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(STAR) INLINE STEAM HEATERS—TDR-M

No water hammer

Accurate temperature control
Steam flow control « 0 ~ max.
Manual or automatic control (T.1.C)

STEAM INLET

SPRING-SHAPED ELEMENTS
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e
—
EE —QUILET

NOZZLE
U.S. PATENT
NO 4616, 678

® The inline steam heater is a hot water heater
which produces heated water/liquid by blow-
ing steam directly to water or liquid inside
piping. This is a highly efficient hot water
heater of such system as quite different from
conventional heat exchanging system.

® \Water/liquid inside piping is mixed with steam
injected from many tiny orifices provided aslant
in the nozzle while passing through the inside
of nozzle of an inline steam heater, resulting
in being heated instantaneously. Thus, it is
turned to be hot water/liquid and discharged

STRUCTURE AND MATERIAL
4 3
Pt

from the outlet.

® The steam supplied for heating water is
diffused while passing through a spring-shaped
element filled inside body and sucked therein
from tiny holes provided in the nozzle, result-
ing in being extremely small in noise and vibra-
tion. In the case of an automatic control
system, even if the quantity of steam is in-
creased or decreased, no hammering of steam/
water is caused, resulting in being possible to
carry out operation silently.

Table 1
Bl omenelatune Rl (over 40 TOR)
1 Body Cast iron st;:i?\lst;tss Steel
2 | Nozzle Stainless | Stainless | Stainless
3 | Element Stainless | Stainless | Stainless
4 | Cover Stainless | Stainless | Stainless
5 Drain plug Steel Stainless Mailrlgﬁble




Size and dimensions

Table 2
Pipe flange . >
SIZE No. linches) Dimensions (mm)
i A B L e f Plug
4TDR-AM 1” 1 160 80 95 Ya”
6TDR-AM 1Va”  1Va” 180 90 110 Vo le—— A ——>
8TDR-AM 1" 12" 190 95 115 Ya” * T
10TDR-AM 2 2" 220 110 120 3/g” ? i &/— e
12TDR-AM 2" 212" 270 135 130 3/g” /
16TDR-AM 3” 3" 300 150 150 3" ‘4" ' \ B
20TDR-AM L
47 47 450 180 160 2"
20TDR-BM |
24TDR-AM
b” 4" 510 200 170 o
24TDR-BM
32TDR-AM f —»f
6" 5” 600 230 200 o >
32TDR-BM
40TDR-AM
| 8" _ _ _ — IR U | —
40TDR-BM
48TDR-AM
10// . . —_— e 3/4//
48TDR-BM
64TDR-AM
2 127 — — — — 3, Flange ANSI 150LB-RF
64TDR-BM

® Steam pressure, body materials and differential heating value At and other specifications outside the specifications
may be provided upon consultation. The above dimensions may be changed.

® Orders for sizes over 40 TDR are made to specifications.

® The above specifications are subject to change without notice.

Application Remarks Page

i Steam is injected directly into the water for instantane- 4~5
S—c i ous and continuous heating to the specified tempera-

|h| QeSS SV TEL ture at the discharge outlet of the inline steam heater 8~9

with this fluid heat exchanger.

Fluid is recycled in the piping and steam is injected to 6~ 7
- heat to the specified temperature again and again.
| | = A
- LAV TR Furthermore, this application is for a continuously 8-9

recycling heat exchanger.

(® HEATING Water is recycled in the piping and a specified temper-

i @ SUPPLY HOT WATER ature always can be maintained. 10~14




STEAM

(1) ONE-PASS SYSTEM

Hot water
discharge I I
open type

RN P2.T2

V.P1:T1

One-pass system inline steam heater standard flow rate (m3/h)

Table 3
SIZE No. Stan\(;a.rd;qlg/v';/r rate Minivgmrg%\rrlvr rate : .Pipe flange (inphes)
Liquid Steam
4TDR-AM 2.4 1.2 ik 17
6TDR-AM 5 2.5 18" 1Va”
8TDR-AM 9 4.5 12" 12"
10TDR-AM 14 7 2 2"
12TDR-AM 20 10 21" 22
16TDR-AM 32 16 3” 37
20TDR-AM 50 25 4" 4"
24TDR-AM 70 35 5” 4"
32TDR-AM 120 60 6" b7
40TDR-AM 210 105 8" ®
48TDR-AM 330 165 10" *
64TDR-AM 520 260 12" *

* Note: Orders for sizes over 40 TDR are made to specifications.

