
�ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ�, ĞĂƚ�ZĞĐŽǀ ĞƌǇ�̂ ǇƐƚĞŵƐ�ĨŽƌ��ŽŝůĞƌ�̂ ƵƌĨĂĐĞ��ůŽǁ ĚŽǁ Ŷ͘ ��

14 CROSSOVER SYSTEM or SHELL & TUBE SYSTEM:

Most boiler manufacturers and water treatment companies recommend boiler water TDS be maintained at certain levels. The
ƉƵƌƉŽƐĞ�ŽĨ�ĐŽŶƟŶƵŽƵƐ�ďůŽǁ ĚŽǁ Ŷ�ŝƐ�ƚŽ�ĐŽŶƟŶƵŽƵƐůǇ�ƚĂŬĞ�ďŽŝůĞƌ�ǁ ĂƚĞƌ�ĨƌŽŵ�ϰ͟ -6” under the surface where the TDS is at its highest
ĐŽŶĐĞŶƚƌĂƟŽŶ�ƐŽ�ƚŚĂƚ�ŝƚ�ĐĂŶ�ďĞ�ƌĞƉůĂĐĞĚ�ǁ ŝƚŚ�ĨƌĞƐŚ�ǁ ĂƚĞƌ͘�t ŚŝůĞ�ĐŽŶƟŶƵŽƵƐ�ďůŽǁ ĚŽǁ Ŷ�ŝƐ�ƚŚĞ�ďĞƐƚ�ǁ ĂǇ�ŝŶ�ĐŽŶƚƌŽůůŝŶŐ�ƚŚĞƐĞ�ƐŽůŝĚƐ�ŝŶ�
ƚŚĞ�ďŽŝůĞƌ�ƚŚĞ�ŚĞĂƚ�ůŽƐƚ�ƚŽ�ĚƌĂŝŶ�Žǀ Ğƌ�ƟŵĞ�ĐĂŶ�ďĞ�Ă�ƚƌĞŵĞŶĚŽƵƐ͘ �WĞŶŶ��ƌŽƐƐŽǀ Ğƌ�Žƌ�̂ ŚĞůů�Θ�dƵďĞ��ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ�, ĞĂƚ������
Recovery Systems can recover up to 95% of this heat normally lost. Two stages provide the recovery. The first stage uses a Penn 
Flash Separator where the high pressure condensate flashes to a low pressure steam use such as a feedwater heater or deaerator. 
The second area a separate heat exchanger that transfers the remaining heat to boiler Make-up water.

Each System Comes Complete skid mounted
on a channel frame with the necessary controls.
Controls Include:

1. &ůĂƐŚ�̂ ĞƉĂƌĂƚŽƌ�ǁ ŝƚŚ�ƚĂŶŐĞŶƟĂů�/ŶůĞƚ�ƚŽ�ƉƌŽǀ ŝĚĞ�
97% quality steam to vent.

2. Plate and Frame or Shell and Tube “U” tube
heat exchanger.

3. �ǆƚĞƌŶĂůůǇ�ŵŽƵŶƚĞĚ�ŇŽĂƚ�ƚǇƉĞ�ƉŶĞƵŵĂƟĐ�ůĞǀ Ğů
controller and control valve.

4. Tubular glass water level gauge.

SHELL & TUBE SYSTEM

.

Crossover or Shell & Tube System Sizing:

�ĂĐŚ�̂ ŚĞůů�Θ�dƵďĞ�Žƌ��ƌŽƐƐŽǀ Ğƌ�ƐǇƐƚĞŵ�ŝƐ�ƐŝǌĞĚ�ŝŶĚŝǀ ŝĚƵĂůůǇ�ĨŽƌ�ĞĂĐŚ�ĂƉƉůŝĐĂƟŽŶ͘ �&Žƌ�ƉƌŽƉĞƌ�ƐĞůĞĐƟŽŶ�ŽĨ�Ă�ƐǇƐƚĞŵ�ƚŚĂƚ�ǁ ŝůů�ŝŶƐƵƌĞ�
ŵĂǆŝŵƵŵ�ŚĞĂƚ�ƌĞĐŽǀ ĞƌǇ�ƉůĞĂƐĞ�ƉƌĞƐĞŶƚ�ƚŚĞ�ĨŽůůŽǁ ŝŶŐ�ĚĞƚĂŝůĞĚ�ŝŶĨŽƌŵĂƟŽŶ�ƚŽ�WĞŶŶ�̂ ĞƉĂƌĂƚŽƌ͘�t ŝƚŚ�ƚŚŝƐ�ŝŶĨŽƌŵĂƟŽŶ�WĞŶŶ�ĐĂŶ�Žī Ğƌ�
Ă�ƐǇƐƚĞŵ�ƉƌŽƉŽƐĂů�ďĂƐĞĚ�ŽŶ�ǇŽƵƌ�ƐƉĞĐŝĮ Đ�ĂƉƉůŝĐĂƟŽŶ͘ �

