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Understanding Steam
Drainage Systems

Gene Nelson, P.E.
October 10, 2022

What is the definition of an engineer?

What is the definition of an engineer?

Someone who solves a problem
you didn't know you had
in a way you don't understand.
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Learning Objectives
Review how piping arrangements affect steam
condensate drainage.

Understand the parameters behind estimating
warm-up loads.

A better understanding of how pipe size and pitch
affect steam condensate drainage capacity.
Understanding the assumptions used in the current
ASHRAE tables for steam condensate pipe sizing.

Agenda

+ Description of design issues
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Agenda Agenda
 Description of design issues * Description of design issues
» Pressure cascade in steam condensate drainage * Pressure cascade in steam condensate drainage
systems systems
« Air venting and vacuum release
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Agen ;
genda Design Issues
* Description of design issues » Steam Water Hammer
» Pressure cascade in steam condensate drainage « Slugs of liquid water are accelerated to steam velocities until a
systems slug of water hits a 90° fitting or other in-line obstacles.
. . « Rapid change in momentum results in a BANG!!
* Air venting and vacuum release https://www.youtube.com/watch?v=Wvzpxcgw-XE
* Pipe sizing criteria considerations « Damage to pipe supports and steam traps is a real concern.
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https://www.youtube.com/watch?v=Wvzpxcgw-XE
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Two-Phase Steam Condensate
Flow Regimes Design Issues
As the velocity
0 Steam water hammer of the liquid is » Steam Water Hammer
E occurs when waves reach increased, flow + Slugs of liquid water are accelerated to steam velocities until a
] wesce, ) the top of the pipe forming a regime slug of water hits 90¢ fitting or other in-line obstacles.
W }"ansmrms + Rapid change in momentum results in a BANG!!
& JSLnble plug https://www.youtube.com/watch?v=Wvzpxcgw-XE
é stratified, wavy, » Damage to pipe supports and steam traps is a real concern.
g S'l}%vﬂannu'aﬂ - Slow, inadequate drainage rates
H :zlgsimgzv Inadequate drainage can back-up condensate inside heat
§ ) exchangers resulting in
4 ;E::A”E""‘ « reduced capacity
Most stable flow Research Paper + Corrosion
GAS MASS FLOW RATE ———n RP-167 « Potential freezing of preheat coils.
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The Pressure Cascade

AirVents

The Pressure
Tonotor o L a2

C ascade o] Pm—
oL
/’h=205455m/\t7\‘92 It
.

Condensate forms at line pressure:
(10 psig, 240°F)

Steam Condensate Line.

Condensate at pump receiver
(0 psig, 212°F)

ir Vont/
P5=P6 +4Ps Vac. Breaker 3

Difference of 28°F and 10 psi Fast Tarky

P6= P9+ Vent 4 4P
Energy to change
temperature/pressure is removed
by forming flash steam.

Ventsto
Atmosphero

Overtow
2.81% flash steam by weight. with P-trap. v
AITOSt 1600 imesiehangein [ @Pressure o, o126, hets01781UM
volume. P8.=Vont 5 4P

PUmp " Condensate Pump.
Receiver

Airvent

Vac. Broaker 1 _f Al
o] [H1oipteg gy f Vac Breaker2

— Drip Trap Line
Keep line loss to trap inlet < 1 psi.
Recommend 2 feet pf pipe or less.

SteamLine @
0 psig, 2407 Condensate

TE-
h=208.45 BTUM

Large AP at trap

(80% or 0. 5 psi minimum for low
pressure systems) Steam bubbles
form.

A Vent
Vac. Broaker 3

Total length of drip trap line should be
< 10 feet in length to minimize forces
of plug flow.

Condensate can be lifted after trap and
before connection to main drain line.
F— Liquid Condensate

@ Prossuro P8, 212°F, h= 180.17 BTUI
P8 = Vont 5 AP

Amount of lift dependent on AP
between trap outlet and drain PUMP  Condensate Pump

e Recoiver
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Drip Trap Line Sizing

COLLECTING LEG SAE
DIAMETER AS STEAM MAN

ATER
Al

Table based on 70°F ambient and 300 feet of ‘

T ceenoone Schedule 40 steam pipe.

TOSTERM TRAP

'55% STERMMAN O
BUTNOT LESS THAN 4 n

H1+ H2 = 28" min. for automatic warmup,
1.5 pipe dia., 8" min. for supervised warmup

COLLECTING LEG SAVE DIAMETER 15psig | 50psig | 100 psig | 150 psig
e ’
oL Nominal Max. Max. Max. Max.
#1= 2810 MINMGW Trap Body Steam Steam Steam Steam
FoR SUPERSED W
Ve VMETER Size Main Size | Main Size | Main Size | Main Size
(in) MaxPPH | (in) (in.) (i) (in)
1/2" 400 4 4 2 7
3 300 & & o o
orrpocker Tosrem TR o flEo i T o o
[ 11/a" 3,400 22" 18" 16" 14"
 wise wsTenman 11/2" 5,100 > 22" >18" 22" 20"
= 10,000 = = >22" >20"

HORIZONTAL RUNS

Fig.4 Method of Dripping Steam Mains

Drip leg dia. = Pipe size up t0 4", | Fig. 4 is from ASHRAE 2020 Systems and
50% pipe size for >4’ Equipment Handbook, Ch. 11.5
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The Pressure
Cascade —
Main Drain Line

Top connection is important

Steam Line @ -
10 psig, 240°F Condensato @ e
S ; Vac. Breaker 2

10psig, 240°F
h=20845BTUM,

Large AP at trap discharge into drain line: B Condenasia L

(20-90%)

Gravity drain with low pressure drop to
vented receiver. Usually < 2 psi above
receiver pressure. No lifting!!

