,3% 

CF6-80C2 248,6 235,8 [20] 5,1% 

𝜏𝑤 

𝜏𝑤 

 

𝐹𝑆 

𝐼 

Figure 7: Control volume diagram (green dash) containing the engine. Velocity profiles upstream (A) and 

downstream (B) of the engine. Forces accounted for in the flow momentum balance. 

Table 3: Take-off thrust according to the present model and according to TAP reports. 
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3. Test Cell Upgrade 

Several possibilities of adapting the test 

cell to the new engines were studied and 

these various alternatives were simulated by 

the model described briefly in the previous 

chapter. 

Table 4 presents technical data of 

engines that are to be tested in TAP.

 

 

 

There are many possibilities of 

converting the test cell into an installation 

capable of testing the engines in table 4. 

However, particular emphasis was given to 

changes which did not modify the test cell 

correlations for the old engines. Thus, the 

most significant change presented in this 

work is the installation of flow guiding vanes  

in the exhaust stack curves. This change 

greatly reduces the head loss, which implies  

the use of a device that compensates this 

effect when they are testing the old engines,  

otherwise the value of the correlations will  

not be maintained. 

The guiding vanes to be installed are 

shown in figure 8, arranged in cascades, in 

the zigzags of the exhaust stack. 

 

 

 

 

The main control parameters of the 

correct operating of test cell are: 0,8 <

𝐶𝐵𝑅 < 2, 
𝑣𝑝𝑒𝑟

𝑣5
> 0,5 and 𝑣𝑝𝑒𝑟  in the order of 

magnitude of 10 m/s [2]. With the installation 

of guiding vanes, these parameters take the 

values from table 5 for modern engines.  

Thrust values of each engine predicted by 

the model and the relative error were also 

included in table 5.

 

 

  

Manufacturer General Electric Rolls Royce 

Engine CF6-80E1 Trent 7000 Trent 1000 

Aplication Airbus A330-200 Airbus A330-900neo 
Airbus A350 

Boeing 787 

�̇�𝑚  (kg/s) 868 1315 1247 

𝐵𝑃𝑅 5,3 10 11 

𝐼𝑥 (kN) 291 334 236 

 CF6-80E1 RR Trent 7000 RR Trent 1000 

𝑣𝑝𝑒𝑟  (𝑚/𝑠)  14,0 15,8 3,2 
𝑣𝑝𝑒𝑟

𝑣5

 0,76 0,79 0,22 

𝐶𝐵𝑅 1,07 1,14 0,15 

𝐼𝑥 (𝐾𝑁) 274 328 246 

Relative Error -5,8 (%) -1,8 (%) +4,2 (%) 

Table 4: Main technical data of the engines to be tested at TAP. 

Figure 8: Scheme of flow guiding 

vanes on exhaust stack curves. 

Table 5: Results with installation of guiding vanes. 
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As can be seen in table 5, the RR Trent  

1000 engine could not yet be tested, even 

with the installation of guide vanes, but this 

may not be a problem as TAP does not have 

airplanes equipped with these engines. The 

main ones are the CF6-80E1, which equip 

some Airbus A330-200 and RR Trent 7000,  

which equip the new Airbus A330-900neo. 

As previously mentioned, to maintain the 

correlations of the test cell for the old 

engines it is necessary to resort to a device 

that compensates the head loss that the 

guiding vanes have reduced. This device 

should only be used on the older engines, so 

it is designed with mobile characteristics. 

Thus, a perforated panel, transverse to the 

flow, was installed in the zone downstream 

of the diffuser outlet, designed in two halves 

that could be opened, like a gate. 

To compensate for the head loss that the 

guiding vanes have reduced, the perforated 

panel should have a K = 7.4 head loss 

coefficient. According to reference [9], in 

order for the panel to have this head loss 

coefficient, the ratio of the area of holes to 

the total area of the panel must be equal to 

0,42. 

A pre-dimensioning of the two structures 

suggested in this work was carried out under 

stress and vibration criteria, and it was 

concluded that the perforated panel should 

have a thickness e = 52 mm to resist 

mechanical stresses. The thickness of each 

vane should be e = 19,5 mm and these 

should have two half-span supports. 

With regard to vibration, low frequencies 

(less than 10 Hz) must be avoided, which 

may compromise either the new structures 

or the test cell itself. For perforated panel,  

the characteristic frequency of aerodynamic  

vibrations is 81 Hz for the CFM56-3C1 

engine (which has the lowest flow rate). In 

the case of guiding vanes, the characteristic  

frequency of vibrations is shown in Table 6. 

In both cases, a Strouhal number of 0,2 was 

considered; typical of turbulent flows. 

 

 

 

Vibrations in the guiding vanes caused 

by vortex release are of high frequency,  

reason why the safety of the structure is 

guaranteed. In addition, the noise caused by 

the test cell, when the older engines were 

being tested, would not be completely hostile 

to anyone in the vicinity. 

4. Conclusion 

 

In answer to the question whether it 

would be possible to adapt the TAP test cell 

to operate with more powerful and more 

modern engines, it can be said that it is. 

The flow was modeled inside the test cell 

and several changes were simulated in order 

to adapt the infrastructure. 

It was concluded that if guiding vanes 

were installed in the exhaust stack curves,  

the resultant reduction of the head loss 

would be sufficient to test the CF6-80E1 and 

RR Trent 7000 engines, which makes this 

solution the right choice, since it allows TAP 

to adapt its test cell with an inexpensive but  

effective solution. 
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