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In this study, the flow characteristics and temperature reduction performance of a mixing tube for an Infrared Signal Suppression
(IRSS) device were investigated through numerical analysis, depending on the shape of the mixing tube, A numerical method,
validated by experimental data from a nozzle-mixing tube setup, was used to evaluate the suction and mixing performance of the
mixing tube with respect to various design parameters, including nozzle—to—tube distance, diameter, length, and temperature, As
the nozzle—to—tube distance increased, the suction flow rate also increased, When the mixing tube diameter increased, the
suction flow rate initially increased, then slightly decreased, and increased again, indicating transitional behavior, This
phenomenon can be explained by the development of jet flow through the mixing tube, due to the pressure difference between
the inlet and outlet of mixing tube and the inner wall effect of the mixing tube according to a diameter, Additionally, it was
confirmed that increasing the length of the mixing tube slightly increased the suction flow rate, but the effect was minor, These
results indicate that the internal flow within the mixing tube exhibits complex jet flow characteristics rather than simple pipe flow.
On the other hand, when the temperature of the fluid entering the mixing tube increased, the suction flow rate also increased,
although the degree of mixing remained low, It was also confirmed that mixing performance was more strongly influenced by
tube diameter than by suction flow rate,

Keywords : Infrared signature suppression system(ZQM Als XzZh ZX|), Mixing tube(E&), Mass flow rate(ZIZS2) Heat
flom(E@5-=), Computational fluid dynamics(FAS XSS, Momentum correction factor(2= 2k A|4)
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Table 1 Calculation schemes
RANS analysis Star-CCM+ (Ver. 16.06)
Fluid condition Incompressible ideal gas

Flow Segregated flow steady

Turbulence model Realizable k—¢ turbulence model

Wall treatment |Two layer all y+ wall treatment (4 =50)
Convection : MUSCL
Diffusion : 2nd order central
SIMPLE Algorithm

Discretization

P-V coupling
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Table 3 Calculation conditions (Z,,/D,, =8)

T(K) T(K)
ambient

Run . |
D R
no. ulmm)| A m"(kg/s) O inflow

A-3| 58.60 |0.852| 0.1062 |1.22x10°/332.98
B-2 | 47.83 [1.835| 0.1062 |1.49x10°332.98
C-1]37.47|3.741] 0.0832 |1.51x10°/330.98
D-128.75 |6.984| 0.0542 |1.27x10°323.98

297.03
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Fig. 10 Velocity profile and pressure measure position.
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Table 4 Calculation results (Z,,/D,, =8)

*

m AP %10
no. exp. | cal. |diff.(%)| exp. | cal. |diff.(%)

Run «
A

A-30.852|0.353 | 0.344 | 2.53 |0.065|0.063 | -2.34

B-2(1.835/0.686 | 0.702 | -2.39 | 0.111]0.114| 2.57

C-1(3.741/1.282|1.282| 0.00 |0.141|0.139| —1.46

D-116.984| 1.959 | 2.028 | -3.562 | 0.125|0.126 | 1.19

Fig. 13 Axial velocity distribution for nozzle-mixing tube
system with plenum Run no. A-3
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tube length for mixing tube diameter variation
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