Fash Tan
Po=Pa e Vent 4P

entsto
Pipe pitch is important to develop head to Amowhars
move condensate. Length limited by

amount of available pitch. oo el )
t— Liquid Condensate
Flash steam pressure drop should be the o T LT BT

same as gravity drain for stratified flow. Pump

‘Condensate Pump

Rocoiver
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https://www.youtube.com/watch?v=Wvzpxcgw-XE
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The Pressure Cascade
— Flash Steam Vents:-.—

10 g, 240°
Flash Tank steam vent to atmosphere or to
low pressure steam line.

Gondensate @
10 psig. 240°F

Condensate pump vent can vent flash steam
without flash tank if vent is greater than inlet

size. Condensate pump vents are usually
<2 |

Steam Condensate
Backpressure
P5=P6 +4Ps

Flash Tank/
Pump | pump | pump | vent| PPH@

Receiver
P6= P9 + Vent.
pon | gom

00 6

Ventsto
Atmosphero

Condensate pump receivers should be v
vented to outdoors, not to mechanical roomsuin #-vas

Flash tank is required when drain line (P6) is
larger than condensate pump vent (Vent 5). g

Condensate Pump
Receiver

h=208.45 BTUM,

Control Vaive

AirVent
Vac, Breaker 2

o o

4

[ Liquid Condensate

@ Prossuro P, 212°F, h= 180.17 BTUI,
P8 = Vent 5 4P

The Pressure Cascade
— Flash Tank Drain sz

Steam trap at flash tank
required when flash tank
pressure is more than 1 psi
above condensate pump
receiver pressure.

AirVony
Vac. Breaker 2

Gondonsate @
10psg. 240F S,
P

h=208.45 BTUM

Stoam Condonsate Line
Backpressure
5 = P6 +4P5s

AirVent
Vac. Broaker 3

Height of flash tank above
condensate pump receiver
inlet (H4) needs to be high

enough to overcome

Vent5to
osphere

pressure loss of trap and inpvep v
piping. [ G breseure o, 5127 e 160 178701
P-trap ok for equal pressures. LA "

‘Condensate Pump
Recaiver
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The Pressure
Cascade —

Heat Exchanger
Drain

Height of heat exchanger drip leg
(H3) needs to be greater than
pressure difference between heat
exchanger and receiver.

Steam Line @
10 psig, 240°F

Gondensate
10 psig. 240°F
h=208.45 BTU/

Steam Condensate Line.

P5=P6 +4Ps

Best option is to connect sub- Ventsto

y » Amosphoro
atmospheric heat exchangers to its
own receiver.

2nd best option is a separate line
connected as close to the receiver
as possible. By,

‘Condensate Pump
Receiver

Contro Vaive

AirVent
Vac, Breaker 2

o g

i

[— Liquid Condensate

@ Pressure P8, 212°F, h= 180.17 BTUI
P8 = Vent 5 4P

Control Valve

The Pressure
Cascade - S
Overflow Vent oA

v
et 14 0 ez

Steam Condensate Line
Backpressure
P5 = PG +4Pss

A Vent
Vac. Broaker 3

Atmosphero

PE——
Overflow vent recommended e
to avoid excessive pressure

on receiver when pump fails. Pump

|~ Liquid Condensate
@ Prossuro P8, 212°F, h= 180.17 BTUI
P8 = Vont 5 AP

‘Condensate Pump
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Air Venting and
Vacuum Release

During warm-up and cool down air
moves in and out piping and
equipment.

Steam Line @
10 psig, 240°F

: A Steam Condensate Ln
Air vents open when steam/air mix is et

below setpoint (200°F) PozPouAPe
Vacuum breakers open when
steam/air mix is below setpoint (-0.1 to
-1.0 psig)

Locate air vents and vacuum breakers
together at high points, end of mains,
and at heat exchangers.

For heat exchangers locate at both

. Pumy
inlets and outlets. P Condensate Pump

Rocoiver

Contro Vaive

4 — Liquid Condensate

@ Pressure P, 212°F, h= 180.17 BTUI.
P8 =Vent5 AP

Steam Air Vents and Vacuum Breakers
F@'" -

7
_V D
L -

T

System
Connection
FLow
4

Steam Vacuum Breaker (Above)

Steam Thermostatic Air Vent (Left)

23
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Air Venting and Vacuum Release

* During start-up air should be purged from system to obtain
design steam temperatures.

Air Venting and Vacuum Release

* During start-up air should be purged from system to obtain
design steam temperatures.

* During cool-down re-introducing air to break the vacuum can
reduce the required head pressure to drain systems. 15 psig
= 36 feet of head at 212°F.
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Air Venting and Vacuum Release

* During start-up air should be purged from system to obtain
design steam temperatures.

During cool-down re-introducing air to break the vacuum can
reduce the required head pressure to drain systems. 15 psig
= 36 feet of head at 212°F.

Supervised start-up opens drain valves (Upstream of traps) to
purge air.

Air Venting and Vacuum Release

During start-up air should be purged from system to obtain
design steam temperatures.

During cool-down re-introducing air to break the vacuum can
reduce the required head pressure to drain systems. 15 psig
= 36 feet of head at 212°F.

Supervised start-up opens drain valves (Upstream of traps) to
purge air.