ONE-PASS SYSTEM PIPING EXAMPLE

Discharging hot water

Steam

Water inlet

Hot water

Hot water shower

ANSI 150 LB RF

Water inlet

Steam

Overflow valve

JIN 7,

AR

Shéwer head




INLINE STEAM HEATER ONE-PASS SYSTEM FEATURES
1. STEAM INJECTION RATE (max) ater 8 e o ka
control PPl 0.5 1 25

Example: Max steam injection rate « kg/hr !

for 12 TDR-AM 0~10°C 0.9 1.0 1.0
Water Steam pressure kg/cm2G 20° 0.9 1.0 1.0
P?Legs/scl;lrng 1 2 3 4 6 8 10 MAX 30° 0.8 1.0 1.0
0.5 435 | 635 | 830 |1,025{1,410|1,785|2,160 40° 01715 0.9 1.0
1 O | 635 | 830 [1,025/1,410|1,785|2,160 50° 01,7/ 0.85 1.0
— 0| 790 |1,025|1,410|1,785|2,160 Minimum 0~70° 0.5 0.5 0.5

2

3 — = 0| 920(1,410(1,785/2,160
4 e = 0|1,350(1,785|2,160
5 — — —|1,180/1,740|2,160

Steam injection rate coefficients

SIZE No. 4 |16 |8 (1012|116 |20 |24 | 32

Coefficient|0.17/0.28/0.38/0.61| 1 |1.4|2.4|2.4|3.7

2. STEAM INJECTION RATE (min)

Steam injection rate min =0 kg/hr

Steam supply injection flow rate can be controlled to
a minimum of O kg/hr without any noise or vibrations
caused by hammering.

3. CALCULATION OF THE STEAM
FLOW RATE

VX(ta—t1)
h” —t,

Steam flow rate Sw = kg/hr

V: water flow rate t/hr « h”: specific enthalpy (KCal/kg)
to: hot water temperature ty: water temperature

Example 1: 12 TDR-AM
Water flow rate: V=20m3/hr
Steam pressure: 4 kg/cm2G

20,000 (40° —-10°)
656.1-40

Example 2: 12 TDR-AM
Water flow rate: V=10m3/hr
Steam pressure: 6 kg/cm2G

10,000 (80° —10°)
w= =1208 kg/hr
659.7 — 80

Sw = =974 kg/hr

4. WATER FLOW RATE CONTROL
(standard flow rate coefficients)

5. WATER FRICTION LOSS (AP)

1. Steam is not injected (during standard flow rate)

.......................... max 5mAq
2. Continuous steam injection above normal At of
20deg C .. ... .. OmAqg

6. STEAM PIPE DIAMETER

Select the internal pipe diameter for steam with a
velocity of 30 m/s as standard. Use a reducing flange
to connect an inline steam heater flange to the flange
of a steam pipe of different size.

7. ELEMENT

1. When the steam rate is controlled, hammering is
completely eliminated by the element installed in
the body.

2. If the flow rate declines in inline steam heaters
that have been in use for a long time, performance
is reduced by accumulations of impurities in the
element.

In this case, the element is removed by pressing
it out to eliminate the problem.

3. When water quality causes element blockage, an
inline steam heater without a element can be
made. Please inquire about this type of applica-
tion to the manufacturer.

Examples: ® Paper pulp water

® Sugar water
® Starch water

8. WATER FLOW RATE CONTROL

1. Water flow rate is controlled on the inline steam
heater inlet side.

2. Water flow rate cannot be controlled on the out
let side.

3. If water flow rate is to be controlled on the con-
trolled water volume is returned to the suction side
of the pump or controlled as overflow from a relief
valve.