ϭ͘ ���ŽŝůĞƌ�KƵƚƉƵƚ��ηͬ Śƌ�Žƌ�ŚƉ͘ ��������������������������ϰ͘ ��WĞƌĐĞŶƚĂŐĞ�Žƌ��ŵŽƵŶƚ�;ŐƉŵͿ�ŽĨ��ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ��
����������������������������Ϯ͘ ���ŽŝůĞƌ�KƉĞƌĂƟŶŐ�WƌĞƐƐƵƌĞ�;ƉƐŝŐͿ͘ ��������������ϱ͘ ��WĞƌĐĞŶƚ�Žƌ��ŵŽƵŶƚ�;ŐƉŵͿ�D ĂŬĞ-Up Water.

3. Low Pressure Use in psig. 6. Temperature of Make-up Water.

CROSSOVER SYSTEM

5. Three panel mounted thermometers for makeup inlet,
makeup outlet, and blowdown temperature to drain.

6. Safety relief valve set to protect the system controls.

7. &ůĂƐŚ�̂ ĞƉĂƌĂƚŽƌ�ďŽƩ Žŵ��ůĞĂŶŽƵƚ�s Ăůǀ Ğ͘

8. Blue Enamel Exterior Finish.

9. ^ŚŽǁ Ŷ�ǁ ŝƚŚ�ŽƉƟŽŶĂů�, ŝŐŚ�>Ğǀ Ğů�̂ ǁ ŝƚĐŚ ͘ ������������������������������������������������������������������������������������
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�ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ�, ĞĂƚ�ZĞĐŽǀ ĞƌǇ�̂ ǇƐƚĞŵƐ�̂ ƵŐŐĞƐƚĞĚ�̂ ƉĞĐŝĮ ĐĂƟŽŶ͗ ���

Furnish and install as shown on drawings. A Penn (CROSSOVER Flash Separator & Plate and Frame) or (Flash Separator Shell &
dƵďĞͿ��ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ�, ĞĂƚ�ZĞĐŽǀ ĞƌǇ�̂ ǇƐƚĞŵ�ĂƐ�ŵĂŶƵĨĂĐƚƵƌĞĚ�ďǇ�WĞŶŶ�̂ ĞƉĂƌĂƚŽƌ��ŽƌƉ͘ ͕ ��ƌŽŽŬǀ ŝůůĞ͕�W�͘

The system shall provide 90%-95% heat recovery from #/HR. ĐŽŶƟŶƵŽƵƐ�ďůŽǁ ĚŽǁ Ŷ�ĂŶĚ�ƐŚĂůů�ŚĂǀ Ğ�Ă�ŵĂŬĞ-up water
ĐĂƉĂĐŝƚǇ�ŽĨ�������������������ŐƉŵ͘ �ĨŽƌ�ďŽŝůĞƌ�Žƌ�ďŽŝůĞƌƐ�ŽƉĞƌĂƟŶŐ�Ăƚ�Ă�ƉƌĞƐƐƵƌĞͬ ƉƌĞƐƐƵƌĞƐ�ŽĨ�������������������ƉƐŝŐ͘�ŇĂƐŚŝŶŐ�ƚŽ�Ă�ůŽǁ �ƉƌĞƐƐƵƌĞ�ĚĞͲ
aerator, feedwater heater, or other low pressure steam use at psig.

The Heat Recovery System shall consist of the following components and accessories:

���ϭ͘ �s ĞƌƟĐĂů��^D ���ŽĚĞ�̂ ĞĐ�s ///͕��ŝǀ ͘ �ϭ�ƐƚĂŵƉĞĚ�&ůĂƐŚ�̂ ĞƉĂƌĂƚŽƌ�ǁ ŝƚŚ�ĐŽŶŶĞĐƟŽŶƐ�ĨŽƌ�ƚĂŶŐĞŶƟĂů�ŝŶůĞƚ�ǁ ŝƚŚ�ƐƚĂŝŶůĞƐƐ�ƐƚĞĞů�ǁ ĞĂƌ�
plate, blowdown overflow type drain, centrally located steam vent to provide a minimum 97% quality steam, and tank 
ĐůĞĂŶ�ŽƵƚ�ĐŽŶŶĞĐƟŽŶƐ�ĂƐ�ǁ Ğůů�ĂƐ�ĐŽƵƉůŝŶŐƐ�ĂƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĂĐĐĞƐƐŽƌŝĞƐ͘