Automatic start-up systems rely on automatic air vents to
purge air. Bellows in air vents open below 200°F.
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Air Venting and Vacuum Release

During start-up air should be purged from system to obtain
design steam temperatures.

During cool-down re-introducing air to break the vacuum can
reduce the required head pressure to drain systems. 15 psig
= 36 feet of head at 212°F.

Supervised start-up opens drain valves (Upstream of traps) to
purge air.

Automatic start-up systems rely on automatic air vents to
purge air. Bellows in air vents open below 200°F.

F&T steam traps have limited capacity to vent air.

Air Venting and Vacuum Release

* During start-up air should be purged from system to obtain
design steam temperatures.

¢ During cool-down re-introducing air to break the vacuum can

reduce the required head pressure to drain systems. 15 psig

= 36 feet of head at 212°F.

Supervised start-up opens drain valves (Upstream of traps) to

purge air.

Automatic start-up systems rely on automatic air vents to

purge air. Bellows in air vents open below 200°F.

F&T steam traps have limited capacity to vent air.
» Vacuum breakers have a minimum AP to open (0.1 to 1 psid)
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Steam Condensate Pipe Sizing
Required Inputs

» Mass flow based on warmup loads (pounds per hour or pph)

Design Flow Rates

& » Sources
&! ASHHAE> * ASHRAE
« Steam Trap Manufacturers

Learning Institute
Your Source for HVACAR Professional Development Table 61 Recommended Steam Trap Selections and Safety Factors
Application Trap Selection Safety Factor
Boiler Header Inverted Bucket, F&T 15
mened Bk FST,
‘Steam Mains & Branch Lines Thermostatic 3
‘Steam Separator Inverted Bucket 3
FUNDAMENTALS OF ‘Tracer Lines Inverted Bucket, Thermostatic 2
Uit eers & A Fanles | Toveret Bucket, F&T 3
verned ke F&T,
STEAM SYSTEM DESIGN Flned Radaion & Bpe Colt ™ oo :
Processor Air Heaters Inverted Bucket, F&T 2-3
(I-P EDITION) Shell g Tube Heat Inverted Bucket, F&T 2
Flash Tank Inverted Bucket, F&T 3
S 8, S e s 108

A Fundamentals of HVAC&R Series
Self-Directed Learning Course
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Drip Traps Design Flow Rates

Table CG-10. Condensation in Insulated Pipes Carrying
in Quiet Air at 70°F (Insulation assumed to be 75% efficient.)
[0 [125 f180 |

 Steady State Flows

psig | 15
based on heat loss Pi”(eins)i“ 7_?":;9“' Pounds of Condensate Per Hour Per Lineal Foot
to ambient. 1 344 |05 06 [ o7 [ 10 [ 12 |14 | 186 | 221 | 289
14 434 06 | 07 12 |14 | | 231 | 273 | 350
o " = 142 | 497 |07 |08 | 40 | 14 [ 16 | 19 | 261 | 310 | 406
Warm up loads 622 | 08 23 | 320 | 379 | 408
2.2 | 753 | K 28 | 384 | 454 | 506
Steady state flows x 916 | A4 | 18 | 24 | 28 | 33 | 460 | 546 | 714
safety factor of 3. X7 TY7] 27 38 [ 520
1178 22 | 30 43 | 578
5 1456 | 18 | 22 | 27 | .37 51 | 698
6 1735 | 20 | 32 | 44 59 | 800
8 2260 | 27 41| 55 | 66 | 76 | 1051 | 1244 | 1628

Table data from manufacturer ‘A”. Manufacturer “S” slightly different.
Q (Ibs/hr) = Safety factor x surface area (sf) x insulation u-factor (BTU/hr-sf-°F) x
(Tsteam - Tambient)/ latent heat of steam (BTU/Ibm)

Drip Trap Design Flow Rates —
Thermal Energy Model

» Based on
o i i Table CG-11. The Warming-Up Load from 70°F. Schedule 40 Pipe

Mass (weight of pipe) _Pressure, psig_ 2 15 30 | 60 | 125 | 180 | 250

+ Temperature change R A Pounds of Condensate Per Lineal Foot
between steam and 1 60| 030 | 037 | oas | o5 | 063 | on | o
i 14 27 | 040 | 050 | 057 | 068 | 085 | 005 | 106
ambient temperature 172 72| 048 | 059 | 069 | 082 | 101 | ma | 127
. Specific heat of pipe 65 065 | 080 | 002 | mo | 136 | 153 | m
& 212 79 104 | 126 | a6 | w4 | 215 | 262 | 271

* Time (most models 7.57 433 | 165 | 190 | 227 | 282 | 316

312 1 162 | 198 | 220 | 273 | 330 | 381

assume 1 hour) 79 | 100 | 234 | 271 | 323 | 400 | a5t

o 62 | 258 | 352 | 406 | 430 | 5aa | 612

Most mOdels.do not o7 | 335 | a3 | 476 | 560 | 705 | 795

account for air purge 55 | 504 | 320 | 720 | 860 | 1060 | 1190

Table data from manufacturer ‘A”.
Q (Ibs/hr) = Safety factor x pipe mass (Ibs) x pipe specific heat (BTU/Ib-°F) x
(Tsteam - Tambient)/ latent heat of steam (BTU/Ibm)/ 1 hour
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Steam Condensate Pipe Sizing
Required Inputs

» Mass flow based on warmup loads (pounds per hour or pph)
* Amount of flash steam (x%, pph) based on