STEAM

(2)RECYCLE SYSTEM

LOOP HEATER
CLOSED SYSTEM

RECYCLE SYSTEM INLINE STEAM HEATER PUMP WATER FLOW RATE (¢ min)
Table 4
SIZE No. PLfJIr:vPi/ \:zlaifaer HlpETang: inches) SIZE No. P‘{‘llrg\gl \:;?Eeer Hpgtaeg fnches)
¢/min Liquid Steam ¢/min Liquid Steam
4TDR-AM 32 1” 1” 20TDR-BM 1,000 4" 4"
6TDR-AM 67 1Va” 1Va” 24TDR-BM 1,400 5” 47
8TDR-AM 120 127 1" 32TDR-BM 2,400 6” 5
10TDR-AM 190 27 2" 40TDR-BM 3,600 8” ke
12TDR-AM 270 212" 22" 48TDR-BM 5,600 10" *
16TDR-AM 430 3" 3” 64TDR-BM 9,000 127 *

Note: Orders for sizes over 40TDR are made to specifi-
cations.

RECYCLE SYSTEM PIPING EXAMPLES

Reactor jacket Closed loop

E heater with
Overflow
valve

Steam [

Reactor tank

T Pump

Recycling heat Closed loop heater

service with discharge Closed tark |




INLINE STEAM HEATER RECYCLE SYSTEM FEATURES

1. STEAM INJECTION RATE (max)

The maximum differential average heating tempera-
ture with an inline steam heater installed is 10 deg.
C. The maximum steam injection rate is calculated for
each size based on the formula with a differential aver-
age heating temperature of 10deg. C.

Example: Calculation of the quantity of steam flow

(max)
At
V x60x10°
Steam flow S w= —————
h” —t,

V: pump water flow rate £/min

h”: specific enthalpy (KCal/kg)

to: hot water temperature
steam pressur 4 kg/cm2G

Example 1: 12 TDR-AM V =270/{/min
270x 60 x 10°

Sw= ———————— =286 kg/hr
656.1-90 (steam pipe dia 1%2")

Example 2: 20 TDR-BM V = 1000¢{/min
Swo 1000x60x10° e kgshr
656.1-90 (steam pipe dia 212")

2. STEAM INJECTION RATE (min)

Steam injection rate min=0kg/hr

Steam supply injection flow rate can be controlled to
a minimum of 0 kg/h without any noise or vibrations
caused by hammering.

3. DIFFERENTIAL AVERAGE HEATING
TEMPERATURE (At)

Water temperature rise
At=0~10 deg. C°

4. PUMP WATER FLOW RATE
CONTROL (standard flow rate
coefficients)

When it is necessary to control the pump water flow
rate, the following control ranges are possible.

Water D:\f/:earégal Inlet water pressure P; kg/cm2G
flow rate heating
control temApteLac’gure 0.5 1 2 3 4 5
NOR 0~10 0.9 1 1 1 1 1
MIN 0~10 0.4|104|04|04|04)|04

5. WATER FRICTION LOSS (AP)

Water flowrate ................. max 3 mAq

6. STEAM PIPE DIAMETER

Select the internal pipe diameter for steam with a ve-
locity of 30 m/s as’standard. Use a reducing flange
to connect an inline steam heater flange to the flange
of a steam pipe of different size.

7. INLINE STEAM HEATER AND PUMP
PIPE SYSTEMS

Strainer

=
]
o
2
wn

Inline steam heater Pump

When the steam pressure is higher than the pump deliv-
ery pressure SP>P;,

B

Strainer

/ Control

Pump

Inline steam heater

fe—>3L —of— L
When the steam pressure is lower than the pump deliv-
ery pressure P>>SP> P4

In figure B, the system is not of the suction type for water
supply. P, >0.5kg/cm3G




ONE-PASS AND RECYCLE INLINE STEAM HEATER APPLICATIONS
WITH WATER TEMPERATURE CONTROL

(1) One-pass system to supply

heated water

Steam

Strainer

Control valve

Check valve

Liquid

=

Discharge

(2) Re-cycle type loop heater

Control
valve
Steam

Strainer

Pump

INSTALLATION

1.

