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ABSTRACT OF THE DISCLOSURE 
A ventilating machine having concave-shaped blades 

on both sides of a blade rotor, as seen from the direction 
of the revolution, and provided with guide vanes. The 
duct portion of the machine, except for the rotor blade 
section, is divided into two ?ow passages by a partition, 
and the curvature of the guide vanes is executed so as to 
simultaneously supply and exhaust air in counter?ow. 
Heat-exchange of ?uids between the two ?ow passages can 
also be accomplished with the device by installing a heat 
regenerative matrix therein. 

apparatuses and to heat exchangers. More particularly, 
the invention relates to a new ventilating machine of the 
supply-exhaust type capable of simultaneously delivering 
air or gas streams in mutually opposite directions with a 
blade rotor (or runner) and, moreover, of accomplishing 
heat exchange at the same time between the air streams 
of opposite ?ow directions by means of a thermal re 
generative matrix. 

In general, conventional machines such as fans of the 
axial-?ow type and centrifugal type for blowing air and 
gases are capable of blowing a gas in only one direction, 
and one of these machines is incapable of accomplishing 
both forced supplying and exhausting of, for example, 
air in the case where air within a room is to be exhausted 
to the outside, and the outside air is simultaneously to be 
drawn into the room. Accordingly, in air-conditioning 
equipment and ventilating equipment requiring such simuL 
taneous supplying and exhausting of air, it has heretofore 
been the common practice to use separate fans respec 
tively for supplying and exhausting air. 

This practice naturally necessitates a large installation 
space and unavoidably becomes disadvantageous particu 
larly in cases of installation in places such as residential 
houses where installation spaces are limited. 

Furthermore, in the case of air-conditioning equipment 
and cooling and heating equipment in which simultaneous 
supplying and exhausting of air is required, it is obviously 
necessary for the purpose of improving heat economy to 
utilize heat effectively by causing heat exchange between 
the outside air introduced into the room and the room air 
to be exhausted; However, in conventional equipment re 
quiring two fans for supplying and exhausting air, it is 
di?icult to construct compactly the parts for heat exchange 
between the currents of supply and exhaust air, whereby 
the required installation space unavoidably becomes even larger. 

It is a general object of the present invention to over 
come the above described di?iculties. 
More speci?cally, an object of the invention is to pro 

vide a ventilation machine of the supply-exhaust type 
based on a new concept and method whereby, with a 
single blade rotor, supplying and exhausting of air or a 
gas can be simultaneously accomplished, and heat ex 
change between the supply and exhaust air or gas can be 

10 

15 

20 

25 

30 

35 

40 

55 

60 
l the terms “concave and convex” 

65 

3,342,254 
Patented Sept. 19, 1967 

2 
accomplished at the same time by means of a thermal re 
generative matrix disposed coaxially with the rotor. 
According to the present invention, brie?y stated, there 

is provided a gas ventilating machine of the supply-ex 
haust type comprising a cylindrical duct with an interior 
divided into two ?ow passages by a ?at partition extend 
ing in parallel to the duct axis along the length of the 
duct except for duct sections where rotating parts are 
positioned; a rotor with blades shaped in concave ‘for-m, 
seen from the revolving direction of the rotor, and sup 
ported coaxially and rotatably with the duct in said duct 
section; guide vane assemblies respectively disposed near 
both axial ends of said rotor, one of which has vanes 
shaped concave and convex, respectively, when seen from 
the revolving direction of the rotor in each of the two 
?ow-passages, and the other having vanes in opposite di 
rection to the curvature of the ?rst, whereby said rota 
tion of the blade rotor causes gas flows in the two ?ow 
passages in mutually opposite directions, and/or means 
to promote heat exchange between said gas ?ows. 
The nature, principle, and details of the invention Will 

be more clearly apparent from the following detailed de 
scription with respect to preferred embodiments of the in 
vention, when read in conjunction with the accompany 
ing drawings in which like parts are designated by like 
reference numerals, and in which: 

FIG. 1(a) is a side view of the interior of the ventilat 
ing machine of the present invention to indicate the shape 
and arrangement of the blades on the assumption that the 
cylindrical duct and the boss are transparent. FIG. 1(b) 
is a cross sectional view taken along the plane indicated 
by line 1b_1b in FIG. 1(a); 
FIG. 2 consists of three perspective views showing the 

construction of rotating blades and rotor (FIG. 2(a)) 
and guide vanes (FIGS. 2 (d) and 2(e)) suitable for use 
in the ventilating machine of the invention; 
FIGS. 3(]‘) and 3(g) are respectively a side view with 

a part cut away and a longitudinal sectional view showing 
an embodiment of the ventilating machine according to 
the invention; 
FIG. 4 is a graphical representation, based on experi 

mental results, indicating the relationship between air 
?owrate arid static pressure at various rotor speeds in one 
example of the ventilating machine of the invention; and 

FIG. 5 is a longitudinal sectional view showing another 
embodiment of the invention. 