* Supply steam pressure (psig)

» Receiver pressure (psig)

» Steam Tables and ASHRAE Equation 25

Calculate Flash Steam Flow
s Using Steam Tables

pressure to get

psia
lqud | vapor
Absolute | Saturated | specific Specific Liquid Vapor ASHRAE Handbook of
e Volume | Volume | Enthalpy | Enthalpy Fundamentals, Chapter 22,
(psia) (F) (ft3/Lb) (ft3/Lb) (BTU/Ib) | (BTU/Ib) i .
15 | 2130 [ ooteme |2 J[ [istat | 110 Equation 25:
16 2163 | 0016749 | 276 | teasi [ iiso11 X (% flash steam) =
17 2197 | oower71 | | 2328 | 18750 | uisszs
2.4 | o193 | | 2220 | 10063 | 115420 (hr1 — hr2)/(hg2 — hr2)
2250 | oos7eo | | 2114 | 19345 | 115530 where
228 013435 | | 20, 196, 11563 )
2305 | 001598 | | 19: o857 | 115725 Enthalpy hri is at trap inlet
2329 | 0016872 . 7| 1158, Enthalpy hr2, hg2 are at the outlet (vented|
235 601 | | 17. 115902 | receiver).
2. 6909 | | 16: 115983 |
. 6927
2. 6944 | | 15. T ; ;
7y eser | [ 15 , For ‘]5 psig supply and 0 psig @
. co77 | | 1a. L receiver
2484 | o093 | 4. T
—_— 2503 [ 0.017008 3. 1164.

1= OIS Large 4 (1563 tmes) between X % = (218.93 — 181.21) / (1150.9

—181.21) = 3.89% by mass

liquid and vapor specific
olumes and densitie:

Vg2 = 26.29 ft¥/Ibm

35
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Steam Condensate Pipe Sizing Friction Rates Based on Liquid
Required Inputs Pressure drop in drainage systems is based on gravity or the head
» Mass flow based on warmup loads (pounds per hour or pph) pressure in the piping system.
* Amount of flash steam (x%, pph) based on APiqid (psi, kPa) = AHep /144 in?/ft2 (0.433 psi per foot @ 62.4 Ibs/ft?
> Sfgially Sz [peEssle () or2.31 feet per psi with 62.4 Ibs./ft3)
» Receiver pressure (psig)
« Steam Tables and ASHRAE Equation 25 Where
» Amount of available pitch to determine friction rate AH = head pressure or liquid height (ft) or

* When using ASHRAE tables, use 1/16 psi/100 ft AP for most Pipe slope (s, %, infit112 in/ft) x total horizontal pipe length (ft)
systems with pitch <1 per 14 ft. quid density at the receiver (Ib/ft3, kg/m3) or

p =li
p = 1/specific volume viquid (ft¥/lb, m¥kg)

Pressure drop of liquid and steam should be the same to avoid waves

and slug flow.
37 38
Liquid Friction Rates Steam Condensate Pipe Sizing
~Siope ) ] Required Inputs
(in/10feet) | Slope % | Apsi/100 feet » Mass flow based on warmup loads (pounds per hour or pph)
0.090 0.08% 1/32 (1/2 0z.) Yellow values are used by ASHRAE tables. o
Yoo o7 124 23 07) » Amount of flash steam (x%, pph) based on
0.181 0.15% 116 (1 02) €M Use 1/16 psi/100 ft w/ ASHRAE tables : SUPP!Y sleamipressiire (psig)
1 per 40 ft. 025 021% 0.09 * Receiver pressure (psig)
1" per 20 ft. 05 0.42% 017 Using condensate density of 59.79 Ib/ft® » Steam Tablgs and ASHRAE Equgtion .25
Tperiaft| 0723 060% 114 (40z) |at212°F and 14.69 psia the equation car » Amount of available pitch to determine friction rate
1 083% 035 be shortened to: » When using ASHRAE tables, use 1/16 psi/100 ft AP for most
1445 120% 128 0z) 100 ft = 0.346 - slope (in10 ft systems with pitch <1” per 14 ft.
15 1.25% 052 ApsSi = 0. * slope (in . ; ;
> 6T 069 Selection tables or calculations
289 241% 1(1692) |Or slope (in/10 ft) = 2.89 « psi/100ft
39 40

ASHRAE Tables 34-37 oo Sl MR E—
for Steam Condensate Pipe Sizing |cruse 2 s for Low Pressure Pipe Sizing Criteria

 For very low pressure
residential systems
(< 2 psig assumed)
* Vacuum systems
close to wet system

Pipe Design 235

bry
e R s

— [l - — 00 — iti
FEEEE T E capacities.
R :
& N G o om o * Risers have
%o 10 W 1w 200 B 20w . -
239 120 230 39 160 30 — increased capacities.
30 23w dwe w0 due ime Reduced pine si
Shop m0 a0 tow 1m0 wo —
555 10 3510 110 S0 1o (Reduced pipe sizes
G TR g 10

are not recommended
due to hydraulic jump

W -
| oo I oo
[P N T - i
i s Bs s 75 0 s o issues.)
[ [ i oo
ERY R = o 26 - s + Not useful for most
- i - o =

commercial steam
system:

41 42
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ASHRAE Table 34
for Low Pressure Pipe Sizing Criteria

Table not included

. DO.NOT.USE.. in ASHRAE
T O L R T o g e T Fundamentals of
P Ve Wt bry Vi,
TV WX Steam System
e .
“" Design