The inline steam heater can be used with piping
either in the horizontal or vertical direction as shown
in the figures.

The steam line connected to the steam inline heater
should be horizontal or flowing down if vertical. A
vertical steam line with upward flow cannot be used.
Install the check valve near the connection between
the steam line and the inline steam heater.

As shown in the drawing, install a Y strainer (40 to
60 mesh) in the steam line.

High temperature heated water may reverse its flow
even after operation ends in the system shown in
figure (1) so a check valve should be installed be-
tween the inline steam heater and pump.

Starting

LIQUID TEMPERATURE CONTROL

Liquid temperature can be controlled by installing
an automatic steam control valve.

In principal, control of heated water temperature
can be accomplished by controlling steam flow
rate but when necessary it can also be done at
the inlet of the inline steam heater.

Controlling range for steam inlet flow rate can be
controlled from O to max by and ON-OFF control.
Prevention of hammering

By controlling the steam injection flow rate, if the
steam pressure becomes less than or equal to the
water pressure hammering is completely prevent-
ed by the elements installed in the body.
Liquid pressure control

The controlling range for water pressure should
be from a minimum of 0.5 kg/cm2G to a maximum
of 5kg/cm2G

In the one-pass system shown in figure (1) the in-
jection steam pressure enables keeping the water
pressure Py and the heated water pressure P,
equal and the average temperature difference AT
greater than 20 deg. C.

Maximum temperature T, for heated water can be
kept approximately 10 deg. C lower than the
steam saturation temperature, which has a pres-
sure equal to that of the heated water pressure
inside the discharge pipe.

If the steam input is small and a standard diameter
pipe is not necessary, select a suitable steam pipe
that matches the steam flow volume (steam flow
velocity in the pipe is 30 m/s) and make the con-
nections by a reducer.

HOW TO USE

(1) Water is supplied.
(2) Open the steam valve.

Water temperature control

(3) Control the steam flow to obtain the
desired water temperature.

Shut dqwn (4) Closed the steam valve

(5) Shut off the water.




AUTOMATIC LIQUID
HEATING CONTROL

CORROSION RESISTANT INLINE
STEAM HEATER AND MIXER

The inline steam heater can automatically control
heated liquid temperature if combined with a suitable
automatic temperature controller.

Example of automatic control of heated liquid tem-
perature

1. Control system

Air
s
Thermostat
; Air
Steam iaphragm e

ontrol Valve
! Regulator

Check valve
Temperature

Discharge []€element
rE—n = =
[e) _” 3

Inline steam
heater

‘2. ON-OFF control system

Thermostat

Inline steam
heater

Teflon lining

TEFLON

A teflon lining is applied to the body and the nozzles
are made of teflon in this inline steam heater and
mixer.
Chemical resistance ... Sulfuric acid, acetic acid,
nitric acid, hydrochloric acid, phosphoric acid and
others.

CORROSION RESISTANT METALS

Stainless steel, carpenter metal, monel, nickel, hastel-
loy, titanium and others.

Inline heater may be coated with teflon or made of
corrosion resistant metal for handling the heating of
the specific fluid.

Our product line includes inline steam heaters capa-
ble of withstanding hydrochloric acid, sulfuric acid,
mixed acids, caustic soda and several hundred other
fluids. We have data on corrosive fluids with the fol-
lowing ranges:

Density O to 100% Heating temperature O to 200 deg.
C and offer the most suitable and economical metal
for your corrosive environment needs.
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(3) HEATING

(4)SUPPLY HOT WATER

APPLICATION

STEAM

Heating water

supply

(5

Pump

Pump delivery and heat output for heating/supply hot water application

(standard application)