Referring to FIG. 1 indicating the principle of the in 
vention, the ventilation machine based thereon is gen 
erally installed within a duct 1 or like structure of circu 
lar cross section and comprises essentially a blade rotor 
2 having blades 6 and rotated by a prime mover such as 
an electric motor (not shown), guide vane assemblies 3 
and 4 ?xed to the inner wall of the duct 1 on the two 
sides of the rotor 2, and a ?at partition 5 dividing the in 
terior of the duct 1 into two ?ow passages 8—8a and 
9—9a. 

The rotor 2 comprises several blades 6 of arcuate pro?le 
?xed radially to a boss 7 and of concave form as seen 
from the direction of the revolving rotor (hereinafter, 

are to be understood to 
be seen from that direction), as shown in FIGS. 1(b) and 
2(a). The guide vane assemblies 3 and 4 also have radial 
vanes with curved pro?les, but in each assembly the con 
vexities of the vane face on one side of the ?at partition 

‘ 5 is opposite to that on the other side thereof as shown in 
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FIGS. 1(a), 2(d) and 2(e). Moreover, the con?guration 
of the vane assembly 3 is opposite to that of guide vane 
assembly 4, as shown in FIGS. 1(a), 2(d) and 2(e). 

Fluid dynamical consideration of the operation of the 
ventilating machine of the above described construction 
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will be described below in a simpli?ed manner with refer 
ence to FIG. 1(a). 
When the rotor 2 is rotating at a peripheral velocity u 

in the direction of the arrow in FIG. 1(a), the absolute 
velocity v of the air within the guide vane assembly 3 on 
the right-hand side of the partition 5 has the direction 
indicated since the vanes 3 have the con?guration as 
shown. Therefore, from the resultant velocity triangle, 
the relative velocity w of the air within the guide vane as 
sembiy 3 with respect to the rotor 2 has the direction indi 
cated in FIG. 1(a). 
On the other hand, the air within the guide vane assem 

bly 4 has an absolute velocity 115 since the vanes 4 have the 
con?guration shown. Therefore, from the resultant veloc 
ity triangle, the relative velocity wa of the air within the 
guide vane assembly 4 with respect to the rotor 2 may 
be considered to have the direction shown. 
As is apparent from FIG. 1(a), the direction of the rela 

tive velocity w of the air within the guide vanes 3 is ap 
proximately the same as the direction of the upper lead 
ing edge of the blades 6, but the direction of the relative 
velocity w,, of the air within the vanes 4 is substantially 
different from that of the lower leading edge of the blades 
6. For this reason the resistance to the ?ow of air from 
the guide vanes 4 into the rotor 2 becomes greater than 
that of air from the guide vanes 3. Consequently, the air 
?ows from bow passage 8 toward ?ow passage 8a, and a 
velocity component w, from the guide vanes 4 toward the 
rotor 2 as indicated in FIG. 1(a) cannot exist. 

In the ?ow passage 9—9a on the other side of the parti 
tion 5, the air flows from 9 toward 9a for the same reason, 
whereby a counter?ow state is established in the ?ow pas 
sages 9~9a and 3-8a. That is, it is possible to supply air 
simultaneously in opposite directions by means of a single 
rotor 2. 
The angles of the edges of the guide vanes 3 and 4 and 

the blades of the rotor 2 of the ventilating machine of the 
invention as described above vary, depending on the ?uid 
to be propelled, but in the case of air, angles substantially 
as indicated in FIG. 1(a) are recommended. 

In a speci?c embodiment of the invention as shown in 
FIG. 3, a regenerative matrix is incorporated in the struc 
ture of the ventilating machine shown in FIG. 1, and heat 
exchange is caused between the oppositely ?owing streams 
of air. The rotor 2 is driven by amotor 10 mounted in the 
boss 12 of the guide van assembly 4 and ?xed thereto by 
bolts 13. The guide vane assembly 4 is ?xed by bolts 11 
to the duct 1. The boss 7 of the rotor 2 is ?xed by a key 
15 to the rotor shaft 14 of the motor 10, the rotor 2 being 
rotated in the direction of the arrow shown in FIG. 3(f). 
A regenerative matrix 16 of mesh form made of metal 

Wire such as copper, aluminum, or iron wire is interposed 
between the blades 6 of the rotor 2 and greatly promotes 
the heat exchange between the streams of air caused by 
the rotation of the rotor 2 to ?ow in opposite directions 
in the flow passages 8-8a and 9-911. More speci?cally, the 
regenerative matrix 16 is heated, for example, by the air 
?owing through the passage 8-8a and, as it rotates, re 
leases the heat stored therein to the air ?owing through 
the passage 9-901, whereby simultaneously with the sup 
plying of air in opposite directions, it is possible also to 
accomplish automatic heat exchange between the two air 
streams. 