Rie
|
h
|
|

ASHRAE Table 35
for vented gravity returns
(between 2 vented receivers — No flash steam)

Table 35 Vented Dry Condensate Return for Gravity Flow

Based on Manning Equation VENT TO ATMOSPHERE s
= DISCHARGE
ot ca:mm:‘nn;. Ih/h.“” venT o
Dlominat ‘ondensate Line Slope, /it
in. IPS 16 % i 7
7 3% 5 i3 107
34 80 114 161 27
1 153 216 306 a3
114 318 249 &5 898
2 479 677 958 1360
2 032 1320 1,860 2640
22 L0 20 3w s From flash tank outlet
3 2670 3780 5350 7,560 ;
1 5520 7800 11,000 15600 FIRTLoT, or 0 psig HX
5 10,100 14300 20200 28500
6 16,500 23300 32,900 46,500 A DRYRSTLCH

¥Flow is in 1o/ of 180°F water for Schedule 40 stecl pipes,
® Flow was calculated from Equation (22) and rounded.

Usually, a vented condensate
pump receiver
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ASHRAE Table 35
for vented gravity returns
(between 2 vented receivers — No flash steam)

Table 35 Vented Dry Condensate Return for Gravity Flow
Based on [Manning Equation}

Based on Manning Equation for

] Condensate Flow, Ib/h* gravity flow
Diominal Condensate Line Slope, in/ft §
in. IPS 1716 78 174 17—+ Uncommon slopes, %2 per 10 ft
7 38 B 76 107
34 30 1 161 27 gorelcommen
1 153 216 306 3
s e pod o 1560 « Safety factor of 3 used (or liquid
2 932 1,320 1,860 2,640 level = 33%)
212 1,500 2120 3,000 1210
3

2,670 3,780 5,350 7,560
4 5,520 7,800 11,000 15,600 . i o/ i
p 10100 14300 20200 2 212°F condens.;ate is 2% lighter.
6 16,500 23300 32,900 46,500 Schedule 80 pipe has smaller

£Flow is in Ib/h of 180°F water for Schedule 40 steel pipes.|* insi i
® Flow was calculated from Equation (22) and rounded. inside diameter.

ASHRAE Manning Equation

* ASHRAE Handbook of
2/34172 Fundamentals, Chapter 22,
0= 1494r 'S Equation 22 for the
n Manning Equation is
incomplete.
where + Cross-sectional area
Q = volumetric flow rate, cfs should be the wetted flow
A = cross-sectional area of conduit, ft? area. )
r = hydraulic radius of conduit, ft N mﬁdraelﬂ:drac?;: ssi‘;c::\tj.lcv)dnbe
. Wi -secti
n = coefficient of r_oughness(usually 0.012) area divided by the wetted
§ = slope of conduit, ft/ft perimeter

45
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Correct Manning Equation

Velocity V (fps, m/s) = 1.49/ n ¢ ;0667 « S05

Where:
Hydraulic radius m (ft.) = Wetted flow area A (ft?) /Wetted .

perimeter P (ft.)
Wetted flow area A (ft2) = 1/8 + (6 -sin 6) » di? ZalRN

.

n = pipe roughness factor, usually 0.012. Consider using

Wetted perimeter P (ft.) =0 < di/2
6 = angle in radians formed by the pipe radius (r= di/2) &
and the liquid height y or 6 = 2 « arc cos((r - y)/r

ASHRAE Table 36 for Wet  saseaon

(Fully Flooded) Returns 0=,

equation for

Table 36 Vented Wet Condensate Return for Gravity Flow Based o

‘Condensate Flow, Ib/h*®

b} Condemste Head,per T fully flooded
in. IPS [ T 5 2 25 3 35 [ pipe

s s 5 90 0 b

114 %01 1310 1620 1,890 2,120 2,330 250 2710

2 2,650 3,830 4740 5510 6,180 6,800 q

3 T 00 nsw IS0 msm 1930 .
i 0 20 zeo 2w o

s d0 ws0 om0 o e T

. a0 oo mow om0 100 s

" Flow calculated from Equation (1) and 1

Flow s in /b of 130°F waer for Schedile 40 see pipes.

« Available head based on upstream pipe slope.

0.018 for corroded pipe.
« S = slope percentage, vertical drop / horizontal run (ft/ft) « Table has limited use. Only valid when pipe is Umm
* Flow Q (pph) = pf * V « A+ 3600 seconds/h 100% full. (inlet of traps or vented pipe below arieo e uoun
« pr = density of the liquid condensate (Ib/ft?) receiver.) 5. WET RETURN

47
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ASHRAE Table 37 for

ASHRAE Table 36 for Wet
(Fully Flooded) Returns Non-Vented Dry Returns w/ Flash Steam

Table 36 Vented Wet Condensate Return for Gravity Flow Based on Darcy-Weisbach Equation