Table 5
Heat output Kcal/hr PUMpYwater Pipe flange (inches)
Size No. AI-![e;agrggC Hot thaﬁeéoscul:’ply ﬂo(;/Nmirr?te Hot water Steam
4TDR-AM 19,000 29,000 32 1” 134
6TDR-AM 40,000 60,000 67 1Va” 1Va”
8TDR-AM 72,000 108,000 120 112" 17
10TDR-AM 114,000 171,000 190 24 27
~ 12TDR-AM 162,000 243,000 270 215 2V
16TDR-AM 258,000 387,000 430 Byt B
20TDR-BM 600,000 900,000 1,000 4 47
24TDR-BM 840,000 1,260,000 1,400 B¢ 4
32TDR-BM 1,440,000 2,160,000 2,400 6” B

Note: Selection of inline steam heater and pump may be made from Table 6. Make the selection based on the STAR

Inline Steam Heater selection chart. (Table 6)

ﬂNLINE STEAM HEATER HEATING WATER APPLICATION FEATURES (design)

1. DESIGN

Although much of the existing piping may be used
when replacing a ordinary heater with an inline steam
heater, generally heating and hot water supply piping
supply examples are used.

The inline steam heater and pump are selected accord-
ing to the heating range and load shown in Table 6
and the inline steam heater selection table.

For the inline steam heater, structually, it is necessary
to have the steam pressure higher than the inlet water
pressure.

The range for inlet steam heater supply water pres-
sure should be 0.5 kg/cm2 (min) to 5 kg/cm?2 (max).
It is absolutely necessary to have a check valve and
Y-type strainer at the steam connection to the inline
steam heater.

In making computations for the pump head, it is pos-
sible to ignore friction losses of the inline steam
heater.

2. HEATING APPLICATION

The heating output in table 5 is calculated based on

the average differential heating temperature of At 10

deg. C.

For steam pressure at the inline steam heater inlet,

use the following ranges:

TDR-A type: Minimum (water pressure + 0.5kg/cmz2)
to maximum of 7 kg/cm?

TDR-B type: Minimum (water pressure + 1.5 kg/cm?2)
to maximum of 7 kg/cm?2




3. SUPPLY HOT WATER APPLICATION

The heat output in table 5 is increased by the steam
injection flow rate and the average differential heat-
ing value of At 15 deg. C is calculated based on this.
At the inline steam heater inlet, the steam pressure
is in the following ranges:

TDR-Atype: Minimum (water pressure +
1.5 kg/cm?) to maximum of 7 kg/cm?2
TDR-B type: Minimum (water pressure +

3 kg/cm?2) to maximum of 7 kg/cm?2

4. WATER FRICTION LOSS (AP)

Inline steam heater friction loss, for steam flow
stopped, is as shown in the following table but when
steam is flowing, the friction loss AP is less than /3.

Friction loss AP
MAX 3mAq
MAX 4 mAq

Pump water flow rate

(Table B5) pump water flow rate

Water flow increases 12%

5. MAINTENANCE

Up till now, heat exchangers have been sheet metal
.- cans and copper tubes, which require periodical in-
spection. However, the inline steam heater requires
no periodical inspection because it is not a pressure
vessel.

Moreover, galvanic corrosion has been a problem with
heat exchangers up to the pressure but there are no
‘concerns of galvanic corrosion with the inline steam
heater at all.

6. NOISE GENERATION

Injecting steam into water resembles a silencer but
there is absolutely low noise and vibration. Quiet oper-
ation is possible. When it is desired to operate in a
quiet environment, sound deadening box and flexible
joints can be used.

7. EQUIPMENT SPACE

Inline steam steam heater can be installed in the ceil-
ing, in a pipe shaft or where a valve group is installed.
Generally, the inline steam heater and pump are
installed in a mechanical room.

8. STEAM PIPES DIAMETER

Select the internal pipe diameter for steam with a ve-
locity of 30 m/s as standard. Use a reducing flange
to connect an inline steam heater flange to the flange
of a steam pipe of different size.

9. PIPING LAYOUT EXAMPLES FOR
INLINE STEAM HEATER AND
PUMP

Strainer

€
®
o
D
wn

inline heater Pump
Steam pressure is higher than pump delivery pressure
SP>P,
g Strainer
D
)
== y/ Control
(A valve

Check valve

r
I
I
I
]
|

Pump Inline steam heater

— S3l—ef L

Steam pressure is lower than pump delivery pressure
P,>SP>P;,

In Figure B, the water cannot be sucked up vertically.