2. Heat Exchanger:
(A) Plate & Frame heat exchanger ASME Code rated with parallel herringbone stainless steel plates held together by zinc plat-

ed bolts on EPDM ethylene propylene tapered gaskets. The flow shall enter the heat exchanger through threaded stainless 
ƐƚĞĞů�ĐŽŶŶĞĐƟŽŶƐ�ŝŶ�ŽƉƉŽƐŝƚĞ�ĚŝƌĞĐƟŽŶƐ�ƚŽ�ƉƌŽǀ ŝĚĞ�h�ǀ ĂůƵĞƐ�ŽĨ�ϯ�ƚŽ�ϱ�ƟŵĞƐ�ƚŚĂƚ�ŽĨ�ĐŽŶǀ ĞŶƟŽŶĂů�ŚĞĂƚ�ĞǆĐŚĂŶŐĞƌƐ͘ �dŚĞ�ŚĞĂƚ�
exchanger shall be located on the skid to facilitate cleaning and maintenance.
OR

(B) Shell & Tube “U” Tube type heat exchanger. ASME Code rated with removable (stainless steel or copper) tubes 20 B.W.G.,
cast iron head, and steel tube sheet. Make-ƵƉ�ƚŽ�ĞŶƚĞƌ�ƚŚĞ�ŚĞĂĚ�ĂŶĚ�ƚƵďĞƐ�ƚŚƌŽƵŐŚ�EWd�ĐŽŶŶĞĐƟŽŶƐ͘ �dŚĞ�ďůŽǁ ĚŽǁ Ŷ�����
ĐŽŶŶĞĐƟŽŶƐ�EWd�ĂƌĞ�ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ�ƐŚĞůů͘�dŚĞ�ŚĞĂƚ�ĞǆĐŚĂŶŐĞƌ�ƐŚĂůů�ďĞ�ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ�ƐŬŝĚ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ĐůĞĂŶŝŶŐ�ĂŶĚ�ŵĂŝŶƚĞͲ
nance.

3.�ǆƚĞƌŶĂůůǇ�ŵŽƵŶƚĞĚ�ĐĂŐĞĚ�ƉŶĞƵŵĂƟĐ�ůĞǀ Ğů�ĐŽŶƚƌŽůůĞƌ�ǁ ŝƚŚ�ƐƚĂŝŶůĞƐƐ�ƐƚĞĞů�ŇŽĂƚ�ĂŶĚ�ĐŽŶƚƌŽů�ǀ Ăůǀ Ğ�ǁ ŚŝĐŚ�ŵĂŝŶƚĂŝŶ�ƚŚĞ�ǁ ĂƚĞƌ�
level in the tank and heat exchanger. A level gauge shall be included to visually monitor this level.

4. Stainless steel gauge panel with three remote thermometers showing temperatures of the makeup inlet, make-up
outlet, and blowdown water to drain.

5. A safety relief valve will be provided to limit the systems maximum pressure to protect the components of the system.

6. Clean-ŽƵƚ�ǀ Ăůǀ Ğ�ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ�ďŽƩ Žŵ�ŽĨ�ƚŚĞ�ŇĂƐŚ�ƐĞƉĂƌĂƚŽƌ�ĂŶĚ�ůĞǀ Ğů�ĐŽŶƚƌŽů�ƉŝƉŝŶŐ͕�ƉƌŽǀ ŝĚĞĚ�ĨŽƌ�ƉĞƌŝŽĚŝĐ�ĐůĞĂŶŝŶŐ�ŽĨ�ƚŚĞ�
flash separator.

ϳ ͘ K ƉƟŽŶĂů�ĂĐĐĞƐƐŽƌŝĞƐ�ĐĂŶ�ŝŶĐůƵĚĞ�Ă�ŵƵůƟďŽŝůĞƌ�ŵĂŶŝĨŽůĚ��ϮϯD �ĨŽƌ���������������;E Ž͘ Ϳ�ŽĨ��ŽŝůĞƌƐ͕ �Ă�ŚŝŐŚ�ůĞǀ Ğů�Žƌ�ůŽǁ �ůĞǀ Ğů�ĂůĂƌŵ�
Ɛǁ ŝƚĐŚ ͕ �ƉƌĞƐƐƵƌĞ�ŐĂƵŐĞ͕�ĂŶĚ�ƐĂŵƉůĞ�ĐŽŽůĞƌ�ǁ ŝƚŚ�ŝƐŽůĂƟŽŶ�ǀ Ăůǀ ĞƐ�ĂŶĚ�ƉŝƉŝŶŐ͘

The flash separator, heat exchanger, components and accessories shall be assembled on a channel frame in a manner, which    
ĂůůŽǁ Ɛ�ŐƌĂǀ ŝƚǇ�ĚƌĂŝŶĂŐĞ�ŽĨ�ƚŚĞ�ďůŽǁ ĚŽǁ Ŷ�ƚŚƌŽƵŐŚ�ƚŚĞ�ƐǇƐƚĞŵ�ĂŶĚ�ƚŽ�ĂůůŽǁ �ĞĂƐǇ�ŝŶƐƚĂůůĂƟŽŶ�ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ͘�dŚĞ�ĞŶƟƌĞ�ĂƐƐĞŵďůĞĚ�
system shall then receive a coat of blue enamel paint and be packaged in a crate for shipment.

�ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ�, ĞĂƚ�ZĞĐŽǀ ĞƌǇ�̂ ǇƐƚĞŵƐ��ǆĂŵƉůĞ�ŽĨ�̂ Ăǀ ŝŶŐƐ͗ ���

^ŚŽǁ Ŷ�ďĞůŽǁ �ŝƐ�ĂŶ��ǆĂŵƉůĞ�ŽĨ�ƐĂǀ ŝŶŐƐ�ďǇ�ƵƐŝŶŐ�Ă�ĐŽŶƟŶƵŽƵƐ�ďůŽǁ ĚŽǁ Ŷ�ŚĞĂƚ�ƌĞĐŽǀ ĞƌǇ�ƐǇƐƚĞŵ�ŽŶ�Ă�ϯϬϬ�ŚƉ�ďŽŝůĞƌ�ŽƉĞƌĂƟŶŐ�Ăƚ�ϭϬϬ�
ƉƐŝŐ�ǁ ŝƚŚ�ϱй �ĐŽŶƟŶƵŽƵƐ�ďůŽǁ ĚŽǁ Ŷ�ŇĂƐŚŝŶŐ�ƐƚĞĂŵ�ƚŽ�Ă�ϱ�ƉƐŝŐ�ĚĞĂĞƌĂƚŽƌ͗�

Steam produced 10,350 #/Hr. x 5% Percent Blowdown Rate Gives 517.5 #/hr. �ŽŶƟŶƵŽƵƐ��ůŽǁ ĚŽǁ Ŷ�ƚŽ�ƚŚĞ�, ĞĂƚ�ZĞĐŽǀ ĞƌǇ�̂ǇƐƚĞŵ͘ ��ŶƚĞƌŝŶŐ�Ăƚ��
100 PSIG Flashing to 5 PSIG in Heat Recovery System gives 11.8% Flash Steam or (A) 61 #/hr. Flash Steam with (B) 456 #/hr. Condensate
remaining at 228 deg. F.

HEAT RECOVERY FROM FLASH STEAM
(A) 61 #/Hr. Steam x 1,156 Btu's/# = 70,516 Btu's/Hr. recovered. / Million Btu's / 80% Boiler Efficiency x  $ 5.00 Cost Fuel/Million Btu's

ANTICIPATED HOURLY SAVINGS FROM FLASH STEAM ....................................$ .44

HEAT RECOVERY FROM WASTE WATER ( 228 F - 100 F ) DT Change in Temperature Drain Water Inlet and Outlet
(B) 456 #/Hr remaining. ( A - B ) x 128 DT F = 58,368 Btu's/Hr. / Million Btu’s / 80% Boiler Eff. X $ 5.00 Cost of Fuel/ Million Btu’s

ANTICIPATED HOURLY SAVINGS FROM WASTE WATER .....................$ .36
————–

TOTAL HOURLY SAVINGS FROM CONTINUOUS BLOWDOWN HEAT RECOVERY SYSTEM ………..………………….. …………………………….. $ .80

dŚŝƐ�̂ ǇƐƚĞŵ�ŽŶ�Ă��ŽŝůĞƌ�KƉĞƌĂƟŶŐ�Ϯϰ�, ƌƐ͘ �Ă�ĚĂǇ�ϯϲϱ�ĚĂǇƐ�Ă�ǇĞĂƌ�ǁ ŽƵůĚ�ƐĂǀ Ğ�Ψ�ϳ ͕ ϬϬϴ͘ϬϬ�WĞƌ�zĞĂƌ͘�WĞŶŶ�Žī ĞƌƐ�Ă�&ƌĞĞ�, ĞĂƚ�ZĞĐŽǀ ĞƌǇ�
^Ƶƌǀ ĞǇ�ǁ ŝƚŚ�ŽƵƚ�ŽďůŝŐĂƟŽŶ͘ �WůĞĂƐĞ�ƐƵďŵŝƚ�ƚŚĞ�ĂďŽǀ Ğ�ŝŶĨŽƌŵĂƟŽŶ�ĨŽƌ�ǇŽƵƌ�ďŽŝůĞƌ�ĂŶĚ�ǁ Ğ�ǁ ŝůů�ƐĞŶĚ�ǇŽƵ�ƚŚĞ�ƌĞƐƵůƚƐ͘
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