Nominal Condensate Flow, Ib/h** “Supply Pressure - S puiz
Dominal Condensate Head, L per 10010 i
in. 1PS 5 i is 2 25 3 35 3 L Tl e i s e
12 105 154 192 224 252 278 302 324 ": Flow Rato, (W0
a1 25 28 a0 e 536 500 o P :
1 432 628 7 908 1,020 1,120 1220 1310
m oot 1310 1620 1890 2120 233 25% 2710
e 1360 1970 2400 2840 319 3510 3500 4080
2 2,650 3,830 4,740 5510 6,180 6,800 7,360 7,89
212 4260 6,140 7,580 8810 9,890 10,900 11,800 12,600 Lauibout
3 7570 10900 13500 15600 17500 19300 0900 2300 & STEAMPRESSURE-MOTIVATED RETURN
3 15500 230 ® 200 25000 040 2 s5an
: . o - Based on 180°F water and Schedule 40 pipe. o ow oW M+ w w o Supply pressure = pressure at trap inlet.
[Frrweiosaaensears] |+ 212°F condensate is 2% lighter than 180°F condensate. C B -1 — - * Retumn pressure = receiver pressure
+ Schedule 80 pipe has a smaller inside diameter. @ gowom & R & c Psifo0 ﬂlis pasariol %"a‘/“y et
. 0/ i 0/ i i o i pressure loss or pipe slope.
Assumes a safety factor qf 3 or 33 A,_plpg flow. 33% pipe K i % . Based on 180oF condensate, no safety
flow maybe too conservative when pipe is 100% full. g@ pw factor, and schedule 40 pipe (assumed.)
i

Be aware where safety factors are applied.

49 50

ASHRAE Table 37 for ASHRAE Table 37 for
Non-Vented Dry Returns w/ Flash Steam Non-Vented Dry Returns w/ Flash Steam
: ~——= Pressures determine ” o T P o
e — amount of flash steam. v T
« Use last two tables L
when using flash tank
vented to a 15 psig LEETEET 2 - Use 116" psift00 f
steam line. Donmodmo g opmo e when using pipe slopes
* See note at bottom for Vo 1 Lo - frer] less than 1
starred values (*) o per 14 feet
+ Steam velocities are
limited to 7000 fpm
+ Use a different
combination of pipe
size and pressure
loss.
A SteE 1- E, & e
Generating ASHRAE Table 37 Use chart to ot 55 o
. s %”%
Step 1- Determine the maximum steam velocity for pressure drop rates determlne “E g‘:’
consistent with pipe slope from ASHRAE Handbook of steam N %:Z”
Fundamentals(2) Fig. 18 or other similar tables. VeIOCitieS : / 2

(ASHRAE Figure 18 for
Schedule 40 pipe shown)

PRESSURE DROP. g por 1001

AP = £ LUD « (V2/2g) .
or o /
R ; 1146 psif100

V = (2g + AP/L/ £+ D)2 -

53 54
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Generating ASHRAE Table 37

Step 1 - Determine the maximum steam velocity for pressure drop rates
consistent with pipe slope from ASHRAE Handbook of
Fundamentals(2) Fig. 18 or other similar tables.

Step 2 - Determine the percent of flash steam based on the table supply
and return pressures and equation 25 in Chapter 22 of the
ASHRAE Handbook of Fundamentals(2).

Step 2 — Determine % Flash Steam
Given:  Supply pressure = 15 psig
Return pressure = 0 psig
Atmospheric Pressure = 14.7 psia (round to 15 psia)

Steam Table Data:
Supply pressure = 30 psia, Saturated: Temp. = 250.3°F,
ht =218.93 BTU/Ib
Return pressure = 15 psia, Saturated: Temp. = 213.0°F,
hi = 181.21 BTU/Ib,
hg = 1150.9 BTU/Ib

X (% flash steam) = (218.93 — 181.21) / (1150.9-181.21) » 100% = 3.89%

55 56
Generating ASHRAE Table 37
9 Flash Steam Volume per ASHRAE
Step 1 - Determine the maximum steam velocity for pressure drop rates
consistent with pipe slope from ASHRAE Handbook of 2021 ASHRAE Handbook of Fundamentals, Chapter 22,
Fundamentals(2) Fig. 18 or other similar tables. equation 26
Step 2 - Determine the percent of flash steam based on the table supply .
and return pressures and equation 25 in Chapter 22 of the Volume fraction V¢ = X * vgo/ (Vi2 * (1-X) + X * Vg2) ERNERRRN
ASHRAE Handbook of Fundamentals(2). [ "98%.Steam,
Where
Step 3 - Determine the volume fraction of flash steam based on the table x = steam quality or percent steam 2% liquid -
supply and return pressures and equation 26 in Chapter 22 of the vi2= specific volume of the liquid or 1/ density of liquid -c?rad.enfate
ASHRAE Handbook of Fundamentals(2) or use the void fraction for vg2 = specific volume of flash steam
the slip velocity method. x (@15 psig) = 3.89%, vz = 0.016726 ft3/lbm , vg2 = 26.29 t/lom
Ve =0.0389 » 26.29 / (0.016726 + (1-.0389) + 0.0389 * 26.29) =
98.45% flash steam
57 58

ASHRAE Research Papers

Two-Phase Steam Condensate
Flow Characteristics

——— " RP-167 e 0o » Steam and liquid condensate have very different densities
RP-167 Proposed the RP-418 ; rn ;
Pipe Sizng ot stsem Condnsate Systams slip velocity vatan o s o or St orgeaste thus different friction rates when at the same velocity.
¢ concept. * Pressure drops are a function of velocity, density, and
i+ RP-418 viscosity.
i Compared 7 S ,
| several » Result is that steam and liquid condensate can be at different
alterative velocities when at the same pressure drop rate.
methods « Difference between steam and condensate velocities is
» By Ronald called the ‘slip velocity’ or the amount of ‘hold back’.
Howell and « ASHRAE equation 26 for volume fraction V, does not apply.
Harry Sauer,
1980 1984

59
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Stratified Flow Two-Phase Velocity

Ratio vs. Steam Quality, x%
Experimental data chart from ASHRAE

1of T IIIHII T T Flllll' = " N
1 RP-167 for stratified flow regime.
.S ] slip Velocity Ratio
S0 1 S=Vg/NVL=exp[1.6677 —0.0084 * In(x)?]
Y% r Void fraction = ag =
Mol /(S * vi/ vg * (1-X)/x+1)
E Where
[ Aueer o 1 Ve=velocity of vapor
@ suToR Vi = velocity of liquid
|~ ©IsBiN, SHER , EDDY 71 v~ specific volume of liquid (1/density)
| N Vg= specific volume of vapor
ai 10 [ x = steam quality or percent steam

QUALITY, %

Flash Steam Volume
per Slip Velocity Method

Slip Velocity Ratio @ 15 psig

S = Vg /VL=exp [1.6677 — 0.0084 « In(x)?]