P, >0.5kg/cm3G

11
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(®HEATING

Heating application piping example and
expansion tank system (without

flow control)

Supply water
—<-0

Expansion tank

Strainer

Control valve

Check valve

Inline steam heater

Pump

Fan coil unit

The piping system can be combined with a cooling

system in the same manner as a conventional system.

Install the air relief valve in the inline steam heater dis-

charge pipe to serve as an air separator.

To control water flow on the radiator side, bypass the

radiator inlet and pump inlet and install a back pres-

sure valve.

(@) SUPPLY HOT WATER

Supply hot water piping
application example

Steam

Strainer

Expansion or
relief valve

Vi
Supply water

Pump flow rate V =Recycle rate V,+ Return hot water V3

Hot water shower

Hot water supply
(.

A

Recycle
Va

V3 Return hot water

Recycle water V, and return hot water V3 from the
inline steam heater are recycle so the supply hot water
is always maintained at the same specified tempera-
ture, e.g., 60 deg. C. Excess water due to expansion
caused by steam injection is discharged into an ex-

pansion tank or a high water tank and may be dis-
charged by the relief valve.

Expanded water volume corresponds to the heating
load used to heat up the water in the pipe to the set
temperature.




Table 6
£/min ] T T [T 11T T N — 7
[Heatingat5°~ 10°C|{Supply hot water At10°~ 157 7 T A X
S/ A 1A 17
V\ _Q() l(} A
\\ \<°/
4000 / v v\/ /
3000 2z
v 4
/| 32TDR—BM4/
2000 H-A~ ///
T
/| 24T0RBM
1000 /l,
7
—/—20TDR-BM
/ /
Z 7 7
250 / 16TDR-AMY
400
//
300
200 10T
/ L
8TDR-AM
100 7
P4 Z p4
‘/ 114
50#7 6TDR- /IVI/
40// ~ e
30— 4TDR“»AM//I/
oA
// 4
/ |
20 30 50 100 200 300 500 1000 2000 X 10" kcal/h
Heat output
CALCULATION EXAMPLES FOR
INLINE STEAM HEATER AND PUMP
SELECTION
Example 2
Inline steam heater and pump can be selected accord- Supply hot water load is 270, 000 kcal/h
ing to the following examples in terms of heat output Select 12TDR-AM by using the selection chart and
and water temperature rise (At). finding the intersection of the lines for 270,000 kcal/h
Example 1 heating output and At of 15 deg. C.
Heating load is 180,000 kcal/h Recyclzl?gorél;mp flow rate V in liters/min:
Select 12TDR-AM by using the selection chart and V= Aﬂs"xeo=300t’/min (Pipe diameter 212 ")

finding the intersection of the lines for 180,000 kcal/h
heating output and At of 10 deg. C.
Recycling pump flow rate V in liters/min:

180,000

V= ———————=300¢min (Pipe diameter 2V2")
At 10 x 60

13
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SUPPLY HOT WATER CALCULATION
EXAMPLE

(1) Supply hot water in liters/min at 60 deg. C.
A. Showers
Hot water valve 12"

12 showers x 15.1 { x

*Z x 0.62=821//min..V,
45-5
60-5
0.62: Simultaneous use rate
B. Bath tubs 3/,” « 1 tubx 35 liters
Hot water for bath tubs does not require calcula-
tion of a supply hot water flow rate.
(2) Supply hot water load kcal/h 60 deg. C
Supply hot water flow rate 82¢x 60 x (60°—5°)
=271,000 kcal/h
(3) To maintain a flow rate of supply hot water of
82 liters/minute at 60 deg. C, a recycling flow rate
V; for the inline steam heater average differential
heating At of 15 deg. C,

(Vo x to)+ (Vg x tq)
Vo4V

recycling flow rate V,=218¢/min.
Accordingly, the pump flow rate is
Vi+V,=82+218=300¢/min....

