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Calculation for the Opening Delay of a Discharge Reed Valve in Compressors
(Coupled Calculation Model of Valve Deformation-Gas Flow-Qil Film Flow)

Fumitaka YOSHIZUMI*I, Yasuhiro KONDOH, Takahiro MOROI,
Shinji TAMANO and Yohei MORINISHI

" Toyota Central R&D LABS., INC.
Yokomichi 41-1, Nagakute, Aichi, 480-1192 Japan

The opening delay of a discharge reed valve for compressors caused by the oil film in the clearance between the
reed and the valve seat is investigated. The coupling calculation model which consists of the reed deformation, the gas
flow and the oil film flow is developed. The two-dimensional reed deformation is expressed by expanding natural
modes that are obtained by the finite element method using shell elements. The gas flow is expressed by the
thermodynamic model under the assumption of the internal reversible process. The two-dimensional oil film pressure is
obtained by solving numerically the Reynolds’ equation through the finite volume method. In addition to the case in
which cavitation in the oil film is not taken into account, two cavitation models are tested; the static cavitation model
(Reynolds’ condition) in which the minimum oil pressure is set to absolute zero and the dynamic cavitation model in
which the bubble expansion is directly simulated. Comparisons between calculation results and the experimental result
show that the dynamic cavitation model in which the oil film pressure can fall to the absolute negative (tensile in the

liquid) is required to reproduce accurately the opening delay time in the experiment.

Key Words : Compressor, Valve, Cavitation, Coupling Problem, Thermodynamics, Elastic Deformation, Oil Film
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Fig. 1 The whole model of the experimental setup and the coupling relation among phases.
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Fig. 2 Oil film model. Fig. 3 Volume fractionmodelin the oil film.
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¥ 1
Calculate 4, Tonsl = Ton + Topn At
[eq. (44)] mgn+1 = mgn +.mgnAt
Pyt = Py, + By, At
¥
Calculate Pyand P, by _ (4/3)N7[rbn+13
Crank-Nicolsonmethod | | %+ = h [eq. (29)]

(iterative calculation)
[egs.(7) and (8)].

n+l

Get ﬁ,m and A,
[eq.(2) and eq. (27)].

Get ¢;and g;based on
the generalized-omethod.

i.b n
ﬂnJrl =1- 4N7[rbn+12[#J [eq (32)]

n+l

Go to ¥
next step. Solve the Reynolds equation
n+l —»n to get Poy,e1 [€q.(38)]0 .
¥ Adjust Arand predict ;.
Calculate F, "y + Fou'er [eq.(4)]. '
heck the modal equation balance NG
[eq-(3)]. “ o e
OK U In“no cavitationmodel” and “static cavitation
- : ", Eq. is sol = =1
Caloulate oy feq (47)0r (5] [eq. ()] | 1O%T, P S8 solvedunderar 0,5 1
Mg ,i1leq. (54) or (58)]and Py ,11[eq. (63) or (64)]. oil cav i cav ’
Check cellsunderblow-by [eq. (43)]. n: the last step
| n+1: the present step
Fig. 6 Flow chartoftheiterative partitioned coupling algorithm.
Table 1 Parameter values in the calculation.
Reed Ca 0.64 Oil film Tqy 293K
H 0.38 mm D, 8 mm ho 1 pm* A nax 0.99
J 6 ‘, 16 mm —oo (n) r 1x107° m’/s***
E oot 2.1x10'" Pa P, ~ 0088MPaabs | P,,  0MPa-abs(s) Ky 785X 107 ke/s**
Vreed 0.3 P, 0.101 MPa-abs €, 0.2 um Vb 1
D veed 78x10° kg/m’ | Py, 0.32 MPa-abs n 0.085 Pa- s ol 9.9%10° kg/m’
g 0.001 tyop 2 ms Cavitation bubble (d) o 0.03 N/m
Gas flow Vi 7.1cm’ N 1100 1y 2 Ze 0.1%%
A, 8.5 mm- v, 515cm’ Powvonset 0 MPa-abs** Others
Ay 0785mm (@) | Ve 5 mm ** P, 0 MPa-abs At = 1x10 s (n)(s)
Cy 0.7 y 1.4 R, 288.7 J/(kg - K) At = 1x107 s (d)
Cuo 1 o, 90° Fbo 1.25 pm** & 0.707
Cy 1 0o 1.2 kg/m’ Fomin 7o —0.001um | @, /(27) 10 kHz

Eeeds Vieead and p g are the Young's modulus, the Poisson's ratio and the density of the reed respectively.
*: initial oil film thickness in the inside part (see Fig. 2). **:assumed. ***:assumed based on mineral oils.
(n): no cavitation model, (s ): static cavitation model, (d ): dynamic cavitation model.
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0000000000000000000000000000000000000000000002 0 5%0
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00000000000000039%000000000002000 23 kPaabsDO0O00000000000
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Hj2 (edge part with

_>x

Fig. 7 Mesh modelof the reed for FEM eigenvalue analysisand FVM oil film analysis.

- D > D e

1 1.08 kHz 2n 6.45kHz 31 16.9kHz 4t 21.5kHz 5% 30.4kHz 6" 352kHz
Fig. 8 Naturalmodes and natural frequencies [@/(2 )] obtained by FEM eigenvalue analysis.
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1
Poilave (X, y) = Pailave (x’_y) = E (Pail (x’ y) + Poil (x’_y)) (66)
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025 . " <-no cavitation model
expermen \ dynamic cavitation model
,.E L R ]»calculation N \
& T
E 0.15 “static cavitation \
= ~K_model N e
& 0.10 gdischarge pressure, P, TTTeee-- T
1000 dynamic cavitation modely, ~ range of the experimentaltime at
800 . oo I\ which d, reaches its maximum
static cavitation model . | N ,
E 600 b4 : |
s 400 N
200 [
0 ¥no cavitation model ;
0 5 10 15 20 25
t [ms]
Fig. 9 Time series of the bore pressure and the reed displacement on the port. (/o= 1 pm)
02 r . o dynamic cavitation model
_ y=0° static cavitation model g
3 o T [ >~
E 0.1 — no cavitation model ! I
& S H |
= i I
= 00 r L et i /
oS T~
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[ 1
29 i |
= i |
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Fig. 10 Time series of the oil film pressure in the seal area. (5o =1 um, » =4.75 mm, = 0° and = 90°)
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