S = exp [1.6677 — 0.0084 + In(0.0389)?] = 7.07
(steam moves 7 x faster than liquid condensate)

0% steam ")
- 10% fiquid -
. Condensate.
Void Fraction @ 15 psig

g = 11(S * pg/ pr+ (1-x)/x+1) =
og = 1/(7.07 + 0.0167261 / 26.29 + (1-0.0389)/0.0389+1) = 90.0%

8.6% less than the volume fraction of 98.45% at 15 psig.

Even greater difference when using supply pressures less than 15 psig.
Note: Void fraction = volume fraction when S = 1.0

61
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Generating ASHRAE Table 37

Step 4 - Determine the flash steam flow based on the maximum velocity in
step 1 and the steam flow area based on actual inside pipe
diameter, and steam volume/void fraction in step 3.

Pipe Area Adjustments
SCHEDULE 40 PIPE Schedule 80
Nominal STD CS Inside Inside
Size Pipe OD | Wall Thick. | Diameter | Flow Area | Wall Thick. | Diameter | Flow Area
(in.) (in.) (in.) (in.) (sf) (in.) (in.) (sf) % Change
0.5 0.84 0.109 0.622 0.002109 0.147 0.546 0.001625 -22.9
0.75 1.05 0.113 0.824 0.003701 0.154 0.742 0.003001 -18.9
1 1.315 0.133 1.049 0.005999 0.179 0.957 0.004993 -16.8
125 1.66 0.140 138 0.010382 0.191 1.278 0.008904 -14.2
15 1.9 0.145 161 0.014131 0.200 15 0.012266 -13.2
2 2375 0.154 2.067 0.023291 0.218 1.939 0.020496 -12.0
25 2.875 0.203 2.469 0.033231 0.276 2.323 0.029417 =3
3 33 0.216 3.068 0.051312 0.300 29 0.045846 -10.7
4 4.5 0.237 4.026 0.088360 0.337 3.826 0.079799 £
6 6.625 0.280 6.065 0.200525 0.432 5.761 0.180927 -9.8
8 8.625 0.322 7.981 0.347234 0.500 7.625 0.316947 -8.7
Schedule 80 has 9 to 23% less flow area than Schedule 40.

63
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Steam Velocity Adjustments

1/16 1/16 AP = feo L/D (V2/29)
psi/100° psi/100°
Flash Sch 80 Flash
Nominal | Sch40 Inside | Steam Inside Steam or
Size Diameter | Velocity | Diameter | Velocity
(in) (in) (fpm) (in) (fpm)
05 0.622 879 0.546 807 V =(2g+ AP/L/ £+ D)2
0.75 0824 1,056 0.742 986
1 1.049 1,235 0.957 1,164 e
1.25 1.38 1,473 1.278 1,402 Note that the friction
15 161 1,625 15 1,553 factor £ also changes
2 2.067 1,904 1.939 1,828 X
2.5 2.469 2,130 2.323 2,050 Wlth ReynOIdS Number
3 3.068 2,441 2.9 2,356 and pipe diameter.
e T soes | sm T s [ se0| Schedule 80 has lower
3 7.981 4,409 7.625 4,287 velocities.

Step 4 — Determine Flash Steam
Flow

15 psig supply, 0 psig return
Steam flow =A<V «p

sch40 | sch8o | schao | schso

or 116 116 | Volume | Volume | void Void
psiftoo’ psiN00" | Fraction | Fraction | Fraction | Fraction
Flash Flash | (s845%) | (9845%) | (90.0%) | (90.0%)
" Nominal | Schd0 | Steam | Sch80 | Steam | Flash | Flash | Flash | Flash
Flow (PPH) = pipe @rea | pipe size |Fow Area | Velocity |Flow Area | Velocity |steam Flow steam Flow steam Fiow steam Flow
(f2)  flow fraction « (o) | (o0 | pm) | (o0 o | b | e | (eoh)
. N 05 [ 0002109 | _ 879 | 0001625 7}
velocity (ft/min) + 60 075 | 0.003701 | 1.056 0003001 9
i . 3 1 .005999 17
min/hr ¢ |bs/ft L z
15 [ootats 012266 52
2 023291 |1 020495 100
25 (0033231 2. 029417 150
051312 | 2. 045846 | 2 281
088360 | 2. 079799 | 2. 574
200525 | 3. 180927 1676
347234 ] 44 316947 3440
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Generating ASHRAE Table 37

Step 4 - Determine the flash steam flow based on the maximum velocity in
step 1 and the steam flow area based on actual inside pipe
diameter, and steam volume/void fraction in step 3

Step 5 — Calculate the total liquid and flash steam flow rate by dividing the
steam flow in step 4 by the percent of flash steam in Step 2.