(4) Inline steam heater and pump selection
Select 12TDR-AM by using the selection chart and
finding the intersection of the lines for
271,000 kcal/h and At of 15 deg. C.
Recycling pump flow rate V in liters/min:
The pump water flow in liters/min is

271,000
15 x 60
(5) Calculations for steam flow rate SW in kg/h and

steam pressure of 3 kg/cm? (steam pressure =
inlet water pressure + 1.5 kg/cm?2)
271,000
h " _tz

: Supply hot water temperature conversion rate

=+ At:tg

V:

=300/{/min (Pipe diameter 2%2")...

SW= =460kg/h (Pipe diameter 2”)

SUPPLY HOT WATER PIPE SIZE
DETERMINATION METHOD FOR
COMPUTED HOT WATER FLOW

(reference)
Table 7
Discharge hot
Rate of
: water flow Number of :
Device rate calculated devices smul&:geous
at 45 deg. C
Wash basin 5.7 ¢/min 1~2 100
Bath tub 15.1 4 83
Shower 15.1 8 70
Water for
washing 18.9 12 62
down
Water for
cooking 7.6 16 60
Water for 20 57
clothes 18.8
washing 24 54
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Results of Delivery (in Japan, America) .

CHEMISTRY

MITSUBISHI CHEMICAL INDUSTRY LTD.
MITSUBISHI GAS CHEMICAL INDUSTRY LTD.
MITSUBISHI CEMENT INDUSTRY LTD.
MITSUI-TOATSU CHEMICAL INDUSTRY LTD.
MITSUI PETROCHEMICAL INDUSTRY LTD.
ASAHI CHEMICAL CO.,, LTD.

ASAHI GLASS CQ., LTD.

CENTRAL GLASS CO,, LTD.

NIHON PETROCHEMICAL INDUSTRY LTD.
NITTO CHEMICAL INDUSTRY LTD.
HODOGAYA CHEMICAL INDUSTRY LTD.
SEITETSU CHEMICAL INDUSTRY LTD.
DAISERU CHEMICAL INDUSTRY LTD.
NIHON-GOSEI CHEMICAL INDUSTRY LTD.
NIHON-SHOKUBAI CHEMICAL INDUSTRY LTD.
NIHON EP-RUBBER CO., LTD.

NIHON-ZEON CO., LTD.

TOA-GOSE|I CHEMICAL INDUSTRY LTD.
IDEMITSU PETROCHEMICAL INDUSTRY LTD.
NISSO-CHEMICAL INDUSTRY LTD.
MARUZEN PETROCHEMICAL INDUSTRY LTD.
KASHIMA-ISOPUREN CO., LTD.

SHOWA PETROCHEMICAL LTD.

KOA PETROCHEMICAL LTD.
SHIN-DAIKYOWA PETROCHEMICAL LTD.
KYOWA PETROCHEMICAL LTD.

FUJI PETROCHEMICAL LTD.

SUMITOMO CHEMICAL INDUSTRY LTD.
SHINETSU CHEMICAL INDUSTRY LTD.

"OTSUKA CHEMICAL INDUSTRY LTD.

NISSAN CHEMICAL INDUSTRY LTD.
KANTO DENKA INDUSTRY LTD.
TOHO GAS CO,, LTD.

TOKUYAMA SODA CO., LTD.

TOYO SODA CO,, LTD.

YOKOHAMA RUBBER CO., LTD.
NIHON-GOSEI RUBBER CO., LTD.
BRIDGE-STONE TIRE CO., LTD.
OTSU TIRE CO., LTD.

SHOWA DENKO CO., LTD.

"NIHON TABACCO SANGYO LTD.

SHIN-NIPPON STEEL WORKS LTD.

~ENGINEERING

JAPAN GASOLINE CO,, LTD.

ISHIKAWAJIMA-HARIMA HEAVY INDUSTRY CO., LTD.

CHIYODA CHEMICAL ENGINEERING &
CONSTRUCTION CO., LTD.

MITSUBISH! CHEMICAL ENGINEERING CO., LTD.

ASAHI ENGINEERING CO., LTD.

NIIGATA ENGINEERING CO., LTD.

MARUZEN ENGINEERING CO., LTD.