In one experimental example, the essential details of a 
ventilating machine according to the invention were as 
?ows: number of blades on rotor 2, twenty; axial dimen 
sion t (as shown in FIG. 3 (g)) of rotor 2, 15 mm; diam~ 
eter d of rotor, 150 mm.; number of vanes of each guide 
vane assembly, twenty; axial dimension l,,, of each guide 
vane assembly, 5 mm.; axial dimension lb of regenerative 
matrix 16, 7.5 mm; and edge angles of blades and vanes 
as indicated in FIG. 1(a). When this ventilating machine 
was operated at a rotor rotational speed of 1,500 rpm. 
with a temperature difference of 20 degrees C. ‘at the inlets 
of the air streams ?owing in opposite directions, a tem 
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4 
perature di?erence of approximately 10 degrees C. was 
obtained at their outlets. 
The relationships of air ?owrate Q and static pressure 

H at various rotor speeds of the above described ventilat 
ing machine supplying air streams of equal ?owrate in 
opposite directions are indicated by the Q-H characteristic 
curves shown in FIG. 4. The utility and practical nature 
of this supply-exhaust ventilating machine as indicated by 
the aforedescribed ?uid dynamical consideration are ap 
parent also from these experimental results. 

In another embodiment of the invention as shown in 
FIG. 5, the feature in which it differs from the example 
shown in FIG. 3 is the disposition of the mesh-form re 
generative matrix 16, which, as shown in FIG. 5, is ?xed 
to the rotor shaft 17 of the rotor 2 at a position on the 
outer side of one (4) of the guide vane assemblies. 
By this construction, the removal or replacement of the 

mesh-form regenerative matrix 16 from the outside is 
greatly facilitated, whereby, in the case when foreign sub 
stances such as dust are adhering to the matrix 16, it can 
be readily removed and cleaned. In this example, the 
motor 10 is supported by support members 18 ?xed by 
bolts or screws 19 to the duct 1. In the construction illus 
trated in FIG. 5, furthermore, the use of ?anged ends of 
the duct 1 to form a unit product affords great conven 
ience and adptability for suitable attachment to walls or 
other ducts. 
As is apparent from the above description, the present 

invention provides a supply-exhaust ventilating machine 
capable, with a single rotor, of simultaneously supplying 
air streams in mutually opposite directions and, at the 
same time, causing heat exchange between these air 
streams by the use of a regenerative matrix rotating co 
axially with the rotor. Accordingly, the present invention 
is highly effective and advantageous when applied to 
equipment requiring ventilation for air conditioning and 
heating and cooling of spaces thereby to accomplish simul 
taneous ventilation and heat exchange in an e?icient man 

ner. 
Furthermore, the ventilating machine according to the 

invention requires much less space, more speci?cally, of 
the order of from 1/3 to 1/2, of that required by conven 
tional equipment for performing the same functions with 
the same air ?owrate and same heat-exchanging perform 

ance. 
Another advantage, which cannot be neglected, is the 

sound-proo?ng afforded by the mesh-form regenerative 
matrix when it is positioned on the inner side, or room 
side, of the moving parts. In the case where the regenera 
tive matrix is to be mounted on a shaft separately from 
the blade rotor, it is preferable to reduce the rotational 
speed of the matrix by means such as gears to approxi 
mately 10 to 50 rpm. thereby to reduce mixing of the 
high-temperature and low-temperature gases. 

It should be understood, of course, that the foregoing 
disclosure relates to only preferred embodiments of the 
invention and that it is intended to cover all changes and 
modi?cations of the examples of the invention herein 
chosen for the purposes of the disclosure, which do not 
constitute departures from the spirit and scope of the in 
vention as set forth in the appended claims. 
What I claim is: 
1. A gas ventilating machine of the supply-exhaust type 

comprising a cylindrical duct with an interior divided into 
two ?ow passages by ?at partitions extending in parallel 
with the duct axis along the length of the duct except for 
duct sections where rotating parts are positioned; a blade 
rotor ?tted with blades wherein the blade face is concave 
and the blades are supported rotatably and coaxially with 
the duct in said duct section; means to drive said blade 
rotor in rotation in one direction; and guide vane assem 
blied respectively disposed near both axial ends of said 
blade rotor and having radial vanes with curved pro?les, 
the curvature of the vane face on one side of the partition 
being opposite to that on the other side of the partition, 
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and the curvature of the vane face in each of said guide 
vane assemblies being opposite each other. 

2. The gas ventilating machine as de?ned in claim 1, 
wherein a mesh-form thermal regenerative matrix is pro 
vided in, and rotates with, said blade rotor. 

3. The gas ventilating machine as de?ned in claim 1, 
wherein a mesh-form matrix is provided, rotating in said 
duct section, driven by the rotation of said blade rotor. 
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