Step 5 — Total Condensate Flow

15 psig supply, 0 psig return

+ Total Flow =
Sch40 Sch 80 Sch 40 Sch 80
Flash steam flow Volume | Volume | Void | Void
divided by 3.89% Fraction | Fraction | Fraction | Fraction
(98.45%) | (98.45%) | (90.0%) | (90.0%)
flash steam Flash | Flash | Flash | Flash | Sch4o | Sch4o | sSchso | schso
Nominal Steam Steam Steam Steam Volume Void Volume Void
. . Pipe Size Flow Flow Flow Flow Fraction | Fraction | Fraction | Fraction
« Slip velocity (n.1D) | (pph) | (eph) | (pph) | (pph) | Total PPH | Total PPH | Total PPH | Total PPH
p 05 4 3 3 3 107
meth("d (Void 075 7 7 226 206
Fraction) has less 1 4 1 428 391
. 1.25 2 883 8
capaCIty than 15 3 1,326 212
2 7 2,561 342
ASHRAE (volume 25 1 135 140 124 4088 | 3737 |
fraction) method. 2 243 248 222 | 7233 | 6613 |
556 502 508 459 | 14756 | 13489
* SChedU|e 80 has 1,626 1,467 1,486 1,341 43,146 39,443
less capacity. 3345 | 3053 | 3058 | 2791 | 88428 | 80838

67
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. .. a a “QY H
Low Pressure Pipe Sizing Criteria Manufacturer “S’ Velocity Method
(15 psi supply, 0 psi return, Schedule 80) (Constant 4000 fpm)
h 1" per 10ft 201t 30ft 40t Table 37 Flow Rate for Dry-Closed Returns SCHEDULE 40 PIPE Schedule 80
Puchiperiofy Lo | _0s0 1 03§ oz R s 0p S o ASHRAE Table | Slip Velocity w000t slip Velocity w000t
Nominal Pipe Sze S 0 S S ) Nominal 37 Method pm Method pm
{n.0) ph g ph e - [ — Size | 1/16 psi/100". [1/16 psi/100',| @ 2629 |1/16 psi/100, | @ 26.29
075 367 260 22 184 - .o (in.) 15 psig 15 psig 1t*/Ib 15 psig 1t*/lb Too High
i v e woE £ 8 H 05 95 98 495 69 = 7Y,
15 2 [ oem L oose s | ooy : N4 o am 0.75 210 206 869 156 H—704 S.
25 vass | 5o | aam || | i i 1 400 391 1408 |[ 367 1172 ASHRAE Table
ERE T T e Y P B o o | 2 [ A
G s1.007 | 57300 | 603 || a0s0e d ; ] , J J
s o656 | 119067 (_wam J[ wazn Using ASHRAE Table 37 for 15 psig and 1/16 3 IS0 T 505 TS AT Method for
psig/100 ft is about the same as 25 4,030 3,737 7,799 3,184 6,904 15 psig supply,
3 7,200 6,613 12,042 5,704 10,759 0 p5|g return,
15 psig, 1"=30 ft slope, schedule 80 pipe, and 4 14,900 13,490 20,736 11,803 18,727 and 1/16
slip velocity method. 6 44,300 39,446 47,059 34,481 42,459 _
8 91,700 80,843 | (81488 J| 71759 |(74380 psi/100 ft AP
“Qy H
Manufacturer “S’ Velocity Method Conclusions
(Constant 4000 fpm)
SCHEDULE 40 PIPE Schedule 80 » Reduce the risl$s of steam water ham_mer and poorldrainage 'by:
‘ASHRAE Table | Slip Velocity slip Velocity « Understanding the pressures at different points in the drainage
Nomi 37 Method 4000 fpm Method 4000 fpm system § L
- 16 psi/100'. | 1/16 psif100,| @ 26.29 @ 26.29 AVOID « Understanding the characteristics of two-phase flow
(in.) ‘S’gig 15 psig £t/Ib £t/lb Constant « Account for all assumptions used for sizing tables.
05 95 98 495 381 Velocit
0.75 210 206 869~ | 704 Metho g
1 400 I | #7408 1,172
1.25 840 807 > 2,436 2,089
15 1,270 1212 | 8,316 1,006 2,878 Not
2 2,500 2,342 546 1,979 4,810 ;
: d 4 d d nsisten
25 4,030 3,737 7,799 3,184 6,904 cons it
3 7,200 6613 | 12,042 54| 10,759 with other
4 14,900 13490 | 20,736 11,803 18,727 methods.
6 44,300 39446 | 47,059 34,481 | #2459
8 91,700 80,843 | 81,488 71,759 74,380
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Conclusions

Reduce the risks of steam water hammer and poor drainage by:

« Understanding the pressures at different points in the drainage
system

« Understanding the characteristics of two-phase flow
+ Account for all assumptions used for sizing tables.

« Use pressure drop rates consistent with actual pipe slopes.

Conclusions

Reduce the risks of steam water hammer and poor drainage by:

Understanding the pressures at different points in the drainage
system

Understanding the characteristics of two-phase flow
Account for all assumptions used for sizing tables.

Use pressure drop rates consistent with actual pipe slopes.

« Be aware of assumptions for ASHRAE tables.
ASHRAE tables could be improved by:
« Providing more useful information
« Stating all assumptions and safety factors

« Updating Table 37 for slip velocity method as described in
ASHRAE RP-167
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Questions?

gcnelson65@gmail.com
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«_Providing tables for both Schedule 40 and Schedule 80 pipe
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