MITSUI CONSTRUCTION CO., LTD.

TEIJIN CO., LTD.

UBE-KOSAN CO., LTD.

POWER REACTOR & NUCLEAR FUEL DEVELOPMENT
CORPORATION

MITSUBISHI HEAVY INDUSTRY LTD.

MITSUI SHIP-BUILDING & ENGINEERING LTD.
HITACHI SHIP-BUILDING & ENGINEERING LTD.
HITACH!I PLANT CONSTRUCTION LTD.
MITSUI-MIIKE KAKOKI CO., LTD.

MITSUBISHI KAKOKI CO., LTD.

PAPER PULP

OJI PAPER CO., LTD.
DAISHOWA PAPER CO., LTD.
JUJYO PAPER CO., LTD.
DAIO PAPER CO., LTD.
HONSHU PAPER CO,, LTD.
KISHU PAPER CO., LTD.
NAGOYA PULP CO., LTD.
CHUETSU PULP CO,, LTD.
TOYO PULP CO,, LTD.

BREWERY

KIRIN BREWERIES CO., LTD.
ASAHI BREWERIES CO., LTD.
SAPPORO BREWERIES CO., LTD.

FOOD

YUKIJIRUSHI-MILK INDUSTRY LTD.
SUNTORY LTD.

SANRAKU-OCEAN LTD.

OJI CORNSTARCH LTD.
KYOWA-HAKKO INDUSTRY LTD.
RINORU OIL CO., LTD.
AJINOMOTO CO., LTD.

PHARMACEUTICAL

TAISHO PHARMACEUTICAL CO.,, LTD.
TAKEDA CHEMICAL INS., LTD.
FUJISAWA PHARMACEUTICAL CO., LTD.
SHIONOGI PHARMACEUTICAL CO., LTD.

FILM

FUJI-PHOTO FILM CO.,, LTD.
KONISHIROKU FILM CO., LTD.

STEEL

NIPPON STEEL CORPORATION
THE JAPAN STEEL WORKS, LTD.
NIPPON LIGHT METALS CO., LTD.

AUTOMOBILE

TOYOTA MOTOR CO., LTD.
NISSAN MOTOR CO., LTD.
MITSUBISHI MOTOR CO., LTD.
HONDA MOTOR CO., LTD.

AMERICA

KANEK. Houston, Texas.
SHINTECH INC. Houston, Texas.
TOYOTA MOTORS. George Town, Kentucky.
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MANUFACTURING SPECIFICATIONS

SP SW At=tr—t
Ap=p1—p2
t::P,
—_—
FOR ESTIMATING AND ORDERS
1. Heating method Symbol Unit *(1) One-pass system *( Recycle system :% SHu%?)Enh%t -
2. Liquid name/condition * * Water
Volume-load — System volume « m3| *Heating load KCalfhr
3. Liquid Flow rate \% {/min * — *Supply hot water ~ (/min
Temperature t4 o€ * — —
4. Temperature of heated liquid to € * * *
5. Average differential heating At oC 5 * %
temperature
6. Intake liquid pressure P4 kg/cm2G | * * *
7. Discharge liquid pressure Ps kg/cm2G | * o *
8. Water friction loss AP | kg/cm2G
Diameter inches
9. Pump Head H feet * *
Water flow rate \Y, t/min * s
Pressure S p kg/cm2G | % *
10, Steam temperature °C
Flow rate S.W kg/hr * * &
11. Material E(c))g;lle * gfasiali;zg s:[eglast stainless - Carbon steel
12. Flange standard * ANSI LB.
@ HOKUTO MFG. CO., LTD.
Head Office: Kawagoe Plant:

3-23-27-101, Higashi-shinagawa,
Shinagawa-ku, Tokyo, 140 JAPAN

TEL. 03-471-5021 FAX. 03-471-5024
TWX. FAX 81-3-471-5024

2-8-47, Yoshinodai Kawagoe-shi,
Saitama, 350 JAPAN

TEL. 0492-25-5522 FAX. 0492-25-5520

CATALOG NO. TDR-89




